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Fig. 1 The Vitapan® 3D—master shade guide used in this study (batch number,

B360AE; VITA Zahnfabrik, Badsickingen, Germany) ««reesrerrrreeesaeeeees 7

Fig. 2 VITA Easyshade® (VITA Zahnfabrik, Badsickingen, Germany) =-=======+=-- 7

Fig. 3 Chromameter for measuring the luminous intensity and the color

temperature (CL—200, Minolta Corporation, Osaka, Japan) =-==«eeerreeeeeees 3
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27 wow 7R 200 (FE 1d ol EAEN AFoAr 109, A
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Table 1. The participants in this study (2 groups)

Age Gender
Group
Range Mean Male Female
Dental students 25~29 26.4 6 4
Prosthodontists 27~31 28.8 6 4
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Fig. 1 The Vitapan® 3D—master shade guide used in this study
(batch number, B360AE; VITA Zahnfabrik, Badsackingen, Germany)

Fig. 2 VITA Easyshade® (VITA Zahnfabrik, Badsickingen, Germany)
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A zo]l 4000K (+25), 5500K(+25)Q F =gl Z7to|A] A& 35He)
ok Zdolu AR A &3] AME-E= WA 35 (CIE F9, F11) 9] A2%7}

4100~4150Ke)| =& o] ¢} H]5=3F 4000K (£25) 8] ML 7ix= Fdzp M

il

% AuA) olaHoleli AEE 5500K9 ALEE AT BAS Adaid,
Zwo] glo] Ado] Solex g A £WW Jx Frhlq AP Aal

ck 7 7 BF BT & 900~1000lux® FA ATk v o @ Abeiet A

52
o

chromameter CL—200(Minolta Corporation, Osaka, Japan)< ©¢]&3}%

(Fig. 3).

MINSLTA

Fig. 3 Chromameter for measuring the luminous intensity and the color

temperature (CL—200, Minolta Corporation, Osaka, Japan)



3) & T A=
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B JFo|AE A8 batch number?! 24 E S Vitapan® 3D—master

shade guide (batch number, B360AE; VITA Zahnfabrik, Badsickingen,

FolE ol gl 7T AT FEE 9] & sk ¢ I A A
P S0l nE Itk wjAMo g E 7o) gElo] glE 3 A
A (neutral gray color panel) & ©|-&3Fth. Mx HEAl 10x o] FAlsH

S A% e Mz Q8 R A oF sgel g0 &

Aozl wel Awateith. @A) 1Al wet Aol thAl A4 & 9l

om oA ow AR 30~50em A% "ol Aol 4zE A
S st o1

O A= Aol W& v 58 A

(LY gko] B]523kal(1.02< 4L <1.46), A% (Chroma, C'ab) #kol =F
o]7} vz 5709 §& AMEste] 3719 ME a, b, c(Table 2~4) 5 W&, 5
M & Foll FALE s e MxE AEUst & tE MECA Fdd Ax

NS APANA AASL B S LEES S



@ BT Ao WE A 8y A3
2} &= (Chroma, C'ab)#ke] B]<=3F11(1.01< 4C'ab <1.73), HWE (L") gko]
ZFol7F U= 5719 'S AEste] 3709 AE d, e, {(Table 5~7)% "=

571 B Foll FALAR & e MxE AEd & oE MECA A

=

Z W dPAelA Arsta g2 e LEES S

AN Az W3 @A AGE Az 9 e ARG ANt AL

&

Ptk cls 5o AE adllA A7 2R2.5 MRS A=t d5=
2Egl A9 Ak (gE) o] 02® 04, AT 2M2E Aus A9+ Aakg
(4E)°] 2.8012% 284 0% ALedvt. Aygts st Mex, wdk

a0 wet §o3k xpo) 7t Q=x] ol gh},

Table 2. Chroma(C*ab) varying set for discriminating 2R2.5(a)

Shade Cab L AE
2M1 13.57 78.63 9.3
2R15 16.95 78.2 6.3
2M2 20.29 78.9 2.8
2R2.5 23.32 78.52 0
2M3 25.75 79.22 3.0

