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1. NENE

2 A@olA = Table 1o A2l uke} o] AL
Z3I(RTV) A2l E Silastic MDX4-4210 Medical
Grade Elastomer (Dow Corning., U.S.A.)¢}t A1)
A A2A] EZ-UP SPF 52 (LG Chem., Korea), 2L
21 3FF9 FAA (dry pigment) . Titanium
white, Cadmium yellow % Cosmetic red (Factor
Il Inc., U.S.A)7F AHE-S A (Table 1).

2. AlHAIE

AlHe] g3t 29| £7E Table 20 A 2] wlet
A},

Table 1. Material summary

D +% 5% 7% A%
A2 A9 AAE HAM AH 12mm FA
2mm¢] 93] 3l three-piece stainless steel &

3 F3& 53 2ol AFsgth(Fig. 1).

2) A AHe A&

A z8)Ate] A Ao we} Silastic MDX4-4210
Medical Grade Elastomer (Dow Corning, USA) (Fig.
2)E base® catalyst® FHHIZ 10: 12, J8ln 9
719 %) 0.2%2 AEFH FAA (dry pig-
ment : cadmium yellow, titanium white, cosmetic
red) (Factor 11 Inc., U.S.A.) (Fig. 3)& Z2 H7}3t
o 2z AA AAdA BH SE TS Azeln
E3Ee AdM e A=A AdA EZ-UP SPF 52
(LG Chem., Korea) (Fig. 4)& 3|2 0.25% &
7tste] A2 (Fig. 5).

3) A =AY

Zkel4 2A7] (FLR40D/AC, Kumdong Inc.,
Korea) Wl A& AXA7)1, -UVA 34 (350
nm) 3lellAl Z4zF 200A1F, 400412 2 600A1%F
A& AL THFig. 6).

Materials Manufacturer
Titanium white Factor II Inc., USA
Dry pigment Cadmium yellow Factor I Inc., USA
Cosmetic red Factor IT Inc., USA
UV light absorber EZ-UP SPF 52 LG Chem., Korea

Silastic MDX4-4210

Silicone elastomer

Dow Corning, USA

Medical Grade Elastomer

Table 2. Experimental groups and numbers of specimens

UV Light Pigment,

UV Light Absorber

Z
o

Measurement, Total

None
CY Mix
Surface application

None
T™W Mix
Surface application

UVA
(350nm)

At 200, 400
and 600 hours

None
CR Mix
Surface application

ARG OO Y O

(CY : Cadmium yellow, TW : Titanium white, CR : Cosmetic red)



Fig. 1. Feature of three-piece stainless steel mold Fig. 2. Feature of Silastic MDX4-4210 silicone
elatomer

YELLOY

3
Fig. 3. Feature of three dry pigments Fig. 4. Feature of UV light absorber
12mm l
I 2mm
L I . «
Fig. 5. Diagram of specimen Fig. 6. Feature of 350nm UV lamp
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Fig. 7. Feature of reflectance spectrophotometer

4) Az 27

A2} W3l reflectance spectrophotometer (TC-
6FX Color, Denshoku, Japan)& ©]£3t C.1E.
Lab®] 7|&el e L (BE), a (BA-54) 4

b(EA-AH )] 3& 88 4E = (ALY + (4
af + (dby)2e] F4 el wet Me] Wizglaks 533}
S (Fig. 7).

3. EAlIXz2

S.A)E A&

2750 AFEE (normal distribution)E ©] %
=X & AAR] 98 K-S test (Kolmogorov -
Smirnov Goodness of Fit test)& Al3st9 2, 24 &
&7t B3] wjAE FEE Gobrr] Y3 ANOVA
7% 2 multiple comparison Scheffe test® £33l
ZF 13 el g S EA s :

Table 3. Color change (4E) after 200 hours of UV light exposure

) "UV light
Pigment absorber treatment 4E (Mean £SD)

