ORIGINAL ARTICLE https://doi.org/10.4047/jkap.2017.55.1.18

Coloring agent?t XI2ZL|0} MZE XYM O|X|= Hek

Effect of coloring agent on the color of zirconia

Kwanghyun Kim, Kwantae Noh, Ahran Pae, Yi-Hyung Woo, Hyeong-Seob Kim*
Department of Prosthodontics, School of Dentistry, Kyung Hee University, Seoul, Republic of Korea

Purpose: The aim of this study was to evaluate the effect of two types of coloring agents and the number of application on the color of zirconia. Materials and methods: Monolithic
zirconia specimens (15.7 mm X 15.7 mm X 2.0 mm) (n= 33) was prepared and divided into 11 groups. Each experimental group was coded as al-a5, wl-wS5 according to
the type of coloring agent and number of application. Specimens with no coloring agent applied were set as control group. The color difference of specimen was measured by
using double-beam spectrophotometer, and calculated color difference (4 E*ab), translucency parameter (TP). All data was analyzed with two-way ANOVA, multiple com-
parison Schéffe test, Pearson correlation and linear regression analysis. Results: As the number of application increased, values of CIE L* was decreased, but values of CIE
b* was increased in both coloring agents. However, there was no significant difference on values of translucency parameter. The color difference range of each group was 0.87
AE*i t09.43 4 E*b. Conclusion: In this study, type of coloring agent and the number of application did not affect the color difference of zirconia. (J Korean Acad Prosthodont
2017,55:18-25)
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pre-sintered zirconia block-2- 4 t+7] (IsoMet Low Speed Saw, Buehler,

Table 1. Materials used in this study

IL, USA)Z AH8-5Fe] 2 & 27] (170 mm X 170mm X 2.7 mm)

2 AT T 1000-grit SIC peper®. 7 2 mm T 2 FU 84 2
Aotk Al T = HFH 22 1.98 mmF-E] 2.09714] o
9= Yelit} Coloring agent= + Prettau color liquid A3; acid-
based coloring agent (Zirkonzahn GmbH, Gais, Italy)} Prettau color lig-
uid Aquarell A3; water-based coloring agent (Zirkonzahn GmbH, Gais,
Ttaly) 2 AF&-3FATH (Table 1). 34 Ul 2 44 2(No. 156,
Hwahong, Hwasung-Si, Gyunggi-Do, Korea)2- A}-8-5}o] 2] 251
o} Al el vt2 3 ofm 3t o] Fo] A r}akA] a A A=
Sfef 22 41 1ol 1@ WA g apsle) 2 A

&1} 150 2 coloringagente] 79 48 51 -0]] whe} e
AT} (Table 2). th -2 coloring agentS =¥ 3HA| F-2 A|HO 2
Group O2.2 &3} th

BEEAHEL 22730} H-E A3}E(Zirkonofen 600,
Zirkozahn GimbH, Gais, ialy)ol| A 7] 2412 2] o] w2} c}-&-<] 7}
3} o] AT 1450 C7HA] 3AI3t B 225 &AL,
1450°C el A 241 7F E<F frAl gk -, 3A13E B9k A 8] A3k
(Fig 1,Fig 2). 228 F 57 2k 20% F =31 om, Al €] 27]
< HA1E HY o] 78 2] % (Digimicro ME-50HA, Nikon Corp,, Tokyo,
Japan) 2 =% 5191 2 7 15.7mm (W) X 15.7mm (L)

Material Brand name Batch No. Manufacture
Monolithic zirconia Prettau ZB3003C Zirkonzahn GmbH, Gais, Italy
Coloring liquid Color Liquid Prettau (A3 shade) CB4044 Zirkonzahn GmbH, Gais, Italy
Color Liquid Prettau Aquarell (A3 shade) CB4256 Zirkonzahn GmbH, Gais, Italy
Table 2. Experimental groups
Group Number of application Coloring agent type Group Number of application Coloring agent type
al 1 acid-based wl 1 water-based
a2 2 acid-based w2 2 water-based
a3 3 acid-based w3 3 water-based
a4 4 acid-based w4 4 water-based
a5 5 acid-based w5 5 water-based

Control group was set as O (no coloring agent applied)

Fig. 1. Specimens applied with acid-based coloring agent.
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Fig. 2. Specimens applied with water-based coloring agent.
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TP = [(Lis - L} + (3 - ) + (b - bw)?] 2

