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I. INTRODUCTION

Makxillofacial defects can be divided into
congenital defects such as cleft palate and ac-
quired defects from traumatic accident and
disease. Acquired maxillofacial defects are
tend to increase by various kinds of accidents
and by results of cancer surgery for maxillo-
facial region. In early age, the treatment for
maxillofacial defects is only for restoration of
defects area, but today, the treatment is
more complex and elaborate according to the
development of reconstructive surgical treat-
ment and rehabilitation.

And according to the lengthening of the life
span, the desire for improvement of the qual-
ity of the life gave the new goal to the
prosthodontic field. So the prosthetic rehabil-
itation should be developed toward the goal for
better esthetics and function.

Modern materials for external prostheses
include vinyl plastisols, poly(methyl methacry-

late), polyurethanes, latex and silicone poly-

mers”, Following the introduction of silicones
into facial prosthetics in 1960, there was a
rapid development and introduction into the
market-place of various types of silicones for
facial prosthetic applications®.

The properties of the ideal facial prosthetic
material may be listed as follows”: nonirritant,
pliability, weight, color, hygiene, durability,
thermal conductivity, manipulation, texture
and availability., From a practical point, the
material requirements for a prosthesis can
be translated into final appearance, durability,
ease of processing, and safety in both pro-
cessing and wearing®.

Silicone elastomers were first used for ex-
ternal prostheses by Barnhart in 1960 and
have since become the material of choice
because of their chemical inertness, strength,
durability, and ease of manipulation”.

Many investigations have been performed
studies on the materials for maxillofacial pros-
theseses. Pigno et al” studied on the effica-

cy of antifungal agents incorporated into a fa-
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cial prosthetic silicone elastomer, Haug et al.”
investigated on the physical properties of the
maxillofacial elastomers, Lemon et al®, studied
on the color stability of facial prostheses.
The limited service of facial prostheses is a re-
sult of the rapid degradation of the elastomer
and its color instability®,

The purpose of this study was to investigate
the the color stability of the silicone elastomers
that were tinted with dry pigments for max-
illofacial prostheses under various environ-
ments, Color changes were measured with col-
orimeter(Model TC-6FX, Tokyo Denshoku
Co., Japan) using CIE-Lab system.

II. MATERIAL AND METHODS

1. sample preparation and material manip-
ulation

The elastomers used in this study were
MDX 4-4210 Elastomer(Dow Corning, Midland,
Mich.) and A-2186 Silicone elastomer(Factor
II, Lakeside, Ariz.). The Dry Pigments used in
this study were Mars violet, Golden vyellow as
dry pigments, and Red yellow, Raw sinna as
cosmetic pigments(Table 1), For preparation of
specimens, one of four dry or cosmetic pig-
ments was mixed into the MDX4-4210 or A-
2186 base elastomer at 0.2% by weight”. The
base and catalyst of elastomers were combined
in a 10:1 ratio by weight, placed in contain-
er and mixed in vacuum mixer to remove any

bubble. The mixture was poured into ready
made brass mold which was precoated with a
Silicone mold release{A-416, Factor II Inc,,
Lakeside, Az)as separating agent. Lid was
placed and to extrude excess material, a load
of 1 Kg was applied. Disc shaped specimens
with dimensions 15mm X 1.5mm thickness
were produced. After polymerization the spec-
imens were removed from the mold and
trimmed carefully with scissors. The number
of specimens for each group was twenty
five, After samples were prepared, the base-
line color measurement were recorded and re-
garded it as control group, and all specimens
were divided into five groups as experimental
group: the first group that was therocycycled
between 5°C to 55°C for 24 hours(700 times),
a second group that was thermocycled in 10%
soap solution for 24hours(700 times), a third
group that was to be soaked in 10% soap so-
lution in room temperature, and fourth group
that was to be kept in darkness for 75 days,
and the last fifth group that was to be ex-
posed to sun light for 75 days.

2. color measurement

The color measuring system used in this
study was colorimeter(Model TC-6FX, Tokyo
Denshoku Co., Japan). Color changes( 4E*)
were calculated by measuring tristimulus val-
ues at several wavelengths in the visual
spectrum with the use of the Commision

Table 1. Elastomers and dry pigments used in this study

Mars violet Dry pigment

Golden yellow Dry pigment
Red yellow

Raw sienna

Cosmetic pigment
Cosmetic pigment

Material Type Manufacturer
MDX 4-4210 Silicone elastomer Dow Corning, Midland, Mich.
A-2186 Silicone elastomer Factor II, Lakeside, AZ

