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—Abstract

COLOR CHANGE WITH CEMENT THICKNESS AND
COLOR SHIFT PATTERN OF EACH SHADE ERIES IN GI CEMENT

Ki-Yeon Park + Dong-Hoo Shin

Dept. of Conservative Dentistry Graduate School, Donkook University

Glass ionomer cements, which had been developed in 1972, were widely used as an
agent for cementation, base, pit and fissure sealant, and esthetic filling material with the
advantages of excellent biocompatibility, anti-cariogenic fluoride release.

Specimens were made to evaluate the color change of Glass ionomer cement with a
newly developed improved Fuji Il LC. Specimens for color change study with cement thick-
ness of 1, 2, 3mm were made and those for the study of color shift pattern were made
with the assumption that new mid-shade can be made by mixing of equal amount of both
shades in 2mm thickness.

After 24 hours in a 37T incubator, CIELAB color spaces were evaluated with a spectropho-
tometer.

The results were as follows ;

1. All specimens discolored to dark and blue with an increased thickness in all shades
(p<0.05).

2. There were significant a* space (red-green direction) changes in every A, B, C, D shade
series except the relationship between 1mm and 2mm thickness groups in B shade series.
But the changes were irregular, ie., each shade series has its own pattern.

3. Each shade series showed its own specific color shift pattern in all L* a* b* spaces.

4. B shade series showed less amont of changes in A+E than those of A and C shade
series (p<<0.05), but there was no significant difference in AE within each shade series.
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A 71(Spectrophotometer) 7} AF&-S 31 3l
. 01F BEHFSNNE o] &3 g2 A
3 SetEAyTe) AAAe] BARAT A
Slol iAo dge] dA ggel e 3
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FEAQ Fefioto]le
HES AAstE EAgstazr Ho
W& Fuji I1 LC (GCA}, Japan) & o]
i) Zr AAvict 1mm, 2mm, 3mme] FAo) w}
Mgzt S48 Al ) 2 Ate Bgeg
T3 AL 2N 7HEE F 2m FA
U4 shaded] A3}l Fol= FHE AUE
A 2B ol F 24413 o) 37C wjE7]ol
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H MEE FFHE Fgsotolxy A
HNE QN GCAFY 7R3 Fuji Il LCE M2 Al,
A2, A3, A4, B2, B3, B4, C2, C4, D22 % 10
7HAE AHSIAT (R 1).

B 1 & Ao A8d A9 Mg

e

2. Alg
1) AlE =t

7h FAC g AgEst 238 A9z
2 v
27 10mm, Z+7] 7 1mm, 2mm, 3mm] mold &
Azete] FYHI HHE FEd o e gL
Z Aol FEkk ololkmE EoH] ]
scoop . 1.5 droploE st (AMzA e 11
g H &S FHH o EF L FHo] o7 )
2akell Uro] 3027 EFSIAT o)F o)g
moldWl o] FHAI7]1L slide glass® ¢utst &
BERAIZ ARTE 3027 FFEAN G

wElste] g g 1 A7 Basigd.

W) 7 shade AW Folw 2 g A
SRR

B AUR 2OEE U7 A8 7 439
Aol S(F7H) & Q192 APYO, ol Fr}
A Ae 5% ] AUk A BW AL
3 A2E F0.2 40} Ao} EFF AL ALS
g Faqd. 7D AW ABARH B
oz om e U8Y ARE Ashu
A7) AQse] 1 A7 BAFA,

Gl Cement

(Manufacturer) Shade Batch No.
Al 271261
A2 241061
A3 241061
A4 180271

GC Fuji II LC B2 170761

(Improved type) B3 180761
B4 251061
C2 180861
C4 251061
D2 241061

* Powder was mixed with liquid(300861)
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Mg