TPZko] 0] 2 &= EFH S Al dd 71taL, #kol 27
= T gk Al Ao &3t

3. A=A

3 e FAA F98s AF5H7] $l5ko] SPSS
Version 21.0 for WIN (SPSS Inc., Chicago, IL, USA)S- o] -&-3}31t}
Shapiro Wilk 3 774 7175 2 Levene ©] S22 717 A} vlo]
B 7} R E4 2 el o] o] 2AHEA] (Two-way ANOVA)
3} T3 Schéfle B ~E S Al B3t Tt 2 1 5-2] CIE L*a*b*
93} coloring agente] %5 51 2 & 215-51e] 7 2 9417
]3] Pearson 434 243 19 8171 24 & A5l

Table 3. Means and standard deviations in parentheses for CIE L*, a* and b*
values of each group over the black background

Zn

7+ Al 9] MA3E Fh-2 reflectance modeol| A Z}7] 74 -S4 1}
) o] w7 kol A CIEL*, %, b+ 2 31 A3k glo| o} 24 @
Ashe) Bt s EEAAES 6193 o] 2 Table 3, Table4o]] % 2]
st

CIE L*+= acid-based coloring agent} water-based coloring agent &
% 4§35 271855 27 dAsdeh CEbE 46
557} 371845 5317k Sk e (Fig 3, Fig 4. Fig 5. Fig 6).
Coloring agente)] 7§ 3157} 3748145 1 Aol 4 Ligo]
Aaehe AL WEA d2aThe AE olulaha bate] 37}
SFhE AL BE Al =3 Ao] Frhethe A
om gt} A& 7t 7k a* kel 5718 vEbi e 74
5 7] Afo] = f-o) kgl -2 o1 21 31 coloring agento]]
O3 o] gk ato] = WehA] 943ttt (Fig. 7, Fig. 8).

CIE L*a*b* gtell o gt coloring agento} 2] -5l =9}2] #7| = o]
PEAHEE 0 2 B3t 3 11 2 7} Table 5, Table 6, Table 791 1+
BRIk CEL*gto] th a4 = colorngagenti= 9] 572 415]
31 A (Pvalue = 204) 2 § 315 7] 55 o] SHATHP<.05).
wheba] 2] 254 o} A9 €] 7 = coloring agent®] F-F-H. 0=
7 831500] 9 B = 71 © 2 A E A, Coloringagents] £
5h A 4350 4o U BAL f9 5% ofsteln
= do] glvkal & & glT} (Table 5).

CIEa*9} CIEb* 3 coloring agente] ] & 51429} 55 w57
o) o] B 0.1 (P< 05), ThebA] 24554, 4.4 o]
% o] & coloringagent] 794 4 & 3 5ol G W
2 PR A § 359 7o) FEABY ] 0l 2
FOI5ES Yo ] WFel 7 WS BE 594
A 23 o}e] 40 9L ] = 20 2 B4 | 9iTh (Table
6, Table 7).

o 1

Table 4. Means and standard deviations in parentheses for CIE L*, a* and b*
values of each group over the white background

L* a* b L* a* b* L* a* b* L* a* b*
0 6712 -163 -434 0 612 -163 434 0 6863 -1.62 -351 0 6863 -162 351
031)  (0.05)  (0.09) 031)  (0.05)  (0.09) 025  (0.03) (0.07) 025 (0.03) (0.07)
al 6636 -168 334  wl 6657 224 034 al 6769 -167 230  wl 6736 218 022
0.08)  (0.03)  (0.06) 046)  (0.04) (0.22) 0.13)  (0.03) (0.07) 055 (0.08) (0.36)
a2 6556 -164 14 w2 6579 226 114 a2 6596 -137 034 w2 6679 205 287
054)  (0.03)  (0.06) 0.13)  (0.04)  (0.06) 0.04)  (0.03) (0.13) 022) (007) (0.27)
a3 6453  -156  -126 w3 6440 215 278 a3 6343 -126 235 w3 6524 200 332
029) (0.03) (0.16) 051)  (0.06) (0.17) 030)  (0.14)  (0.05) 027)  (0.13)  (0.18)
ad 6395 -141 110 w4 6384 215 344 ad 6282 -106 243 wd 6402 -196 481
041)  (0.06) (027) (1.19)  (0.03) (0.53) 0.60) (0.17)  (0.76) 0.67) (0.06) (0.38)
a5 6337 -138 276 w5 6261 214 393 a5 6406 096 380 w5 6326 -190 495
048)  (0.03)  (0.16) 056)  (0.04)  (0.08) 0.10)  (0.06) (0.18) 059) (0.04) (0.11)
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Fig. 3. Linear regression of CIE L* values over black background in the Fig. 4. Linear regression of CIE L* values over black background in the
reflectance mode as function of the number of acid-based coloring liquid applications. reflectance mode as function of number of water-based coloring liquid appli-
cation.
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Fig. 5. Linear regression of CIE b* values over black background in the reflectance Fig. 6. Linear regression of CIE b* values over black background in the reflectance
mode as function of the number of acid-based coloring liquid applications. mode as function of the number of water-based coloring liquid applications.
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Fig. 7. Linear regression of CIE a* values over black background in the reflectance Fig. 8. Linear regression of CIE a* values over black background in reflectance
mode as function of the number of acid-based coloring liquid applications. mode as function of number of water-based coloring liquid applications.
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Table 5. Relation between coloring agent and number of application in CIE L*

