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ABSTRACT

Objectives: The purpose of the study was to investigate the effect of CAD/CAM ceramic thickness on shade.

Methods: 24 disk-shaped ceramic specimens (E.Max CAD & Empress CAD, 12 mm x 12 mm) were prepared and divided into 4 groups
(n=6). Ceramic specimens in 2 thicknesses (0.8 mm, 1.0 mm) were made low translucency(LT) shade A2. All specimens were measured
as L*, a*, b* using spectrophotometer. The color differences(AE values) between the specimen and a control target block (12 x 12
% 1.2 mm) were calculated. Two-way ANOVA performed between 2 groups(material and thickness).

Results: As the thickness increased, the L* (for all groups) and b* value (for all groups) increased and the a* value(for LR group) decreased.
The mean color differences caused by thickness was acceptible (AE > 2) for group LD1. But the mean color differences by thickness
were not selected (AE < 2) for group LD2, LR1, LR2.

Conclusions: The different thickness can influence the final color of CAD/CAM ceramic.
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Fig. 1. Ceramic color
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IPS Empress CAD 0.8 mm(LR2)< 1.00+0.00, IPS
Empress CAD 1.2 mm(LR)2 122 YElich
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Table 1, Mean(SD) L*, a*, b* values of specimens
. Mean(SD)

Group N Thickness(mm) I b
LDI 6 0.8 66.31(0.31)" -1.99(0.05)" 8.09(0.14)
LD2 6 1.0 67.03(0.29)° -1.84(0.23)° 9.59(0.17)°
LRI 6 0.8 65.48(0.16)° -1.31(0.02)° 9.29(0.07)°
LR2 6 1.0 66.40(0.19)* -1.26(0.01)° 11.03(0.05)°
#hed—Grouping information with Tukey method

Table 2, Mean(SD) AL*, Aa* Ab* AE values of specimens

Mean(SD)

Group AL* Aa* Ab* AE
LDI -0.81(0.31) -0.31(0.04) -2.81(0.14) 2.95(0.05)
LD2 -0.08(0.29) -0.15(0.03) -1.31(0.17) 1.35(0.16)
LRI -2.30(0.16) 0.15(0.02) -3.63(0.07) 4.30(0.07)
LR2 -1.45(0.23) 0.20(0.01) -1.87(0.05) 2.38(0.17)
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Table 3. Results of a 2—way ANOVA for mean AE values of specimens(material and thickness) tested

Source Sum of Squares df Mean Square F p-value
Material 8.49 1 8.49 397.70 <0.001
Thickness 18.64 1 18.64 873.64 <0.001
Material*Thickness 0.14 1 0.14 9.34 0.006
Error 0.448 21 0.02
Total 208.25 24
R?=98.4%, R*(adjusted)=98.2%

4, A[He| Rzet FH7F Mol O|Xl= F& & 7HAAL Qli=dl Hlsh LD= 2R B53E ZojA 719

CAD/CAM Ajgte] Azel FAlo] wef Mzjof Zfo]7}
U=AE H7] 98 olefA] EAREAE AHAlsH
<Table 3>. FAFO] F2A o gt Levene?] AA
50| 04542 §o4F 0.05HL} 3P E SHEALS 7}
Ak ol Hufx] FAREA Ayt A=) FEk 397.70, #-2
g0 0,015} ZhouE Fo w2 Mol zjo|7} QJrka
E 4 9tk T ESE FZRE 873.640]1 §-oE&L 0.01
Hrt Zon@ =7 0.8 mme} 1.0 mm 7= Ae] 2ol
7 Qe B % olrk. Sl ARe) meRee Ao &
ot e Frhn 2 4 9k

h 84

o
8

4011
oZi Jo
i lo ©L

ook

Z w ot

Ot

BolA A8z CAD/ICAM Alte} Ajgs F7 e
opkA] ZL Aol Zofzt HAYRITH33). oot Ao]R <)
A I oAt HAT 4 9, oleldt oAk AF
A BEwS The 4 U Ik 1EER 2 AelAs
T gl kA Uehbs o) 2lols B Ba
.