Z+ Al &3 AAAE § 29 Bon ¥
A7 FNEFE QU Dol HAsko
2] AW IE B YT} ()& E9 shade A29)
739 W=7} 59.1633+ 1.3396%1 4] 52.5825+ 1.
7498, 48.8622+ 115888 olFYHem p*
space< 3.0539+ 1.3396°1 41 1.6963+ 1.7498, 0.
5378+ 1.1588% W3l AWMz} Fojhs B 4=
ALh). C

a2y AEEE a* space(FA1-HA)
shadem}th ¥R A & JEHE R
shade A A€ (28 1, 2)3 B2 (29 4, 5)+=
1mm FA A 2mm FA 2 F 718l whe} 54 o)
F7Fktt 3mm AJHo M= Azl 9-4F
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A4 B (dE 59 shade A29) 2% -0.
1783+ 0.1786° 4] -0.7650+ 0.7113, 0.7211+ 0.
51522 st om Iy 18 19 3994 &
F Axo] Fol A RS BYh. a8y
B3, B4 (1Y 6)$} shade C A, D2 (218
7,8, D€ HAAHoZ HMo] ZItste S
2 (& £ shade C49] 39 -0.5167+
0.3649°14 0.4625+ 0.3311, 3.4310+ 0.55202
2 dsigon A3 IgZola i W
32 Baoh.

T3 FA WE shaded Mgwslge]
A Folds B2 (F 4,5 6, 7) shade B
Aol 1mme}t 2mm 57 7F a* space (-2 A0)
BAE A BE A FA w3k fe

Aol A (p<0.05).
2. Zt shadele| AAHHSE F0|¢

24 AR e & 37 2o 18 109 48
JYPE2 FAEYET. BE A9 color spa-
ces”} B A Q] BAIE HolX| ISkt A AlE 9
HEW3E Fo]leE BY E3tE F7Ho] )
Ao w3 ¥E-S BRI (ALS : 55.8740+ 1.
1052, A2 : 52.8740+ 1.7498, A2.5 : 57.3935+
1.7113, A3 : 52.9756+ 1.6459, A3.5 : 57.2486+
0.5781, A4 : 51.0300+ 1.6865) a* space:™ &
A3 A gle] -2.136791A -0.2502744] ©FoF
Al YElstth b* space™ WE FUbol wet
A ganreko 2 §74 748 B¥ch B AE:
AL g #71E nygen (56.3711 - > 55.
0995 -> 56.0478 -> 55.1533 -> 53.4200) a*
spacex A AIEGF o] 53 3 gle] -3
1144004 -1.15787}2] obFstA bt} b*
space™ B2E A3 UrnA] Aigox HE
F7tel wel AR Fagos $A g H
Atk C A= C2 (54.0190) 9+ C3 (54.
2460)7F A9 2e Axeo ¥UE YL C4
(50.5750) oA o} FYPA = BdE B} a*
spacex W3Z F7h meEp HAlo] Frisitt
Aol Bolx e AFS B (-0.1180 ->
~2.6525 -> 0.4625) b* space™ WIE ZF7}ol
w2} Az FAwgo s A4 248 Bk (2



B 2. A wE Agwst: &4 7o ¥ 443 (CIELAB)

- T 2 b*
R Ty T wa 9% | e | 9% | 9@
1mm 59.1633 1.3396 -0.1783 0.1786 3.0539 1.3396
A2 2mm 52.5825 1.7498 -.0.7650 0.7113 1.6963 1.7498
3mm 48.8622 1.1588 0.7211 0.5152 0.5378 1.1588
1mm 60.0030 1.7349 -0.2245 0.3653 6.3250 1.7349
A3 2mm 52.9756 1.6459 -2.1367 0.6339 4.0833 1.6459
3mm 49.0100 0.7114 1.7033 04141 2.8144 0.7114
1mm 58.7933 1.7348 0.1822 0.4559 6.1528 1.7348
A4 2mm 51.0300 1.6865 -1.0020 0.5374 4.7620 1.6865
3mm 48.6650 0.8039 2.700 0.5616 2.0510 0.8039
1mm 60.1155 1.6109 -1.7430 0.2849 4.0175 1.6109
B2 2mm 56.9957 0.8345 -3.1243 0.6129 41014 0.8345
3mm 54.3222 1.4875 2.1422 0.2407 0.7556 1.4875
1mm 57.9378 0.9192 -1.7556 0.2709 5.6911 0.9192
B3 2mm 56.0478 1.3769 -1.6822 0.6063 3.8256 1.3769
3mm 52.1940 1.0632 3.4180 0.2940 0.9030 1.6032
1mm 57.7489 2.8699 -1.7589 0.7999 8.0550 2.8699
B4 2mm 53.4200 1.1415 | -.1.1578 0.5877 5.2244 1.1415
3mm 51.0156 1.1880 -0.9567 0.4581 3.0678 1.1880
1mm 59.8170 1.3899 -1.4085 0.3363 4.6470 1.3899
C2 2mm 54.0190 2.0047 -0.1180 0.2784 2.7400 2.0047
3mm 48.9167 1.59633 2.3189 0.6704 0.3078 1.5993
1mm 55.3739 1.1044 ~-(0.5167 0.3649 3.6044 1.1044
C4 2mm 50.5750 3.0942 0.4625 0.3311 1.1713 3.0942
3mm 47.3200 0.9015 3.4310 0.5520 -0.9440 0.9015
1mm 59.9667 0.7509 -0.6217 0.2587 -0.3322 0.7509
D2 2mm 55.4238 24091 0.0550 0.3355 -1.6288 24091
Jmm 52.6370 14235 3.0030 0.6606 -3.5290 14235