None 511 + 0.82
CcY Mix 3.40 £ 0.96
Surface application 4.52 + 0.53
None 3.52 + 0.97
T™W Mix 3.14 £ 0.75
Surface application 3.38 + 0.81
None 12.48 + 1.05
CR Mix 7.76 + 0.46
Surface application 9.84 + 0.28

CY : Cadmium yellow, TW : Titanium white, CR : Cosmetic red)

Table 4. Result of ANOVA test for color change (4E) after 200 hours of UV light exposure

Source of variation SSum of DF Mean F Sigof F
quares Square
Main Effects 514.378 4 128.595 213.680 .000 -
Pigment 467.785 2 233.892 388.648 .000
UV absorber 46.594 2 23.297 38.711 .000
2-Way Interactions 30.300 4 7.575 12.587 .000
Pigment UV absorber 30.300 4 7.575 12.587 .000
Explained 44,678 8 68.085 113.133 .000
Residual 27.081 45 .602
Total 571.760 53 10.788
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1. 200A12F Z=AL

200 A1ZF <t A A (350nm) AR A3t th
=%} 2o} (Table 3).

350nm2] AFe)A & 200 AIZF 2AME ANOVA 374
9] As}tH(Table 4).

200712 Bt A9 AR F 7} pigment?H]

Al sled tg one-way ANOVA ¥ multiple
range test (Scheffe test) & 2133 A= o3 2
t} (Table 5, 6).

Cadmium yellow3 &3} el 200 Alzte] =2
AN ZANE o)A AAdA] X iio] M stk
0] x)& Ao th3t one-way ANOVA L multiple
range test (Scheffe test) & Al 3 Aot o33 2
t} (Table 7, 8).

Titanium whiteZell A2} 200 A|7+e] =p&] A 24}

Table 5. Results of one-way ANOVA test for color change (4E) after 200 hours according to type of pig-
ment regardless of UV light absorber treatment

Source DF s:grzfs slc\l/fle;is F Ratio F prob
BetweenGroup 2 467.7846 233.8923 114.7245 10000
WithinGroup 51 103.9752 2.0387 :

Total 53 571.7598

Table 6. Results of multiple range test for color change (4E) after 200 hours according to type of pig-
ment regardless of UV light absorber treatment (Scheffe test)

™ 1034 CR
3.34 +£ 095 4.34 £ 1.04 10.03 = 2.09
™
CY
CR * *

* Denotes pair of groups significantly different at the 0.05 level

Table 7. Results of one-way ANOVA test for color change (4E) after 200 hours according to treatment
of UV light absorber in the CY group

Source DF s:ézr(;i Szlf:rzs F Ratio F prob
BetweenGroup 2 9.1221 45611 7.2830 .0062
WithinGroup 15 9.3939 6232
Total 17 18.5160

Table 8. Results of multiple range test for color change (4E) after 200 hours according to treatment of
UV light absorber in the CY group (Scheffe test)

Mix Surface treatment None
3.40 + 0.96 452 + 0.53 5.11 = 0.82
Mix
Surface treatment
None * *

* Denotes pair of groups significantly different at the 0.05 level
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Table 9. Results of one-way ANOVA test for color change (4E) after 200 hours according to treatment
-of UV light absorber in the TW group

Source DF SS;inZfS Slc\q/f;Zs F Ratio F prob
BetweenGroup 2 .4450 .2225 3113 7371
WithinGroup 15 10.7220 7148
‘Total 17 11.1670

Table 10. Results of one-way ANOVA test for color change (4E) after 200 hours according to treatment
of UV light absorber in the CR group

Source DF Si;lurilrzfs Slc\ﬁf:rrelzs F Ratio F prob
BetweenGroup 2 67.3267 33.6633 72.4928 .0000
WithinGroup 15 6.9655 .4644
Total 17 74.2922

Table 11. Results of multiple range test for color change (4E) after 200 hours according to treatment of
UV light absorber in the CR group (Scheffe test)

Mix Surface treatment None
7.76 £ 0.46 9.84 +£0.28 12.48 £ 1.05
Mix
Surface treatment
None * *

