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u &5t EAE 2| oke] A Aol tiefA = 7=t gt
1 A -E2] 4 2] €191 3] (Institutional review board)2] A1 2] & &
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Inc., Schaumbrug, IL, USA) Z* translucent shade S A1 & i T}
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Fig. 1. IPS Empress Esthetic® laminate veneer disk specimen (Ivoclar Vivadent)
(from the left, E 03, E 0C-1, E TC-1, E 01, E TC-2, E TC-3).
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Fig. 2. Dental colorimeter (ShadeEye NCC® Chroma Meter, Shofu Dental).
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Fig. 3. Touch probe aperture of ShadeEye NCC® Chroma Meter.
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17‘4 ¢k - ‘analyze mode | 4] 3314 A2 S 3131t} whebA]
F AT E6(ATIA 9 F) X 6(ingote] F7) x 35] =1083]
]
%74 CE 4 A ol] 7] 28ko] 4] 33t 23 Q1 L 2%, b*
el el S ol Bolel B Ad g
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TEAES FAxdte] d3H o2 88 7Fse MAZHJE)2
712 212 ARt
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4. EAEAN

SAS System for Windows V 8.02 (SAS Institute Inc., Cary, NC,
USA)S o] gl o™, Eao] wHEw 2 o) x|t 2] o] 4]z 3}o]
7} AZ A 20 12 = ABTAS 0] ) BAHEAH (Two-way
ANOVAYS o] &) A4 F 22 Abo] o] BA4 o] 2 1) w3}

7] $15}e] Tukey ThaHH 9] 717 " (Tukey-HSD test) & AH-8-3FSA T
frol e 5% AR A

Table 1. Mean L*, a*, b* values of the abutment teeth specimens
Al A3 A4 B2 B3 C3
L* 79.1(0.2) 713(0.2) 66.7(0.2) 78.4(0.1) 70.3(0.1) 68.5(0.6)
a* 230) -09(0) -02(0.1) -3.6(0) -1.6(0) 0.5(0.1)
b* 12(0.3) 189(0.3) 17.2(0.6) 17.2(02) 189(0.3) 154(0)
The SD values are shown in parentheses.
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Fig. 4. Day light box (Super Light -VI®, Boteck, Kunpo, Korea).
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Z} =2 A)H <] translucent shade®] Choice® try-in paste (Bisco
Inc)& o] 3kel 2t A|0h ool A2 % 24 A3E BES

Tell TA Al e] AMxE vlwsl Bokrh Al AR A A Al g
W= % = B 03, E0CL, ETCL, E0, ETC2, 18] 3 ETC3 40
WHEE =7F S7H4E k9] S7hsk = 3L, ETCL E TC2, 12
W ETC3E 0 2 a* gkt b* ko] S71E Bl A3 2 3o
MEE03,E0L,EOCL,ETCL,ETC2, 18] ETC3 =0 2 L* 3k
o] 7442 VYR 3, ETCLETC2, 18] 1 ETC3 0.2 b* ko]
<718 B3 tHTable 2).

3. 2} Z|CHx|ol| A|MEl =X AlHo| 4E 2k

7} ) Al try-n paste S ©] §81] 2} 2|t o} )2 G
3 ‘analysemodd ol ] S5}, Z}7}e] Zguie} L, o, b gho
et o] 2 o] 83l A0 Alote] 6714 AAlelo] o

Table 2. Mean L*, a*, b* values of laminate veneer specimens on various abut-
ment teeth specimens

