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ABSTRACT

EVALUATING THE RELIABILITY AND REPEATABILITY OF THE DIGITAL
COLOR ANALYSIS SYSTEM FOR DENTISTRY

Joong-Jae Jeong, Su-Jung Park, Hyun-Gu Cho, Yun-Chan Hwang,
Won-Mann Oh, In-Nam Hwang*
Department of Conservative Dentistry, School of Dentistry, DSRI, Chonnam National University

This study was done to evaluate the reliability of the digital color analysis system (ShadeScan,
CYNOVAD, Montreal, Canada) for dentistry.

Sixteen tooth models were made by injecting the A2 shade chemical cured resin for temporary
crown into the impression acquired from 16 adults. Surfaces of the model teeth were polished with
resin polishing cloth. The window of the ShadeScan handpiece was placed on the labial surface of
tooth and tooth images were captured, and each tooth shade was analyzed with the ShadeScan soft-
ware. Captured images were selected in groups, and compared one another.

Two models were selected to evaluate repeatability of ShadeScan, and shade analysis was per-
formed 10 times for each tooth.

And, to ascertain the color difference of same shade code analyzed by ShadeScan, CIE L*a*b*val-
ues of shade guide of Gradia Direct (GC, Tokyo, Japan) were measured on the white and black
background using the Spectrolino (GretagMacbeth, USA), and Shade map of each shade guide was
captured using the ShadeScan.

There were no teeth that were analyzed as A2 shade and unique shade. And shade mapping analy-
ses of the same tooth revealed similar shade and distribution except incisal third.

Color difference (4E*) among the Shade map which analyzed as same shade by ShadeScan were above 3.

Within the limits of this study, digital color analysis instrument for dentistry has relatively high
repeatability, but has controversial in accuracy. (J Kor Acad Cons Dent 33(4):352-368, 2008)
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A ABAANN EF A5 Ags HHs= WA (Vita
shade, Chromascope, Bioform shade )22 Zdsl=
Walolnt,

SEARE H] A o] o gk Ay AR M FA|7F A 7] = A
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A 2% 993 (CIE) SlA AAlsk= AAA (CIE
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Gradia Direct (GC, Japan)<] Al, A2, A3, A4, B1, B2
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mn, 2 mm, 1.5 mm9k 1 me] FAS E3sla ok FHo
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=

Spectrophotometer$! Spectrolino (GretagMacbeth,
USA)E o]&3ll 94 vz (LF = 94.7, a* = 1.1, b*
= -0.3)% =4 w4 (L* = 16.9, a* = 04, b* =
-0.9) AoX ZE shade guided F7d W& CIE
L*a*b* gt S48t

354

) =R ;(]0]._4 l%/\

wd Xjofo] M} 245 gla tAYE 2o} A 54717
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Table 1. Vita shade-guide colors (O'Brien et al.”, 1989)

A2g oA

AHAF
o

71719l eI AE Sl it Bt

Munsell notation Chromaticity coordinates CIE L* a* b*

Shade H vV C Y X y L g’ b*

Al 4.5Y 7.80/1.7 55.92 0.3352 0.3459 79.57 -1.61 13.05
A2 2.4Y 7.45/2.3 49.95 0.3468 0.3539 76.04 -0.08 16.73
A3 1.3Y 7.40/2.9 48.85 0.3559 0.3593 75.36 1.36 19.61
A3.5 1.6Y 7.05/3.2 4412 0.3627 0.3657 72.31 1.48 21.81
A4 1.6Y 6.70/3.1 38.74 0.3633 0.3658 68.56 1.58 21.00
Bl 5.1Y 7.75/1.6 54.76 0.3336 0.3447 78.90 -1.76 12.33
B2 4.3Y 7.50/2.2 50.97 0.3437 0.3549 76.66 -1.62 16.62
B3 2.3Y 7.25/3.2 46.91 0.3611 0.3669 74.13 0.47 22.34
B4 2.4Y 7.00/3.2 43.38 0.3620 0.3678 71.81 0.50 22.15
C1 4.3Y 7.30/1.6 47.16 0.3361 0.3462 74.21 -1.26 12.56
C2 2.8Y 6.95/2.3 42.12 0.3487 0.3563 70.95 -0.22 16.72
C3 2.6Y 6.70/2.3 39.11 0.3499 0.3569 68.83 -0.01 16.68
C4 1.6Y 6.30/2.7 33.77 0.3600 0.3622 64.78 1.59 18.66
D2 3.0Y 7.35/1.8 48.71 0.3391 0.3473 75.27 -0.54 13.47
D3 1.8Y 7.10/2.3 44 .48 0.3482 0.3534 72.55 0.62 16.14
D4 3.7Y 7.05/2.4 43.45 0.3492 0.3591 71.86 -1.03 17.77
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1. Shade Map 2AZ1}