* Denotes pair of groups significantly different at, the 0.05 level

Table 12. Color change (4E) after 400 hours of U.V. light exposure

) UV light

Pigment absorber treatment 4E (Mean £SD)

. None 9.91£1.00

CY Mix 7.63£0.67

Surface application 9.00+0.47

None 5.28+0.65

T™W Mix 4.47+0.80

- Surface application 4.84+0.62

None 46.96x+1.14

CR Mix 36.99+0.85

Surface application 42.04+0.96

CY : Cadmium yellow, TW : Titanium white, CR : Cosmetic red)

F A9 AdkA) A2 Y3k one-way ANO- multiple range test (Scheffe test)®] Z3+e B33
VA 2 multiple range test (Scheffe test)s] 23 ZtH(Table 10, 11).
th3 7} 2tH(Table 9).

Cosmetic redol| 4] 200/17te] 2Fe]A ZALSE =}
91 2gA] A2l g one-way ANOVA &
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Table 13. Result of ANOVA test for color change (4E) after 200 hours of UV light exposure

Source of variation Sitr;;)sf DF nggiz F Sig of F
Main Effects 15127.274 4 3781.819 5612.446 .000
Pigment 14956.684 2 7478.342 11098.308 .000
UV absorber 170.590 2 85.295 126.583 .000
2-Way Interactions 144.957 4 36.239 53.781 .000
Pigment UV absorber 144,957 4 36.239 53.781 .000
Explained 15272.232 8 1909.029 2833.114 .000
Residual 30.322 45 674
Total 15302.554 53 288.727

Table 14. Results of one-way ANOVA test for color change (4E) after 400 hours according to type of
pigment regardless of UV light absorber treatment i

Source DF SS;EI,ZZ SZS;I:}S F Ratio F prob
BetweenGroup 2 14956.6838 74778.3419 1102.7135 .0000
WithinGroup 51 345.8699 6.7818

Total 53 15302.5538

Table 15. Results of multiple range test for color change (4E) after 400 hours according to type of pig-
ment regardless of UV light absorber treatment (Scheffe test)

T™W CY CR
4.86 = 1.08 8.84 £ 1.20 41.99 £4.29
™
CY *
CR * *

* Denotes pair of groups significantly different at the 0.05 level

Table 16. Results of one-way ANOVA test for color change (4E) after 400 hours according to treatment
of UV light absorber in the CY group

Source DF SS;EIi Sﬁ/ff;r;s F Ratio F prob
BetweenGroup 2 15.8218 7.9564 14.2533 .0003
WithinGroup 15 8.3732 .5582
Total 17 242860

Table 17. Results of multiple range test for color change (4E) after 400 hours according to treatment of
UV light absorber in the CY group (Scheffe test)

Mix Surface treatment None
7.63 + 0.67 9.00 + 047 9.91 £1.00
Mix
Surface treatment *
None *

* Denotes pair of groups significantly different at the 0.05 level
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Table 18. Color change (4E) after 600 hours of UV light exposure

. UV light
Pigment absorber treatment 4E (Mean £5D)

None 11.85+0.95
CYy Mix 9.32£0.61
Surface application 11.45+0.40
None 7.02%+0.68
™ Mix 5.42+0.66
Surface application 6.69+0.22
None 60.32+£1.23
CR Mix 47.12+0.71
Surface application 53.42+1.27

CY : Cadmium yellow, TW : Titanium white, CR : Cosmetic red)

Table 19. Result of ANOVA test for color change (4E) after 600 hours of UV light exposure

Source of variation Sillll:*:sf DF S};ﬁiﬁ F Sig of F
Main Effects 24774.336 4 6193.584 9288.711 .000
Pigment 24472 498 2 12236.249 18351.085 .000
UV absorber 301.838 2 150.191 226.338 .000
2-Way Interactions 252.092 4 63.023 94 517 .000
Pigment UV absorber 252.092 4 63.023 94517 .000
Explained 25026.428 8 3128.303 4691.614 .000