EO03 EO01 EO0C1 ETCI ETC2 ETC3
L* 79122 750(33) 7452.7) 738(3.0) 71.7(3.1) 715@28)
a*  -09(0.8) -13(1.1) -15(009) -141.0) -13(12) -1.6(1.1)
b* 58(12) 100(1.6) 119(1.3) 13.1(1.5) 159(14) 17.6(1.5)
The SD values are shown in parentheses.
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157FA] &38| A Vehu b= 33 A3} Zh(mean color difference,
4B)y& A=) o] it Ak g2 =A) Al el TR =gt
Auja) 9] Azl wheh gl ah The ghe Mol ZgThP<0s)
(Tables 3-5). Xt 2| & 7He] 2127} A3 9} B3, A3 9} C3,B3 £} C3,
2] 31 A3 9} A4 Q1 735 ARG 719] BLE coping®] =
A AlH A A 2.7 o] k= YEFsEaL, B3 ©F Ad, C3 9} A4 | T %] A}
olo] it AAHgke B 71 Al Aol A 27 o] 312 Lheh
a2 itk 13 v Al 3} B2 shade ©] A th 2] &2 thE A th A 52
e A% 20| S HYIT) 58], Ad 9} B, A3 9} B2 At %] 7kl
L 1 A% o7} A o 2 A7) Vel THFig. 5).
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A4917) 9} £AFgE A)3<) A1) 29 laminate veneer S 4 213171
Al = A o AFAA] 2] A gl thit ofell, 71 3, =2
o) A 2 41852, 7 2 ¢ shade uide 9] 2 2.3} Prestor® &
T WellM AH AAA|eh 28k = A28 VR FEES
A#ahe o] A|He.2 Fasithn sglon AR 4
2E QG QAT 5 = AT A SH779) 2o
75+ Tt} Sorensen 2} Torres,” Saleski, 2] 31 Sproul** -2
Aol FAL, EAl, 3 Tl whet S ol L7

2= [e)
Foe

Table 3. Two-way ANOVA for mean 4 E values of laminate veneers on pair of abutment teeth specimens with different shades

DF Sum of Squares Mean Square F value Pr>F
Laminate veneer 5 26.87 5374 16.16 <05
Pair of abutment teeth 14 446.441 31.888 95.87 <05
Table 4. Tukey s HSD test for mean 4 E values of laminate veneer specimens
Tukey Grouping Mean N Laminate veneer AE
A 5.44 15 E01 12.0
A 4.56 15 ETC2
B A 453 15 ETCI
B A 443 15 ETC3 10.0 i
B 435 15 EO0C1 -
C 3.68 15 E03 X o
8.0 5
X e n ®
R g Mg * E03
6.0 el . . = EOC1
’ ¥ : v A ETCH
e & ; A2 0 . * EO1
, . . ° m = * ETC2
Table 5. Tukey s HSD test for mean 4 E values of pair of abutment teeth specimens 40 A g oo . . ETC3
ikey Groud Pair of ' S : - - -
*
Tukey Grouping Mean N abutment teeth 2.7 5 - -—
X
A 9.15 6 A4-B2 2.0 j—l 3
&
B 7.58 6 A3-B2 3 o %
C B 7.04 6 Al-A4
¢ D 6.19 6 B2-B3 0.0 L .
VR REN1) é}) > A S
C D E 5.97 6 B2-C3 fbﬁfﬁ)gggffg@fgff
F D E 538 6 AL-A3 > v
F D E >03 6 Al-B3 Fig. 5. Mean 4 E values of laminate veneer specimens on various abutment teeth
F E 497 6 Al-B2 .
specimens.
F G 438 6 Al-C3
G H 3.63 6 A4-C3
I H 3.01 6 A4-B3
J I 222 6 A3-C3
J 1.82 6 A3-A4
J 1.74 6 B3-C3
J 1.69 6 A3-B3
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38 it o] Ao M= FY 13 oA S40] o] Fo2]7]
W ol £A Al 5712 06 mm= 77 a9l

Laminate veneer ©] A| 2317 o] =2t gd o] a1, 77| 7} 235 ¥
7] W ol =Af ] FA, EA L] AR e At Adefol m
2} Al o] JokE = 4 Ak 20039 7 50 EHE A
o} glazingo] A }ol] v x| = o gkl il xRS 152
SIC paper 91 v} 5} glazing - 7H] CIEL*, a¥, b 4:%] 2] #po] &= 1}
EREA] e4ske |, 4E & A 7Fs3 AgAE YERA] %%k
T} i) o] A& oA 1000-grit SiC paper® I npHPH S