7400 -> 2.5700 -> 1.1713).

ZF AgAtole] W EHAE) S 4% dAH
RE AR Holrt 2 oje] FAE B
o2 W 7HEdk MEE Bavk (19 11).
A4} A35 Atol9] Ws}Eko] 63262+ 1.7955%
7+ 0.9 B39} B2.5 Alo]7} 2.3832+ 1.0164,
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B3.5¢F B3 Alo|7} 2.9033+ 1.3030, B49+ B3.5
Abol7} 2.8792+ 067852 A& W3lE RA &
AR FoF S BRYon BAG A,
CAE B3 4& walge RPN (p<o.
05, ¥ 9) Z AFAGNANMS Walgte=
Fo& 27 fR (F 8).



E 3. Z shadeWio] g3l ol : 2} Fo] Had M4 (CIELAB)

L* a* b*
A % . - -
3 H 3 W o H & iy "z
Al5 55.8740 1.1052 -0.4810 0.4123 0.2320 0.5182
A2 52.5825 1.7498 -1.7650 0.7113 1.6963 0.4169
A25 57.3935 1.7113 -1.0015 0.6248 3.1665 0.4867
A3 52.9756 1.6459 -2.1367 0.6339 4.0833 1.1434
A35 57.2486 0.5781 -0.2502 0.3114 3.8582 0.2231
A4 51.0300 1.6865 -1.0020 0.5374 4.7620 0.4481
B2 56.3711 1.7705 -3.1144 0.5364 4.3589 0.7453
B2.5 55.0995 1.3137 -1.6765 0.3806 2.6795 0.5733
B3 56.0478 1.3769 ~1.6822 0.6063 3.8256 0.5842
B35 55.1533 0.8276 -2.4989 0.9122 5.0294 0.9157
B4 53.4200 1.1415 ~-1.1578 0.5877 5.2244 0.3117
C2 54.0190 2.0047 -0.1180 0.2784 2.7400 0.3792
C3 54.2460 2.9836 ~2.6525 0.6448 2.5700 0.7492
C4 50.5750 3.0942 0.4625 0.3311 1.1713 0.3270
E 4. T w2 sk th3k S A A shade A
Groups Imm 2mm 3mm
1mm * L7
oa
2mm * 0 X x b
3mm * 0 X * 0 X
*, 0, x. significance at 95% level
¥ 5. FAo] wE M3t i3t EAE 4, shade B
Groups Imm 2mm 3mm
1mm * L
oa
2mm * X x b
3mm * 0 X * 0 X

x, 0, X. significance at 95% level
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E 6. FAC o2 4uste] i3t FAEA; shade C

—
Groups 1mm 2mm 3mm
Imm * L*
0 a
2mm * 0 X x b"
3mm * 0 X * 0 X
* 0, x. significance at 95% level
T 7. FA ) wE Mgsle] tidt FAEA,; shade D
Groups Imm 2mm 3mm
Imm * L
oa
2mm * 0 X x b
3mm * 0 X * 0 X
* 0, x. significance at 95% level
E 8. 7 AR W8E (ALE) B FARY
4 A5 F(AE)
AN X Al H S
M 5 ¥ | 4 =& he s
A2 — Alb —3.9578+ 1.5746 10
A25 — A2 5.5598+ 1.8878 10
A3 — A25 4.8802+ 1.9931 10
A35 — A3 4.8642+ 14211 10
A4 — A35 L 6.3262+ 1.7955 10
B25 — B2 f3.23lli 1.3920 * 10
B3 — B25 2.3832+ 1.0164 j 10
B35 — B3 2.9033+ 1.3030 10
B4 — B35 L. 2.8792+ 0.6785 10
C3 — C2 [4.3696i 1.7151 10
4 — C3 5.32614 2.5587 10