Residual 30.005 45 .667 '
Total 25056.433 53 472.763

Table 20. Result of one-way ANOVA test for color change (4E) after 600 hours according to treat-
ment of UV light absorber in TW group

Sum of Mean .
Source DF Squares Squares F Ratio F prob
BetweenGroup 2 8.5H46 4.2773 13.5426 .0004
WithinGroup 15 47376 .3158

Total 17 13.2923

Table 21. Result of multiple range test for color change (4E) after 600 hours according to treatment of
UV light absorber in TW group Scheffe test)

Mix Surface treatment None
5.42 %+ 0.66 6.69 £ 0.22 7.02 £ 0.68
Mix
Surface treatment *
None *

* Denotes pair of groups significantly different at the 0.05 level
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2. 400AIZ Z=AL

40012 < A9 (350nm)& ZAREH
23 2t (Table 12 - 15).

Cadmium yellows €33+ Tl A 4001712 2}€]
A ZANE 29 AAEA] A e o] A st u
)& A dE one-way ANOVA ¥ multiple
range test (Scheffe test)& A3 g Aot o33 2
tH(Table 16, 17).

Titanium white® Cosmetic red¥2 2004|3t

At 22 237} bttt

23

fr

3. 600AIZE Z=AL

60041t Bt A (350nm)& AR Foll
200, 400717t 2& A7t Jepgth(Table 18,
19).

600A1ZE B¢t A9l 2ARE F 7} pigmentiHe]
A slado] tld one-way ANOVA 2 multiple
range test® A3 400717t SL ).

Titanium whiteToll 4] 600 7te] 28] ZALE
A4 AR Aol Askd] n|x| = A9
£ 200, 400138 = v 237} Vet (Table
20, 21).

Cadmium yellow$} Cosmetic redE £33 7
ME 6004]7ke) Al A ZAE 9] A3 400417 3}
LYYt
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Hol= AHF 718, o4 T4 5o A% 4
ol 93] A<t HAES gaz 3 It A
HEn FAT, wEA olH ofobd RAEES
A&el7] 1%k otebd BAAYE Fof & o] oot
W ZAERE A E AR dTE ) 2
%1_]-;},34).

ofebd B o] gl tig o8 714 7| EEe]
o} AezF o] HYE AHAY B 4 31,
BAd W74 2 a4 7Y, A48, 394
agm Bt Adxeg oFE B &
ofgitt. 11 fJox= RAHE9] Fao] Loj3}
7], _:Tg_o}_o]: gJ_q_lZ.%.GHSS).

o) -

h .

2L 0 gy oft 30

PN
F 3
3

351

old ¢t EA g oA A diaf
Rahn# Boucher®, Sweeney 5°”, Beumer$}
Zlotolow'®, Moore 5%, Lewis®} Castleberry®™, 4
' U 5P, 2 5 Yo g2 gateo] Eusigl
ot oot AE e B2 AP, AE, AR,
HH3 Axet FRAY, Ade A £ &
ojL} zpef Mo it A 2L 7IAA AE v
54, vEgA, A4, 7h S vlEE JR L 81
Sl dg] T3] A ARG S 7R jlofok
f‘sl,q_Z.B).

1973 A A AR E F3](Dental Biomaterials
Research Priorities)9] 4] ¥4 §9ol 4 & B} 215
d oord HAEAse d8dd dal AFeAh
2 F A 20497 oot REARE A
AL AFsh 32 24, ZYudERe
olx, Z| ¢, ZevEdeZEYclE, &
oleld BAH ASE &3] AHEHI vt 13
A AMEER e T AE FolA ot
AA G} Zt5oiol & 2 F2AL BT TEA
o] AR M E NEHA BUH"

ol

T R 2

A
kil
7]
3.5 .