Source df Mean square F P value
Agent 1 0.488 1.631 204
Group 4 57.662 192.543 .000
Agent * Group 4 1.191 3.976 .004
Table 6. Relation between coloring agent and number of application in CIE a*
Source df Mean square F Pvalue
Agent 1 16.028 9074.139 .000
Group 4 0.255 144.461 .000
Agent * Group 4 0.060 34.065 .000
Table 7. Relation between coloring agent and number of application in CIE b*
Source df Mean square F P value
Agent 1 257.069 5138.217 .000
Group 4 123.305 2464.590 .000
Agent * Group 4 8.171 163.324 .000
Table 8. Color differences between each group ( 4 Eab)
O-al 1.26 O-wl 4.08 al-wl 3.06 ad-wl 3.1
0O-a2 333 O-w2 5.67 al-w2 4.55 ad-w2 2.03
0-a3 4.02 O-w3 7.64 al-w3 6.44 ad-w3 1.89
O-a4 6.3 O-w4 8.46 al-w4 725 ad-w4 246
0-a5 8.03 O-w5 943 al-w5 8.19 ad-w5 322
al-a2 2.1 wl-w2 1.67 a2-wl 1.58 aS-wl 4.54
al-a3 277 wl-w3 3.8 a2-w2 2.62 aS-w2 3.04
al-a4 5.06 wl-w4 4.66 a2-w3 437 aS-w3 1.29
al-a5 6.8 wl-w5 5.82 a2-w4 5.16 aS-w4 1.13
a2-a3 1.04 w2-w3 2.15 a2-w5 6.11 aS-w5 1.59
a2-a4 298 w2-w4 3.02 a3-wl 234
a2-a5 471 w2-w5 423 a3-w2 28
a3-a4 243 w3-w4 0.87 a3-w3 4.08
a3-a5 4.19 w3-w5 2.13 a3-w4 4.79
ad-a$ 1.76 wa-w5 132 a3-w5 5.56

Table 9. Means and standard deviations in parentheses for translucency parameter

of each group
Group Mean SD
(0] 1.55 0.59)
al 1.43 0.14)
a2 0.84 0.13)
a3 722 0.69)
a4 226 (347
a5 0.95 0.29)
wl 0.89 (1.51)
w2 2.08 0.42)
w3 0.58 (0.34)
w4 295 0.71)
w5 1.28 0.74)
22

7} = 0.870] 4] 943 AEws ¢} (Table 8).
Eaglol 714 3£ :% e WA ol glont 1 2 2%
H| 3]

o

3 4 Aot 5o 48 Jeide
0.2 folaA otk

= coloring agent®] TP #42] ¥ vt} ¥ 2}= Table 9ol Y}
WA BAIA 0.2 frof g 2ho] & YERl A] F3kTH(P> .05).

7} coloring agent©] ] -§- 31470 tfl  CIEL*, a* b*<] /37|
£ =4 5}F5}3] H 7 coloring agentol] 4| B4+ 2 -§- 314=9} CIEL*
I} b*e] ko ”447417} A om, Lx& A& S57t S+
TE 745K 1, b 718 T} (Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig,
7, Fig. §).
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