7 A% code (Al, A2, A3, A4, B1, B2, ¥ B3)9
Gradia Direct shade guide (GC, Japan)9] Z+ 57 (1
mm, 1.5 mm, 2 mm, 3 mm)o]l W2 CIE L*a*b* gt 94 )7
% (L* = 947, a* = 1.1, b* = -0.3)7 A wAS
(L* = 16.9, a* = -0.4, b* = -0.9) A
Spectrophotometer?! Spectrolino (Serial No. 3.257-
18522, GretagMacbeth, Regensdorf, Switzerland)&
o] g3ll, 10%= #&A 422 7} shade guide®] 7t T4 &
33 ZA st Fdgs FokAh. A% S AET
Spectrolino= 4.5 me ZHFE 7= 457/0° ring
optic DIN 5003 &% 7Ist Wls A& 77|12 £33
AE AFsta glom 4| Des HE 483t 34
sttt 49 CIE L'a™v*ghe=2FE 7t FAzke] A3t
£ Artstatt

gt A, SEA, AR, A1eTFA, 9 A28TFA] 9
Vita—classic mode 4ollA #4¢ Shade Map< Figure
1- 5% 2t}

O Brien 579 &% 4¥%& 7|22 %49 Vita code
kel Azb (4EN)E ALkl €39 A3 el 7.28, €3
9} A4 7t = 4.61, C39 D4 Zell= 3.37, C39F A3.5 7F
o= 6.38, D39} B3 7tell= 6.40, 18]al C13} C3 7t
T 6.89% AlZA o P Thse AL 7R H, o] 9]¢
Vita code 7t 25904 4.5 F w2 MAE 7pAT)

BE THY Aot e A =fo] AL8-et A2 shade=
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Figure 1. Shade Map of the maxillary central incisors.
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Figure 2. Shade Map of the maxillary lateral incisors.
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Figure 3. Shade Map of the maxillary canines.

358



A|Z4E CIXE Ma 24 717|9) FEtyr AfE Sol it Bt

| i

- 5 i 1 :.." -

Figure 4. Shade Map of the maxillary first premolars.
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Figure 5. Shade Map of the maxillary second premolars.
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Figure 6. Repeated measurement of a central incisor.
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ShadeScans ©]&d 103 ‘*5 =73t A3= Figure
67 3 2tk e AotiA AT So|x ofgte] WistE

o Fgo] ozt %3 ﬁéEﬂﬂ UFERSE

3. MZ t}2 FHE 7+l shade guide®| &4 Z ot

Spectrolinog ©|-&-gF WA} w7 A3} A wj i Aol A
9] shade guide®] 7ol W& L*a"b*#2 Table 29} &
o A A oA FAZE S7hel whet Lath ake

AN2E ORI Mat 24E J[7]9] ZEtS i A3 Sof tist Zof

olul, WA Wi e LUa'h ke
9lth. $9& shade®l shade guidee]
233 L*a*p*ge] 7F8 e s
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Bl ( Table 3).

ShadeScan & #A1gk S48 wulj 73 A3} Wl w7 g o]
] shade guide®] Shade Map< Figure 8, 99} 2t}

3 m 79| shade guidedlA] 1.30¢] HaHE Heol= Al
shade guide= 94 w72z} SA v Aol A 242+ A13}
BloZ, 1.909 A2+ A2¢} D3, 2.89¢] A3+ B39 C4
2, 3499 AMAE A3.59 A4®R, 1.459 B1e AlZ Cle
2,1.929 B2 A1¥ B22, 28] 2,159 B3+ A2%}
A3Z Shade Map “ollA A= o5t

)
o of

oﬁ, o,
tlo o
T X Rmm

fe e

]_
Fa
M=
T

= ﬂ\‘ OlN

Table 2. CIE L*a*b* value of shade guides measured on the black background and white background