10



Table 3. Chroma(C*ab) varying set for discriminating 3M1 (b)

Shade C'ab L AJE
3M1 14.88 72.28 0
3R1.5 17.45 7247 31
3M2 21.59 73.74 6.9
3R2.5 26.05 72.28 111
3M3 27.99 73.09 13.2

Table 4. Chroma(C*ab) varying set for discriminating 41.1.5(c)

Shade Cab L AJE
4M1 17.26 67.61 3.6
4L1.5 21.36 68.83 0
4M2 23.89 68.27 2.7
4R2.5 26.81 67.53 57
4M3 323 67.91 8.9

Table 5. Lightness (L") varying set for discriminating 2L.1.5(d)

Shade L' C'ab AJE
1M2 79.96 16.97 2.5
2R1.5 78.2 16.95 16
2L1.5 76.96 16.44 0
3R1.5 72.47 17.45 57
4M1 67.61 17.26 9.1

11



Table 6. Lightness (L") varying set for discriminating 4R1.5(e)

Shade L’ Cab 4JE
2M2 79.36 20.29 114
3M2 73.74 21.59 5.8
3L1.5 71.71 19.76 43
4R1.5 68.37 20.78 0
5M1 63.96 20.46 5.6

Table 7. Lightness (L") varying set for discriminating 5M2 (f)

Shade L Cab AE
2M3 78.8 2591 16.3
3M3 74.07 27.06 10.9
3R2.5 72.28 26.05 9.1
4R2.5 67.53 26.81 4.2
5M2 64.46 27.58 0

A

e
1z

4) BA A

SPSS V. 12.0(SPSS Inc., Chicago, Illinois, USA) &4 T2 73S o] &

stol, g9 ALw U

T 7lE SAZFEEA

’

oA w4 S A

Sl }E F5 Aol



F94e AAs] Y&l paired t—testE, HHEEC wWE Aol F94
= AA37] 98l independent t—testE, 2 MFEHEH=E M2 T ol = o

w2 A 2ol FoA S A7) 98 repeated—measures analysis of
variance (ANOVA) & ©] 8331 2™ Bonferroni AF-HAsIA. 2o &

@ =0.062 3t}
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I11. 43

1. 482 717 54 23

VITA Easyshade®(VITA Zahnfabrik, Badsickingen, Germany) = A&
3t 593k batch number?! 2AE2] Vitapan® 3D—master shade guideZ
1Al A% A= Table 83 ).

AAA AE elA Az ] ko] MAgH(JE) & AlAtete], A9 dabak

< AbEskEd o] &3kt (Table 9).

Sezkel HlSEATE MARS o] &ato] HMSk=H Slo] #A MRk
of W Mz AE A= vy ZtH(Table 10, 11).
TR AvE™ 4000KE Fdeteld AA Ht HAee 1.61*
2.04% RAI} AFAEY] Ht e 1.67+1.88, AFs Y] 3
o A 1.56E2.2013, 5500K9] FdstelA AAl H e 1.33*