FEstokaL, FY sk glazingS Al sto] HF A zo) W]
D Fa FH sl

IPS Empress Esthetic® system 1] ZA}ol] A #]| A] &} laminate veneer
mgot«] H*—‘?ﬂéE‘; HW EOL,ETCL,ETC2, 18] L ETC3 7} H]
2l EEO]J— A3, E0C1-2 57 9]0, E03= 7}
o ‘i = Yehdth £ A4 3o A Tukey o5
& ‘?é(TlﬂﬁyHSthﬂ)q] of 3 =) Al o] M xE ] 2, A
3} Table 45 B E 01, ETCL, E TC2, E TC3 7} Group A, E OC1,
ETC1,ETC3 7} Group B, 28] 32 E 03 7} Group C 2 75 o] 3}
t}. Group A & =L R © = 71 Ta) Al H E©] 31, Group B
91 EOCI & 37t A 2o WFEH & GroupC 2] E03 &= SHe- ukE
WS YERW 7] wf ol A ZA el A AIA & 91 eF A o] e
A7Z JERAT

Azke] =5 UE = 4E gholl gt Mol = B2 A+
7} x1 8 =] o] Skt Seghi 525 Q17ke] A 747h2 F] 2 1%, o],
47 e Soll &l Al ghS wEx| Rk 27) 2] EA 2] AA}o] £ 9l
A he T8 v FobA] ofF AL Aato| = R 4 gl
35kt dE<1 Y wj = AMge] wo 2= A Apolof 8
& & glom 7AWl oA Rt A Zpo] & e
F U, 1<4E<2d v 5" A Z71] oJa]Ant o]

Pgatel, 4E>2 2w A8 1ol el E A Hole] 7
#o] /15532 AE 7to] 2 o]ajolw QAR 2 WolEe
whahtha B 2519 T O Brien S22 AE Lo] elste 254

rr ml

o2

| AR 7 R I R R e o “Hv‘f*Oﬂ Ao
58 7158 A3 ate AAsh 288 970N QA2 A
ko 5 9 & YeRdTE Douglas 572 77 Wil A]
AE 7ro] 2.69 o]+ W] 50%7} 1A & 4= 9l = Al gt B
3}t Johnston} Kao® = composite resin®] -7 U] 3+7 of A
4E 3ko] 3.7 osto|H 2| IH-g FEA R 3l 518 7Hs
hehan 219001, Ruytr 52 compusieresine] <10 2 -7}
53 AE 3233 o|3teta Bl E A g oA = 4B &
o] 27 o]5td W& A o =2 3 & b5t 7| Egho 2 At
ATk

AP A B = ghL¥)o] F AlZ} B2 shade 2| th %] o}= 1. 9]
o £A 1L &9 A5 e At S vl zetel 2 A
% #}o] 2 BT} £35] A4 9} B2, A3 9} B2, 18] 31 Al 7} A4 %]
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th 2] 7t &= 1 M 2 2}o) 71 At 2] 0. & Zit). o] &= IPS Empress
Esthetic® T=A] A|H E0] A 2 th& a* ¢} b* gha YEh = At
2] A.B, 712) 31 C shade 7h] A3 2po] &= Q1440 2 A& 7}
4 2p9] £ HolF 3 9ok B ZHLHS] Aol 7} ol
e A7 Ueke] SlolA oS i 58 A+ ol
laminate veneer®] WHETY = who 2 Ahw|ahE A& of Wk s
10}, o] 2% A% A Ao} vl 5] o vy S
slaslo} gk AR ET. AT AhAlofe] 4z Aol
A L* 3ke] 2po] 7} A] 942 A3,B3, 18] a1 C3 Ale], &2 A3 9}
A4 716l coping o] ¥VE ol Alglo] A3 gko] 27 o] 3
b sel g % 99l o] 2 & 2Bl o3k At 4
2] B3 A9 £3E etk 2 5 Iie

H=

=1

Ao A el M et 22 2 S Ao T U

1. Laminate veneer &= A AT ] 23 A %7} 7} =2 coping®] W
T B A A] A Zof] o] < ok kTt

2.L* §h(g ;)o] kel 7} o] v AT A] A 23t

Z3tol| = laminate
veneer & 1 20| & 2} 8= A o] A &HE] A Th

rr

it
rak

[ |
1=

[a—

Davis LG, Ashworth PD, Spriggs LS. Psychological effects of

aesthetic dental treatment. J Dent 1998;26:547-54.