Shade Thickness Black background White Background
L* a* b* IL" a* b*
Al 1 mm 67.25 -2.45 1.95 75.8 0.5 94
1.5 mm 67.5 -2.5 2.8 72 0 7.6
2 mm 68 -2.35 3.2 70.2 -04 6.2
3 mm 68.85 -2.2 3.95 68.9 -1.1 4.65
A2 1 mm 61.35 2.4 5.25 71.1 1.65 13.9
1.5 nm 62.4 -2 5.95 66.3 1.05 11.45
2 mm 62 -2 6.7 64.25 04 9.45
3 mm 62.3 -1.9 6.65 62.7 -04 7.75
A3 1 mm 57.85 -1.9 8.4 68.5 3.1 18.15
1.5 mm 55.75 -1.5 9.7 62.35 2.8 16.4
2 mm 56.3 -1.3 10 59.4 2.25 14.3
3 mm 55.95 -1.05 10.4 57.05 1.2 11.85
Ad 1 mm 50.75 -0.3 11.5 65.95 5.2 20.65
1.5 mm 50.9 0.2 12.9 58.85 5.3 19.8
2 mm 51 0.55 13.4 55.05 4.8 17.9
3 mm 50.8 0.85 13.6 52.25 3.6 15.2
B1 1 mm 61.25 -3.2 04 72.75 -0.6 8.35
1.5 mm 61.6 -3.3 1.2 67.8 -1.25 6.5
2 mm 62.45 -3.4 1.7 65.5 -1.75 4.9
3 mm 62.75 -3.3 1.9 63.15 -2.5 3.05
B2 1 mm 64.35 -3 5.35 73.7 04 13.75
1.5 mm 64.45 -2.9 6.4 69.5 0 11.7
2 mm 64.8 -2.8 7.1 67.3 -0.45 10.1
3 mm 64.9 -2.7 7.5 65.75 -1.2 8.35
B3 1 mm 63.25 -2.6 8.3 72.9 1.65 17.3
1.5 mm 64.1 -2.3 9.55 68.5 1.3 15.1
2 mm 63.95 2.1 10.15 66.45 0.85 134
3 mm 64.9 -1.8 10.8 64.9 0.2 11.6
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Table 3. Color difference (4E*) of 3 mm thickness shade guide between measured on the black background and
white background

Shade Al A2 A3 A B1 B2 B3

AE* 1.3 1.9 2.89 3.49 1.45 1.92 2.15

EErEREl L

Figure 8. Shade Map of Al shade guide on the black background (upper) and white background (below) according to thickness.

Table 4. Color difference (4E*) among shade guides that analysed as same Vita code

Analysed as Al AE* Analysed as A2 AE*

A2 (1.5W) 5.42 B3 (3W) 4.63

Al (2W) 8.01 B2 (1B) 7.04

Al (3W) 9.89 B1 (1B) 12.26

AL1(IW) B1 (1.5W) 8.6 B3(1B) A3 (1.5W) 6.02
B1 (2W) 11.13 A2 (2W) 2.25

B2 (1.5W) 3.18 A2 (1B) 7.72

B2 (3W) 8.22 A2 (1.5B) 6.56

Al (IW) : 1 mm Al shade guide analysed on white background
B3 (1B) : 1 mm B3 shade guide analysed on black background
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Figure 9. Shade Map of A3 shade guide on the black background (upper) and white background (below) accordmg to thickness.

gk F A e 2E FA 4 Shade map ‘ol AlS
2 X9 7} shade guide 7Fe] A= 2HAE 3.18904]

e 111302 $9toz AW sbsd 432 By
(Table 4).

A2 shadeZ ¥4% shade guideE% Al¥} viR7IA 2
shade guide 3toll 2.250914] 12.26744] S<etoz 219 7}

53+ Az Hol1 9t}

QA7ke] % o) QAH T FeEE Ao AL ArA
o % gk o) AAS werehs Bz Ao g 7]
Z, 97 B4 9 4 A7l

d T o eQlE
] olt}. kA9t o]
@ B BARL ofle) Bl P2, 78 AR,
o B9 ) 2 39 T ok 9% 2o mel A4 &
A7} A ok A E}E’ﬂl ek 4 st

olg et Mg Adshe o 7] FAFEdE B8t
A A GGl AHgshe A AY WHe URE 5
7 Az gr5o] AT = shade guideE Aot} A4 &

= AREStaL et o]d Al
TF7FEC] 71715 AHgete] &
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