1.68%2 WAHI} Aortae] Hd HAoge 1.011.49, A 3ofst st 4

14



7 AFE 1.66+1.880t}. Paired t—test A3 4% 5%14 4000K 2}
5500K 9] AMew z7le wE BA4 foat= ¢th(p=0.398) (Table 8).
Szl A AR A Ho AgE 1.33F1.730%
4000K®lA 1.67*1.88, 5500KelA 1.0+1.4990|t}. X z}efst A9 dA
A A5 1.6112.042 4000KeA 1.56+2.2, 5500K4 1.66+1.889]
t}. Independent t—test A3} F4F 5%l HAI XA X] I
g sHT e el wE A4 frolabs At (p=0.221) (Table 14).
Mz AEHE AvRd W 28 ZAHE A E go|4 4000K &<
A H AAFE 1.59+1.7901%9109 7 1FEE XHfst st 1.21E
2.16, A} A A2 1.961+1.359] 3t} 5000KANA A it Mgk
2.42+1.46, A Fost SPE 2.87+1.49, A} AFHAREES 1.96+1.35
olth WE7F 47 BEAEHE AE colA 4000KelA HAl H Mgk
1.13+1.601%le™ 7zt JFEE AR 8T 0.951.47, BEH X7}
AR 1.35%1.76°] 1 th. 5000KeNA AA| H Mgk 1.4+1.76, 2|70
gF sHAS 1.71+£1.82, A X FHJASS 1.08+£2.550] T
ZF MEME Az e 5ol ozt QlEA AAs A HAY TAE
F=9.4400]3 2 gEo] 00022 FoFF 5% FAASE Fost at
o]E H AT Bonferroni AF7AA A 3M1S A3 AE bollA tE &

= AEe] sl fFelg AfolE HATH(p<.05).

15



Table 8. The mean measurements of lightness(CIE L"), chroma(C";, ),
hue angle, and CIE a* and b* of each tabs from two Vitapan® 3D—Master
shade guides and color difference (JE) between two Vitapan® 3D—Master
shade guide tabs

Shade| L chroma hue a b L  Chroma hue a b AE
1M1 | 80.04 11.47 88.87 022 1157|8185 1168 8889 0.21 1173 | 1.82
1M2 | 7996 16.97 9046 -0.14 1593|8204 1775 90.27 -0.08 17.75| 2.76
2115 | 7759 16.58 8951 016 16.58 | 7696 1644 8986 0.04 1644 | 0.66
2125|7895 2285 90.5 -0.21 2285|7808 2211 9051 -02 2211 | 114
2M1 | 78.63 13.57 86.4 0.85 1356 | 7842 1353 8646 0.82 1352 0.22
2M2 | 79.36 20.29 87.21 0.99 2027 | 789 196 8753 0.79 19.58 | 0.85
2M3 | 79.22 2575 8786 097 2572 | 788 2591 8836 0.74 259 | 0.51
2R1.5 | 78.42 16.6 84.83 15 1654 | 782 16.95 85 147 16.89| 041
2R25| 7832 2287 8646 141 2284|7852 2332 861 158 2324| 048
3L15 | 7171 19.76 87.1 134 1973|7173 1913 8562 147 19.07| 067
3L25 | 7271 25.36 8591 179 2533|7119 2301 86.77 13 2299 | 283
3M1 | 7228 14.88 83.44 17 1479|7303 1537 8333 179 1523 | 087
3M2 | 73.74 21.59 84.62 202 2149|7423 2303 8441 224 2291 | 152
3M3 | 7407 27.99 8456 246 2788|7309 2706 8553 211 2699 | 137
3R1.5 | 7255 17.89 814 268 1769|7247 1745 816 255 1727 | 045
3R2.5 | 7228 26.05 8332 3.04 2585|7139 2399 8366 265 2385| 222
4115 | 68.83 21.36 83.21 252 212 | 6938 219 8329 258 2181 | 0.82
4125 | 67.87 28.87 84.3 287 2871|6795 3001 8423 3.01 2985]| 115
4M1 | 6893 17.67 80.65 29 1759|6761 1726 8073 278 17.02| 144
4M2 | 68.27 23.89 8163 347 2362|6854 242 8173 349 2395| 043
4M3 | 67.75 29.16 8233 403 2989|6791 323 8222 437 32 214
4R1.5 | 6837 20.78 7393 399 2039|6875 2081 7887 4.01 2041 0.38
4R2.5| 67.53 26.81 8046 443 2643|6818 2743 8028 462 27.03| 0.90
5M1 63 19.06 7772 405 1865|6396 2046 7745 444 1999 | 169
5M2 | 63.65 27.97 7842 562 274 | 6446 2758 7852 549 27.02| 0.90
5M3 | 64.27 36.85 7882 715 36.14|6503 3717 7911 721 3748 | 154