—, ==, — I no significance
* . Scheffe test with significance level .05
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B 9. WGAIG7Ee] wsteko)] sk ANOVA test 23}

Groups A B C
A 51176
B 2.8492 *
C 48478 *
V. AT 2 To BATE Aol =3 Wby M4e md,
Agsts o 3lo) #4ojg ogd ddojua

S AR XA B4 fEdl 23
A4, d3Hes nEEgs AndEer
de] AMEEHI e g ofo)exmE 4
Z3te B3R 2 A FEEo] AuA] $¢
EAZ AMRE I QY o]F & ofolo e
AREE 19708t & 712V 8 o8 B g
AFs gor 2 Ay A_E MFH Fuji
II LCE 71& AFd v& &% gAE o2

AA HEo] v ARYE wHom B8
BEEE 4€ & QA BN B ew,

AN BRG] St &% HAo] &
olgt AoF AA Utk HF Aol Vita
shadeE 7]F2.2 Al, A2, A3, A35, A4, B2,
B3, B4, C2, C4, D29] F 117}A Hejg 7
o] g 43 Mo shsskA HYoks
Zdr gk

olg{gt AW FEXFY AHFARe A
& drivd ZF Ads & 5 e bl 2
Jok. & FEE Xolo wid, Fe, WA,
TN, B89 3, B34, € 44 5 oo
HES AAAFEEN AA2YA Holx:
ot ste AojtP. a8} olF FExpAwt A

ol AnA A 7 & 9L 1
A 29 Fo) AR AP s
F-9-5of v FHH o2 AT = FA o]
ATh

B3 A gk 83 Byl Aol of
e Az AMdolth & YriAdle Fd
Aol wel, JEA Y] F, B9 =), viAA,
TE e, BFAR s O AREYY 3
TY AAolEE gdE2A =Ax= B3 o
2& Hi Ut o & B 22 Aoy e
Aol w3 & EX)7) o vta AE7e] QA
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A2 RS TEIHBE Abgel we B,
@) dZAoltt 5o oty FaHe] sy
AT oleldt o RE A oudt )
BAA BT oJu] Hdo] olgtiE Ao},

Adold oo} 22 FRHL "1 7]
ol FE AFA] FEE MY A=
G A FEAL AAE-S A4} Vita Lu-
min shade guide (VitaZahnfabrik, Bad Sacki-
ngen, Germany)$} & m=39] o]fo] 23
Hi Aok 28y ol2ld guideE o] 43h:
A% O3} 28 of 2} 712 BA " S ¢ba gk
A, guided] A4fo] thkax] B3} =g
Ho g wigEo] Yo, B guide’} &}
Lo 2 AZtElo] glo] A $EEo] MAn}
Zpol7b P oa® g ety o g B9
FAQ 2m vjHRT FEE Fef(4—5m) 2
ol Ao FHRES] FEF} AYS =357
o HTHY. Ui, W AA7) Bt g0lE, &
zlote} Hy|, TX, Ze Fol g oE
A3 BY AEE S/ 0 e 9B
o] flthe EAES 21 dde oo,

1)
=

T K-
oo Wieder®= 4&F3+E guide®tt AA &
EAQE o]-&3st THE custom shade guide’}
o 9431t} 3oy o] gA] §otuhd

€ AIETE Yo @3el g

oj¢} 2 o] FAES M) YalME
e Bt AsHF oz £33, £33 2 A
Fatafior & R4S 2 © Aotk & Lol &
A2 A FAE AL 2ol £x158lE AT
#2-& Zlojtt, o]t =& A3} Munsell renota-
tion color system, RGB color system, CIELAB
system 5°] AMAFEH o) &FHI Ut} o]