Ao F77} S A4S CADICAM A2t Az o)
Apiglo] Leglo] Z718leA, Wit ol Aow v
S T<Table 1>. 53] LR27} LD13} H5=3h s LEhd
A0R Yeht 22 Fd o LDF0] LRoj| w3 §ke
7t e A o 5 wu} Ab*S B3 by A2t
Elo] A A7 gords ol BoAek ol
=7} gholdel wehd Ewal R o] Hold A
2 AR o] A3k Fal 2= 1.0 mm o9 TWM
HE FH3] A4S 243 4 doks 7Ms4S molR
ol Ay delr QA AxtE I o8 AW A7}
2EYs sl 7] uEolri34]. Whe] Aarghe
LDS} LR 1504 Aolgt Zolg Bt LD 152 %
AZE a8 o] Hoj § vls) LR 15 ¥ &
o7} gl Ao Ueliti<Table 2>, ol Al@o] %77}
9ol d4% a*zhe LR 8] vla) LD 1ge| wsklol
B A2 B 4 9tk ol LRo| Arele Pt 54

r°1'

Ao AZFEICH3S).
Sk W) S OBrien 52 AE7 10l549
Soli= RO APET 4 L, 2 of5Y Fol: ¢
Ao wolEeld ol 37 59 A9l
U Beros setsl FRE 4 Ut 71E GO A4S
t15]. & o)A LD 52 FA7F 02 mm &
AzE7E 1358 s AiE7tol] syt RS 4=
U= AAtel7] wizel AR Woled & Qs A
O<Table 2>. 21U FA7} 0.4 mm So}5H Mx}7} 2.95
2 HHw7tol sfiA= Mate] o] 7hsstr] uief o
Aoz dolsd 4= gle AR 36]. LR 152 7
7k 0.2 mm Eol5 wj My} 2382 i oR wolgd
S gAE Aaelpt RS L7l 268t A g
O SAEH3T). EFH FAA7F 04 mm FolSW AH7} 4302
2 oAk o ) goto 7 Bheds] JLESE 2 9= AEGIA|
W AL AR S I SSHER
SOITH3T]. of23t AvE Edjz 22 A2l stol A
=29} Tl whebA Ao] tharh= A2 & 4= ARk ol
ol Azt FAO whE oA EakdAe AlRYRE At
FrejehEo] 0.01H Tt 2A UebA FAel Amof uhe} M)
7F geinks A gelskgith
72 B3] A% CADICAM Aletee] 2% Az

7ol st ol 8 ol A o 4 3
I ARAETE SsRtere S 4= QLS v AR ¢
o, Alnlgel Fa3t Ae] S nefe
Alefalo 2 Aol gAjea SBgol ghuulo|E2 7
43 ol Aefels] A8 3] 2 sl A4
S UAT U ARl 858 92 < g Aol o
Aol BARE AmgTt vmA Aedcks BAVE gtk
webd gost AHSE 24 M slof AHATE Bt
power analysis”} I Q35}c}

2 ol
45

o [o o
u

mln
22

]_

IF

flL

T

ae

CADICAM AJeteje] o] uets] Al w7t o3
S gotr7] 93t IPS e.max CADE} IPS Empress CAD



e TFIEAE o83l A vt B2 2R

flo

1. IPS e.max CADE 7|2 A v]s] =47} 0.2 mm
o5 et MApE 25 A94al, 0.4 mm
= WA} 2mn Ak

2. IPS Empress CAD+= 7|& AJHo| H|3] FH47} 0.2
mm FolS® Bat A7} 26 71 04 mm )
W Ha AR} 4 oo SRt TIS] T
o % gl AR

3. IPS e.max CAD7} IPS Empress CAD©] H|5jA] A
A7k ek

ol Fofl M=} FAO] wheha] Ao] FE HIgITh
a#ug AdAtoA] IPS emax CADE AZ3E £EHELS &=
77} 0.4 mm, IPS Empress CADZ A|&3F £-EBEL L7
7} 0.2 mm o)} zfol7t U FUgt S AT 4= ¢l
ougE Egshs HTeEE] NS FdstaAt & gof=

FAE LEsfor dtth

References

1. Kelly JR, Nishimura I, Campbel SD. Ceramics in dentistry:
historical roots and current perspectives. J Prosthet Dent 1996;
75: 18-32. http://dx.doi.org/10.1016/s0022-3913(96)90413-
8.

2. Rosenstiel SF, Land MF, Fujimoto J. Contemporary fixed
prosthodontics. 4th ed., St Louis: Mosby; 2006: 774. http://dx.
doi.org/10.1111/j.1532-849x.2002.223 4.x.

3. Christensen GJ. Porcelain-fused-to-metal vs. nonmetal
crowns. J Am Dent Assoc 1999; 130: 409-411. http://dx.doi.
org/10.14219/jada.archive.1999.0211.