B A% A4 Silastic MDX4-4210%428292 7
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u:)

o} & ool Hadolg A&d ok
Al EAE o] &3l R oz 7]5H,
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MDX4-4210 Medical Grade Elastomer : Dow



Corning., U.S.A.)9l 37}A] #44] (dry pigment)
(Titanium white, Cadmium yellow % Cosmetic red)
g 747t Frista AR DA A4 el wet
(T T, 34 X3 7, EFsA &L ) A
g ¥, 350nm2} AeA& 200, 400, 2 6008 &
ot ZALel AA Al wE HeE EFEH
Zyzte] Aol A AT, AL AdA|7b At
RAAd) e 2HE S 3.

zt A)7HRelA 39 gES ANOVA A% %

multiple comparison Scheffe test& ©]-83t] tha

I 2 AEE AU

1. 244 (dry pigment)3te) ¥ TN AE, 200417k
AEe CRT] TW 2 CYZol Hlg) +94 A
2 Awstek-g e, 400 2 60041 TtelA
CR, CY, TWZ €412 fjstA 2 gusEs
v th(p( 0.05).

2. Cosmetic red® E33 AU (CRT)S ZE AT
oA Aol A A S EFA @S 7, W
TXF 7, EES T SAoE FsHA & 4
s E-S YeRITH(p0.05).

3. Cadmium yellowZ &3 A1 (CYT) 200 Al
t ZAF e A ATAE EFIHA B
To] &3 o Hd) {3t 2 st

CUER o 400 2 600413 AN AR

AGAE TSR e T E BE =X T

EHE Foll W3 fefelAl 2 AusEe ve
Weh(p<0.05).

4. Titanium white® &3¢ AJH(TWT)L 200,
400N 7Y ZAFA)E 3Tt F2 7 bl 7t 91K
o}, 600A1ZE Folle A9 AT A E BH =
TP+ U EFEA &L o] EFT Tl HlE
folstA & AustEg Vehith(p(0.05).

ol el Axz B uj AM A &3l ul
% 982 A (dry pigment)®) FFoll wel o2
A JebgA g, FAIzEe] Zed =EdA e A9
A AFAE TGS A7 OHE TE HlEiA A
Halo] g Aol F7HEATE. wEkA oAb
AP A9 Ao el o ML S FaA]T)
ed A9 AdA Y £30] FT ALE AR
Hrt,

—
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ABSTRACT

A STUDY ON THE EFFECT OF UV LIGHT ABSORBER
ON THE COLOR CHANGE OF MAXILLOFACIAL SILICONE

Yun-Seok Song, Ju-Hwan Lim, In-Ho Cho

Department of Prosthodontics, College of Dentistry, Dankook University

The color change of maxillofacial silicone has been attributed to certain environmental factors
such as exposure to the UV component of natural sunlight, wetting and drying of the elastomer,
and surface abrasion resulting from the application and removal of cosmetics.

The purpose of this study was to evaluate the color change of maxillofacial silicone (Silastic MDX4-
4210) according to type of pigment (cadmium yellow, titanium white, cosmetic red), and UV absorber
application method after 200, 400, and 600 hours of 350nm UV light irradiation.

The results were as follows.

1. According to type of pigments, after 200 hours cosmetic red showed significantly larger color
change than cadmium yellow and titanium white, and after 400 and ‘600 hours color change
significantly decreased in the order of cosmetic red, cadmium yellow, and titanium white (p<0.05).

2. In the cadmium yellow group, after 200 hours, the non-treatment ‘group showed significant-
ly larger color change, but after 400 and 600 hours, color change significantly decreased in the
order of non-treatment, surface application and mixed group (p<0.05).

3. In the titanium white group, there was no significant color change difference between the three
groups after 200 and 400 hours, but after 600 hours, the mixed group showed significantly smalk
er color change than the non-treatment and surface application groups (p{0.05).

4. In the cosmetic red group, there was significant decrease in color change in the order of non-
treatment, surface application and mixed group (p{0.05). »

From the results above, the effect of UV light absorber differed according to the type of pigment,
but mixing UV light aborber with maxillofacial silicone is thought to give superior resistance against
UV light irradiation in the long run.

Key words : Cadmium yellow, Cosmetic red, Maxillofacial silicone, Titanium white, UV light absorber
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