CIELAB system'2 19314 CIE (Commission
Internationale d’Eclarage) =#7]17-7F 743t
AL 19763, Bo} A A A L* a*, b*EH= color
spaceZ M-S FABE o2 XH3toA
74 38 AAgE I ok L& Hrle] ARE
0914 1007hA] Vo] BAIG B ol A4
AEE Yehle AEQ a*e SA4- A, brs
AA-gAo) A g oujsle Ao R Z47) -60
oA 6071x19] W92 YERdTh F a*7t +1
A -w = pert + @ g - Ao gk
AL oulsy olg MAREHE HPHS At
EA NS FEAAE Ao ARz 7}
7Ne AL AFo g verd g Utk
W A} ZRYoZE ot v|AHT V)
AZ Zao] gt} &< vjAYE EHo
w7 B FAFHY AF 2 FH9-H o
Mg Aol v Ao njsl, 7|AE FAPL F
sk Qiztel Az Alx(W ], HlyW],
H[z(A)]9) 37 £344d) t$ste X, Y, Z9
AAZAE ASES AHE A4S FrbskeE
Hhdolt}, oj]dt Aol A A}A (Colorime-
ter) 9} #3324 7)(Spectrophotometer) 7} At
£53 k. olF AsAE AHElA WHALE
0o A A HAo) 37 Y E 53 A3S
BAsteg §9EA AL Zuvt Zol
olFo] ZtHslm FFo| LoldH HlmH 7
AFolgte Aol ATt HAHX 9 HHFH
BAo| Waditte FAE il ok v £
FAZNE AW FAAY g ZAH
o) wE 234 wkal-&(spectral reflectance),
B 3E 3-8 (spectral transmittance) & A3}
o A AFAE de F e 2ot A
71724 285 (metamerism) & HFE F
Aohe Qo] stk ojs} &L 71718 o8&
Ax 230 ABRLE 1Y 1, 4, 79 box
plotol Al BaFE AAHE FHR 9 £E=7]
uf$ FL AT o] FAFE FOEH
2% 4 ok e st i@ olar ghol
vl HATHE @3o] glom? AAge] F£AR
FyHEg A o=y ojgde AL
it o]} ##HF Van der Burgt 5%

AAZAES o8 Aokay 2N, 54
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A7t J4Foz2 Fdo] Yojor ke A}
AE AH3AY & QFH oz AHEE e
Suj A AAIE dojop ke Aolth

ojlglgt 7IAIA FAYL gAY E
Y F3} FolA Bo] o]&dn glon 7}
HoplMx A71E ZARES 43ty A4H
Al MRS 98 T7F o] FA
gtorm 53] Fuled FEEQ A3
we Q77 BUTE & ol F L a*, A E
o]-§-3te] F AA7te] WslH T EYX
(AE)E &dd £ el o8 o]&3ly
FEES WAy 9 gigy Fo #@dd|
AHE-3EL e Zlolt}h. Monaghan %2 30%
HASEAREE o] 8T AZA FHgwd 9
A HERY Ade] ¥relA A ¥t home
bleaching”dll ¢J3]X= AE7} 2 o3t&2 & 3}
ol7} 91tk ¥ vl %121 Rosentiel 5°-& AHR
AF 35% HASFAE YER] BUES A
Y5 A7 AE7} 3.82E 71X Q) W3 E B4
kil 399 th. Hosoya$t Gotov <Q13E}R o)
% 19F B e Agwslao] 25 o4
ojg} It W Ao @ FEE Mg
FFHe2 FA37) A% e PE FH2
A= Qo

e St o] ket Al disiAe
thekdt Bz 9lth Kuehni®t Marcus® s
AEZ} 1E0 Zo® gtog Aozt UAl ¢
<=t} 3921 Johnston¥ Kao® = AE7} 18.th
ZOoH FEEQ HYifo] Xole} Hojd z3E
o]£m 28T} oW kel Mol AT
AgAoz HY EAZE HR] e whd, 37
o] Agee S<tddo] ¥ HAxaA
A 9 3R AA R B
Az Aol WA zelrt Y= H$9 AE
BES 3T 2 68+272 L& FHE
B g v} 9ok, I Seghi $90& A FEA) )
&l o)A =AsteA 49 AEZL 24
AE U F-E9] @EA ] Q& A HEE AT
180} 2 Ao Ado] oo} st HA
Ao E AWA] e EEgo] & A
s At g °F 3k o€l Monaghan
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