16



Table 9. Color differences(A4E) between each pair of shade tabs

1M2|2L1.5[2L2.5[2M1[2M2|2M3|2R1.5[2R2.5(3L1.5[3L.2.5[3M1|3M2|3M3|3R1.5(3R2.5|4L1.54L2.5|4M1| 4M2 [ 4AM3 |4R1.5[4R2.5|5M1|5M2(5M3
IM1|44|56(113|25|88|14.2| 54 |115|11.7(157|85|119(17.5 10 |165| 15 |21.2|129(17.2|224(151|19.9|18.8|23.4| 30
M2 25170(29(45(99(23|73]92(120(80(86(136| 81 |129(126|17.8(11.6(14.5|19.0(13.1|16.9|17.7(20.8|26.6
2L15 64133|42(93| 16|64 |68|102(58|6.5|121| 57 |11.1(10.2(158|91|121(17.0|10.7|14.7(15.2|18.5|24.7
2125 94129|31|66|17(80|70]|106(/58|75| 87 (80]106(|129(11.7|11.3|139(11.6|128|17.0{17.0({21.1
2M1 6.812.2| 31 |93 |93 (1322|6594 |151| 76 {140|125(187|10.7| 147 [ 199|127 |17.4 |16.7|20.9(27.5
2M2 5539|128 (77|84[90(58|94]|75|92|10.7|144(109|11.8 (154|114 |13.8|16.7|17.9(22.7
2M3 92 (30 (96|66 (130|/70|58|106( 72 |114(11.9(133|114|126|125|12.2(18.0(|16.3(19.2
2R1.5 63|74 |105|64 |68 (122 61 |11.3(10.7|16.2( 9.7 (125|173 |11.0|15.0|15.8(18.8|24.8
2R2.5 73|61|101(48 (67|78 |69 (97 |121({10.9(10.3|13.0(10.6|11.8|16.1{15.9|20.2
3L15 57|50(28(86|26|64 (34993856 (11243 |85 |92(11.9(189
3L25 105/40)3.0| 77 (14|57 [60|87]|50|71]69]59120|10.1(147
3M1 6.9(132| 31 (111| 73 |146( 45| 99 |159| 7.2 |129|10.3|15.8(23.4
3M2 64|40 (47|49 (93|63 60 [105| 58 | 83 [113|12.2(18.2
3M3 103| 28 [ 85| 63 [11.5( 73 | 6.8 | 9.5 | 7.0 |14.5(10.9|13.6
3R1.5 82|49 (119|33| 72 |131| 49 |[10.1] 94 |13.3|206
3R2.5 58 |53(89|46|62|68]|50(11.8{91]137
4115 7636|2789 |17 |57 |65|87(163
4125 112| 51 | 17 | 84 | 28 |11.2|52|93
4M1 61 |124] 31 (91|61 (115|196
amM2 63 ]33|31(73|63(136
4mM3 95|35 (1225178
4R1.5 6.1 |56 (86166
4R2.5 9.0 |4.2|106
5M1 89178
5M2 8.9
5M3

17




Table 10. Selected shade tabs and the color difference(4E) between

presented and selected shade tabs

in both color temperatures in

prosthodontists
Color Selected shade tabs (JE)
temperature a b C d e f

4000K 2M2(2.8) 3M1(0) 4M1(3.6) 1M2(2.5) 5M1(5.6) 5M2(0)
2M2(2.8) 3M1(0) 4M1(3.6) 1M2(2.5) 3M2(5.8) 4R2.54.2)
2M2(2.8) 3M1(0) 4M1(3.6) 1M2(2.5) 3M2(5.8) 4R2.5(4.2)
2R2.5(0) 3M1(0) 411.5(0) 2L1.5(0) 4R1.5(0) 4R2.5(4.2)
2M2(2.8)  3M1(0) 411.5(0) 2L1.5(0) 4R1.5(0) 5M2(0)
2R2.5(0) 3M1(0) 4L1.5(0) 1M2(2.5) 4R1.5(0) 5M2(0)
2R2.5(0) 3M1(0) 411.5(0) 2L1.5(0) 4R1.5(0) 4R2.5(4.2)
2M2(2.8) 3R1.5(3.1) 4L1.5(0) 1M2(2.5) 4R1.5(0) 4R2.5(4.2)
2M2(2.8)  3M1(0) 4M2(2.7) 1M2(2.5) 3L1.5(4.3) 4R2.5(4.2)
2M2(2.8)  3M1(0) 4L1.5(0) 1M2(2.5) 4R1.5(0) 5M2(0)