4. Denry IL. Recent advances in ceramics for dentistry. Crit
Rev Oral Biol Med 1996; 7: 134-43. http://dx.doi.org/10.
1177/1045441196007002020.

5. Miyazaki T, Hotta y, Kunii J, Kuriyama S, Tamaki Y. A
review of dental CAD/CAM: current status and future
perspectives from 20 years of experience. Dent Mater J 2009,
28(1): 44-56. http://dx.doi.org/10.4012/dm;.28.44.

6. Aboushelib MN, Jager Nd, Kleverlaan CJ, Feilzer Al.
Microtensile bond strength of different components of core
veneered all-ceramic restorations. Dent Mater 2005; 21:
984-91. http://dx.doi.org/10.1016/j.dental.2005.03.013.

7. Culp L, McLaren EA. Lithium Disilicate: The Restorative
Material of Multiple Options. Compend Contin Educ Dent
2010; 31: 716-25.

oy
Y

- BiOtA - ZIX|EH / CAD/CAM M2tale| /7t Mol il F&k » 699

8. Heffernan MJ, Aquilino SA, Diaz-Amold AM, Haselton DR,
Stanford CM, Vargas MA. Relative translucency of six
all-ceramic systems. Part I: core materials. The Journal of
prosthetic dentistry 2002; 88(1): 4-9. http://dx.doi.org/10.
1016/50022-3913(02)00040-9.

9. Teixeira EC, Piascik JR, Stoner BR, Thompson JY. Dynamic
fatigue and strength characterization of three ceramic
materials. Journal of Materials Science: Materials in Medicine
2007; 18(6): 1219-24. 10.1007/s10856-007-0131-4.

10. Holand W, Rheinberger V, Apel E, van’t Hoen C, Holand
M, Dommann A, Graf-Hausner U. Clinical applications of
glass-ceramics in dentistry. Journal of Materials Science:
Materials in Medicine 2006; 17(11): 1037-42. http://dx.doi.
org/10.1007/310856-006-0441-y.

11. McLaren EA, Cao PT. Ceramics in dentistry—part I: classes
of materials. Inside Dent 2009; 5: 94-104.

12. Guarda GB, Correr AB, Gongalves LS, Costa AR, Borges
GA, Sinhoreti MA, et al. Effects of surface treatments,
thermocycling, and cyclic loading on the bond strength of
a resin cement bonded to a lithium disilicate glass ceramic.
Oper Dent 2013; 38(2): 208-17. http://dx.doi.org/10.2341/
11-076-1.

13. Sproull RC. Color matching in dentistry. Part 1. The
three-dimensional nature of color. J Prosthet Dent 1973;
29: 416-24. 10.1067/mpr.2001.119827.

14. Swepston JH, Miller AW. 3rd. Esthetic matching. J Prosthet
Dent 1985; 54: 623-5. http://dx.doi.org/10.1016/0022-3913
(85)90234-3.

15. O’Brien WJ, Groh CL, Boenke KM. A new, small-color-
difference equation for dental shades. J Dent Res 1990;
69: 1762-4. http://dx.doi.org/10.1177/00220345900690111
001.

16. Barath VS, Faber FJ, Westland S, Niedermeier W.
Spectrophotometric Analysis of All-ceramic Materials and
Their Interaction with Luting Agents and Different
Backgrounds. Adv Dent Res 2003; 17(1): 55-60. http://dx.doi.
org/10.1177/154407370301700113.

17. Gomez Polo C, Gomez Polo M. Celemin Vinuela A, Martinez
Vazquez, De Parga JA. Differences between the human
eye and the spectrophotometer in the shade matching of
tooth colour. J Dent 2014; 42(6): 742-5. http://dx.doi.org/
10.1016/j.jdent.2013.10.006.

18. Celik G, Uludag B, Usumez A, Sahin V, Ozturk O, Goktug
G. The effect of repeated firing on the color of an all-ceramic
system with two different veneering porcelain shades. J
Prosthet Dent 2008; 99: 203-8. http://dx.doi.org/10.1016/
$0022-3913(08)60044-x.



700 e J Korean Soc Dent Hyg 2016; 16(5): 695—700

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Walter WS. Correction of single-beam sample absorption
error in a hemispherical 45°/0° spectrophotomter meaxurement
cavity. Color Res Appl 2013; 39(5): 436-41. http://dx.doi.org/
10.1002/col.21824.