2. Faunce FR, Myers DR. Laminate veneer restoration of per-
manent incisors. ] Am Dent Assoc 1976;93:790-2.

3. Helpin ML, Fleming JE. Laboratory technique for the laminate
veneer restoration. Pediatr Dent 1982;4:48-50.

4. Barreto MT, Shiu A, Renner RP. Anterior porcelain laminate
veneers: clinical and laboratory procedures. Quintessence Dent
Technol 1986;10:493-9.

5. Garber DA, Goldstein RE, Feinman RA. Porcelain Laminate
Veneers. Chicago, Quintessence Pub Co., 1988.

6. Fradeani M. Six-year follow-up with Empress veneers. Int J
Periodontics Restorative Dent 1998;18:216-25.

7. Belser UC, Magne P, Magne M. Ceramic laminate veneers:
continuous evolution of indications. J Esthet Dent 1997;9:
197-207.

8. Yaman P, Qazi SR, Dennison JB, Razzoog ME. Effect of
adding opaque porcelain on the final color of porcelain laminates.
J Prosthet Dent 1997;77:136-40.

9. Antonson SA, Anusavice KJ. Contrast ratio of veneering and core
ceramics as a function of thickness. Int J Prosthodont 2001;14:
316-20.

10. Vichi A, Ferrari M, Davidson CL. Influence of ceramic and ce-
ment thickness on the masking of various types of opaque
posts. J Prosthet Dent 2000;83:412-7.

11. Davis BK, Aquilino SA, Lund PS, Diaz-Amold AM, Denehy GE.

Colorimetric evaluation of the effect of porcelain opacity on the

resultant color of porcelain veneers. Int J Prosthodont 1992;5:

130-6.

CHEHR| Tt HS5(x] 2011 497 43

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Davis BK, Papcum LJ, Johnston WM. Effect of cement shade
on final shade of porcelain veneers. J Dent Res 1991;70:297
Abstract 250.

Davis BK, Scott JO, Johnston WM. Effect of porcelain shades
on final shade of porcelain veneers. J Dent Res 1991;70:475
Abstract 1671.

Simonsen RJ, Calamia JR. Tensile bond strength of etched
porcelain [abstract]. ] Dent Res 1983;62:297 Abstract 1099.
Calamia JR, Simonsen RJ, Effect of coupling agents on bond
strength of etched porcelain[abstract]. ] Dent Res 1984;63:179
Abstract 79.

Hasegawa A, Ikeda I, Kawaguchi S. Color and translucency of
in vivo natural central incisors. J Prosthet Dent 2000;83:418-23.
Kim HE, Cho IH, Lim JH, Lim HS. Shade analysis of anterior
teeth using digital shade analysis system. J Korean Acad
Prosthodont 2003;41:565-81.

Shimada K, Kakehashi Y, Matsumura H, Tanoue N. In vivo quan-
titative evaluation of tooth color with hand-held colorimeter and
custom template. J Prosthet Dent 2004;91:389-91.

Bolt RA, Bosch JJ, Coops JC. Influence of window size in
small-window colour measurement, particularly of teeth. Phys
Med Biol 1994;39:1133-42.

Wee AG, Monaghan P, Johnston WM. Variation in color between
intended matched shade and fabricated shade of dental porcelain.
J Prosthet Dent 2002;87:657-66.

Douglas RD, Steinhauer TJ, Wee AG. Intraoral determination of
the tolerance of dentists for perceptibility and acceptability of shade
mismatch. J Prosthet Dent 2007;97:200-8.

Seghi RR, Hewlett ER, Kim J. Visual and instrumental colori-
metric assessments of small color differences on translucent den-
tal porcelain. J] Dent Res 1989;68:1760-4.

Seghi RR, Johnston WM, O’ Brien WJ. Performance assessment
of colorimetric devices on dental porcelains. J Dent Res 1989;
68:1755-9.

O Brien WJ, Groh CL, Boenke KM. A new, small-color-difference
equation for dental shades. J Dent Res 1990;69:1762-4.
Johnston WM, Kao EC. Assessment of appearance match by
visual observation and clinical colorimetry. J Dent Res 1989;68:
819-22.

Preston JD. Current status of shade selection and color match-
ing. Quintessence Int 1985;16:47-58.

Sorensen JA, Torres TJ. Improved color matching of metal-ce-
ramic restorations. Part I: A systematic method for shade de-
termination. J Prosthet Dent 1987;58:133-9.