5000K 2R2.5(0) 3M1(0) 4L1.5(00) 1M2(2.5) 4R1.5(0) 5M2(0)
2M2(2.8)  3M1(0) 4L1.5(0) 1M2(2.5) 4R1.5(0) 5M2(0)
2M2(2.8) 3M1(0) 4M1(3.6) 2L1.5(0) 4R1.5(0) 5M2(0)
2M2(2.8)  3M1(0) 4L1.5(0) 1M2(2.5) 4R1.5(0) 5M2(0)
2R2.5(0) 3M1(0) 4L1.5(0) 1M2(2.5) 4R1.5(0) 5M2(0)
2M2(2.8)  3M1(0) 411.5(0) 1M2(2.5) 4R1.5(0) 4R2.5(4.2)
2M2(2.8) 3M1(0) 4M1(3.6) 2L1.5(0) 4R1.5(0) 5M2(0)
2R2.5(0) 3M1(0) 4L1.5(0) 1M2(2.5) 4R1.5(0) 5M2(0)
2M2(2.8) 3M1(0) 4M1(3.6) 1M2(2.5) 4R1.5(0) 5M2(0)
2M2(2.8)  3M1(0) 4L1.5(00) 1M2(2.5) 5M1(5.6) 5M2(0)
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Table 11. Selected shade tabs and color difference(4E) between
presented and selected shade tabs in both color temperatures in dental

students.
Color Selected shade tabs (ZE)
temperature a b C d e f
4000K 2R2.5(0) 3M1(0) 4L1.5(0) 2L1.5(0) 4R1.5(0) 5M2(0)

2R2.5(0) 3M1(0) 4L15(0) 1M2(2.5) 3M2(5.8) 4R2.5(4.2)
2R2.5(0) 3M1(0) 4L1.5(0) 2R1.5(1.6) 4R1.5(0) 5M2(0)
2R2.5(0) 3M1(0) 4L1.5(0) 2L1.5(0) 3M2(5.8) 4R2.5(4.2)
2R2.5(0) 3M1(0) 4M2(2.7) 1M2(2.5) 4R1.5(0) 4R2.5(4.2)
2R2.5(0) 3M1(0) 4L1.5(0) 1M2(2.5) 4R1.5(0) 5M2(0)
2R1.5(6.3) 3M1(0) 4L1.5(0) 4M1(9.1) 3L1.5(4.3) 4R2.5(4.2)
2M3(3.0) 3M1(0) 4L15(00) 1M2(2.5) 4R1.5(0) 4R2.54.2)
2R2.5(0) 3M1(0) 4M2(2.7) 1M2(2.5) 4R1.5(0) 5M2(0)

2M2(2.8) 3M1(0) 4M1(3.6) 1M2(2.55) 3M2(5.8) 4R2.5(4.2)

5000K 2M2(2.8) 3M1(0) 4M1(3.6)  2L1.5(0) 5M1(5.6) 5M2(0)
2M2(2.8) 3M1(0) 4L1.5(0) 1IM2(2.5) 4R1.5(0)  4R2.5(4.2)
2R2.5(0) 3M1(0) 4M1(3.6) 2L1.5(0) 4R1.5(0) 4R2.54.2)
2M2(2.8) 3M1(0) 4L1.5(00) 1M2(2.5) 4R1.5(0) 4R2.54.2)
2M2(2.8) 3M1(0) 4M1(3.6) 1M2(2.5) 4R1.5(0) 4R2.54.2)
2M2(2.8) 3M1(0) 4M2(2.7) 1M2(2.5) 4R1.5(0) 5M2(0)
2M2(2.8) 3M1(0) 4L1.5(0) 1M2(2.5) 4R1.5(0)  4R2.5(4.2)
2R1.5(6.3) 3M1(0) 4L1.5(0) 2L1.5(0) 4R1.5(0) 5M2(0)
2M2(2.8) 3M1(0) 4L1.5(0) 1M2(2.5) 5M1(5.6) 5M2(0)