Vichi A, Ferrari M, Davidson CL. Influence of ceramic
and cement thickness on the masking of various types of
opaque posts. J Prosthet Dent 2000; 83: 412-7. http://dx.doi.
org/10.1016/s0022-3913(00)70035-7.

Hannad IA, Stein RS. A qualitative study for the bond and
color of ceramometals. Part II. J Prosthet Dent 1991; 65:
169-79. http://dx.doi.org/10.1016/0022-3913(91)90158-s.
Tuncdemir AR, Dilber E, Kara HB, Ozturk N. The effects
of porcelain polishing techniques on the color and surface
texture of different porcelain systems. Mater Sci Appl 2012;
3: 294-300. http://dx.doi.org/10.4236/msa.2012.35043.
Yu B, Lee YK. Color difference of all-ceramic materials
by the change of illuminants. Am J Dent 2009; 22: 73-8.
Alma Dozic, Kleverlaan CJ, Meegdes M, Zel J, Feilzer
AlJ. The influence of porcelain layer thickness on the final
shade of ceramic restorations. J Prosthet Dent 2003; 90:
563-70. http://dx.doi.org/10.1016/50022-3913(03)00517-1.
Jorgenson MW, Goodkind RJ. Spectrophotometric study
of five porcelain shades relative to the dimensions of color,
porcelain thickness, and repeated firings. J Prosthet Dent
1979; 42: 96-105. http://dx.doi.org/10.1016/0022-3913(79)
90335-4.

Barghi N, Richardson JT. A study of various factors
influencing the shade of bonded porcelain. J Prosthet Dent
1978; 39: 282-4. http://dx.doi.org/10.1016/s0022-3913(78)
80096-1.

Barghi N. Color and galze : effects of repeated firings.
J Prosthet Dent 1982; 47: 393-5. http://dx.doi.org/10.1016/
$0022-3913(82)80088-7.

Zijp JR, Ten Bosch JJ, Groenhuis RAJ. HeNe-laser scattering
by human dental enamel. J Dent Res 1995; 74: 1891-8.
http://dx.doi.org/10.1177/00220345950740121301.

Ten Bosch 1J, Coops JC. Tooth color and reflectance as

30.

31.

32.

33.

34.

35.

36.

37.

related to light scattering and enamel hardness. J Dent Res
1995; 74: 374-80. http://dx.doi.org/10.1177/0022034595
0740011401.

Corciolani G, Vichi A, Louca C, Ferrari M. Influence of
layering thickness on the color parameters of a ceramic
system. Dent Mater 2010; 26(8): 737-42. http://dx.doi.org/
10.1016/j.dental.2010.03.018.

Son HJ, Kim WC, Jun SH, Kim YS, Ju S, Ahn JS. Influence
of dentin porcelain thickness on layered all-ceramic
restoration color. J Dent 2010; 38(2): €71-7. http://dx.doi.org/
10.1016/j.jdent.2010.08.007.

Nakamura T, Satio O, Fuyikawa J, Ishigaki S. Influence
of abutment substrate and ceramic thickness on the colour
of heat-pressed ceramic crown. J Oral Rehabil 2002; 29:
805-9. http://dx.doi.org/10.1046/j.1365-2842.2002.00919.x.
Della Bona A, Pecho OE, Ghinea R, Cardona JC, Pérez
MM. Colour parameters and shade correspondence of
CAD-CAM ceramic systems. J Dent 2015; 43: 726-34.
http://dx.doi.org/10.1016/j.jdent.2015.02.015.

Seong DH, Lee IG, Sohng JW, Bok WM, Ahn SG, Park
CW. The influence of porcelain layer thickness and color
on the final shade of ceramic restorations. J Korean Acad
Dent Health 2005; 43(5): 587-97. http://dx.doi.org/10.1016/
$0022-3913(03)00517-1.

Salameh Z, Tehini G, Norma Z, Ragab HA, Berberi A,
Aboushelib MN. Influence of ceramic color and translucency
on shade match of CAD/CAM porcelain veneers. Clinical
Research 2014; 9(1): 90-8.

Seghi RR, Hewlett ER, Kim J. Visual and instrumental
colorimetric assessments of small color differences on
translucent dental porcelain. J Dent Res 1989; 68: 1760-4.
http://dx.doi.org/10.1177/00220345890680120801.
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(4): 200-8.
http://dx.doi.org/10.1016/j.prosdent.2007.02.012.