Sorensen JA, Torres TJ. Improved color matching of metal ce-
ramic restorations. Part II: Procedures for visual communication.
J Prosthet Dent 1987;58:669-77.

Saleski CG. Color, light, and shade matching. J Prosthet Dent
1972;27:263-8.

Sproull RC. Color matching in dentistry. I. The three-dimensional
nature of color. J Prosthet Dent 1973;29:416-24.

Sproull RC. Color matching in dentistry. II. Practical applications
of the organization of color. J Prosthet Dent 1973;29:556-66.
Sproull RC. Color matching in dentistry. 3. Color control. J Prosthet
Dent 1974;31:146-54.

. Macentee M, Lakowski R. Instrumental colour measurement of

313



ol - A7

Chekst IPS Empress Esthetic” ingot22 HizHst laminate veneer?| &|E MZof| chst 32

vital and extracted human teeth. J Oral Rehabil 1981;8:203-8.

34. Tung FF, Goldstein GR, Jang S, Hittelman E. The repeatability
of an intraoral dental colorimeter. J Prosthet Dent 2002;88:
585-90.

35. Paul S, Peter A, Pietrobon N, Himmerle CH. Visual and spec-
trophotometric shade analysis of human teeth. ] Dent Res 2002;
81:578-82.

36. Johnston WM, Hesse NS, Davis BK, Seghi RR. Analysis of edge-
losses in reflectance measurements of pigmented maxillofa-
cial elastomer. ] Dent Res 1996;75:752-60.

37. van der Burgt TP, ten Bosch JJ, Borsboom PC, Kortsmit WJ. A

314

38.

39.

40.

comparison of new and conventional methods for quantification
of tooth color. J Prosthet Dent 1990;63:155-62.

Brewer JD, Garlapo DA, Chipps EA, Tedesco LA. Clinical
discrimination between autoglazed and polished porcelain sur-
faces. J Prosthet Dent 1990,64:631-4.

Kim 1J, Lee YK, Lim BS, Kim CW. Effect of surface topogra-
phy on the color of dental porcelain. J Mater Sci Mater Med
2003;14:405-9.

Ruyter IE, Nilner K, Moller B. Color stability of dental composite
resin materials for crown and bridge veneers. Dent Mater 1987,
3:246-51.

CHStx|TtE HeE(R| 20114 497 42



ORIGINAL ARTICLE

Influencing factors on the final color of laminate veneer restorations with

various IPS Empress Esthetic® ingots

Mi-Seon Yang', DDS, MSD, Seok-Gyu Kim**, DDS, PhD
'Department of Prosthodontics, Graduate School of Clinical Dental Science, The Catholic University of Korea,
“Department of Prosthodontics, The Institute of Oral Health Science, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose: The purpose of this study was to colorimetrically evaluate the masking effect of different opacity of ingots on the final shade of TIPS Empress Esthetic® laminate veneer
restorations using the CIE L*a*b* system. Materials and methods: Six porcelain disks of IPS Empress Esthetic® system (translucency: E 01, E 03, E 0C-1, E TC-1, E TC-
2, E TC-3) were fabricated with 7 mm in diameter and 0.6 mm in thickness. Six extracted human incisors (shade: A1, A3, A4, B2, B3, C3) were used as the abutment spec-
imens. The incisors were prepared using a diamond wheel and made with a flat labial surface on the middle 1/3. For each combination of different shades of abutments and cop-
ings, the change in color was measured with a colorimeter. CIE L*a*b* coordinates were recorded for each specimen. Color differences (4 E) were calculated. Descriptive sta-
tistical analysis was done. Results: 4 E values were significantly affected by coping translucency and abutment shade (P<.05). The color differences (4 E) of laminate veneers
among abutments with A3, B3, C3, and A4 shade were mostly below 2.7 which was within the clinically acceptable range, while color differences between A4 and B2, A3 and
B2, and Al and A4 showed more than 2.7. Conclusion: The final color of IPS Empress Esthetic® laminate veneers were significantly influenced by translucency of the cop-
ing and shade of abutment teeth. The large value difference of abutment teeth limited the masking ability by laminate veneers. (J Korean Acad Prosthodont 2011,49:308-15)
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