2M2(2.8) 3M1(0) 4M1(3.6) 1M2(2.5) 4R1.5(0) 4R2.54.2)
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Table 12. Mean and SD of calculated scores in both color temperatures
and groups

_ Colortemperature ~ Groun ~ Shade = Mean  SD

4000K Prosthodontists a 1.96 1.35

b 0.31 0.98

C 1.35 1.76

d 1.75 121

e 215 2381

f 2.52 217

Total 1.67 1.88

Dental students a 121 2.15
b 0 0

C 0.90 1.50

d 2.57 251

e 217 2.83

f 2.52 2.17

Total 1.56 2.20

5500K Prosthodontists a 1.96 1.35
b 0 0

C 1.08 1.74

d 2.00 1.05

e 0.56 1.77

f 042 1.33

Total 1.0 149

Dental students a 2.87 1.49
b 0 0

C 171 1.82

d 1.75 121

e 112 2.36

f 2.52 217

Total 1.66 1.88

SD : Standard deviation
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Table 13. The result of paired t—test among both color temperatures

Color 4000K (Mean AE) 5500K(Mean AE) pvalue

temperature 1.61+£2.04 1.33+1.68 .398

Table 14. The result of independent t—test among both groups

Prosthodontists Dental students p value
Group (Mean AE) (Mean AE)
1.33+£1.73 1.61+2.04 221

Table 15. The result of repeated— measures ANOVA showing impact and
interactions of variables

Source df  Sum of square F p value
Color temperature 1 4.874 1.485 239
Group 1 4483 0.667 425
Shade 5 113.607 9.440 .000"
Color temperature x group 1 8.894 1.324 .265

*Significantly different at a=0.05
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Abstract

Comparison of the shade matching ability according to the color

temperature and the competence level

Ji Hyun Kim, D.D.S

Department of Dentistry,

The Graduate School, Yonsei University

(Directed by Professor June—Sung Shim, D.D.S, Ph.D.)

Statement of problem: Mechanical and visual methods are used to match
the shade of adjacent teeth in esthetic restorations. Most clinicians utilize
the shade guides such as the Vitapan® 3D—master shade guide. Shade
matching ability varies among individuals and factors that may affect
shade selection such as luminous intensity, color temperature must be
considered. The CIE color coordinates L*, a, b" of the shade guide that
the spectroradiometer measured varies with the color temperature, and
previous studies report that the change in pattern of the color

coordinates show vectorial shifts.
Purpose: This study investigated the variation in shade selection,

depending on the different color temperatures(4000K, 5000K) and

experience of the clinicians (10 prosthodontists and 10 dental students).
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Material and method: A spectrophotometer (VITA Easyshade®) was used
to determine the shade of a prefabricated shade guide (Vitapan® 3D—
master shade guide). 6 sets of 5 shade tabs were selected. 3 sets had 5
shade tabs with similar lightness(L") and varying chroma(C*ab), while
the other 3 had shade tabs with similar chroma(C'ab) and varying
lightness(L"). A randomly selected shade tab was given to the participant
to select a shade tab of the identical shade. The color difference between
the given shade tab and the shade tab selected by the participants was

calculated.

Result and conclusion: The following results were obtained

1. When selecting an identical shade tab, shade selecting ability was not

significantly affected by different color temperatures (4000K, 5000K).

2. When selecting an identical shade tab at uniform lighting, shade
selecting ability was not significantly affected by the -clinician’s

experience.

Key Words : color temperature, competence level, shade matching,

spectrophotometer, shade guide
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