Factor II, Lakeside, AZ
Factor II, Lakeside, AZ
Factor II, Lakeside, AZ
Factor II, Lakeside, AZ
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International de ! Eclairge L* a* b* (CIE-
LAB) uniform color scale, This system rep-
resents a three dimensional color space having
components of lightness(L*), red-green(a*),
and vellow-blue(b*). An important aspect
of the CIE-LAB system is that color differ-
ences between specimens can be given a
single parameter, 4E*ab,

The formula of color difference is calculat-
ed as follows:

4dE*ab={(4L*)*+(da*)*+(4b*)}"”

Mean values were calculated for each ma-
terial and group and compared statistically
with one way analysis of variance and cal-

culating Scheff e intervals at 095"

Table 2. Mean and S.D. of L value

III. RESULTS

Color changes that occured for all specimens
are presented in Table2-9. There were sta-
tistical significance among the control group
and five experimental groups in all speci-
mens(P<0.01). The L* values of all experi-
mental group were reduced compared with
control group, so that they got darkness(Table
2.6). In most specimens the a* values were
increased, but there were no statistical dif-
ference between control group and some of
experimental group 3,5,6(Table 3,7). The val-
ues of b* were decreased in experimental
group 1,2,3, but increased in most of group
45(Table 4,8). There were no statistical dif-
ferences between control group and most of
group 3,4,5(Table 5,9).The color changes( 4E*)

Pigment Silicone Control Group 1 Group 2 Group 3 Group 4 | Group 5
Golden Yellow A 2186 56.88(0.45) | 55.38(0.37) | 55.60(0.57) | 545.47(0.74) | 54.99(0.37) | 54.81(0.40)
MDX4-4210 | 55.15(0.94) | 53.73(0.53) | 54.11(0.81) | 54.16(0.35) | 52.78(1.13) | 53.47(0.41)
Red Yellow A-2186 39.20(0.43) | 37.57(0.48) | 38.01(0.43) | 37.56(0.34) | 36.50(0.63) | 37.73(0.46)
MDX4-4210 | 37.64(0.87) | 36.81(0.21) | 36.92(0.54) | 36.49(0.55) | 34.80(1.17) | 36.58(0.24)
Raw Sierna A-2186 37.29(0.43) | 35.45(0.36) | 35.98(0.48) | 35.60(0.29) | 34.38(0.54) | 34.97(0.65)
MDX4-4210 | 37.20(0.37) | 35.93(0.29) | 36.05(0.42) | 35.75(0.65) | 35.41(0.27) | 36.03(0.29)
Mars Violet A-2186 26.78(0.46) | 24.95(0.55) | 25.07(0.46) | 24.85(0.49) | 23.25(0.33) | 25.25(0.47)
MDX4-4210 | 26.14(0.97) | 24.69(0.39) | 25.95(0.45) | 25.01(0.45) | 23.45(0.40) | 24.32(0.49)
Table 3. Mean and S.D. of a* value
Pigment Silicone Control Group 1 Group 2 Group 3 Group 4 | Group 5
A 2186 -4.69(0.51) | -1.39(0.45) | -1.27(057) | -2.15(0.54) | -1.53(0.53) | -2.19(0.47)-.
Golden Yellow -
MDX4-4210 | -4.09(0.52) | ~1.10(0.41) | -1.12(0.45) | -2.65(0.29) | -2.90(0.66) | -2.78(0.43) ‘
Red Yellow A-2186 24.82(0.64) | 27.92(0.45) | 27.59(0.42) 26.00(0.66.) 27.46(0.65) | 25.89(0.63)
MDX4-4210 | 22.65(0.56) | 24.93(0.33) | 24.26(0.41) | 23.02(0.53) | 22.80(0.71) | 22.78(0.41)
) A-2186 2.67(0.60) | 6.23(0.40) | 5.94(0.75){ 3.52(0.61) | 4.09(0.52)| 3.55(0.70)
Raw Sienna
MDX4-4210 | 356(0.50) | 5.73(0.60) | 5.82(0.46) 3.27(0.43) | 2.99(0.53)| 2.83(0.43)
Mars Violet A-2186 13.35(1.08) | 17.49(1.34) | 17.20(1.01) | 13.29(0.79) | 14,91(1.48) | 13.45(0.91)
MDX4-4210 | 12.90(1.09) | 15.89(1.16) | 13.94(0.99) | 11.82(1.10) | 12.76(1.15) | 12.11(0.84)
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In order to get the differences of color
change in MDX4-4210 and A-2186 regardless

of pigments and experimental condition, the

were greater in MDX4-4210 materials pig-
mented with Red yellow and with Mars

Violet in group 2 as 2.07 and 2.54(Table 9).

Table 4. Mean and S.D. of b* value

Pigment Silicone Control Group 1 Group 2 Group 3 Group 4 | Group 5
A 2186 42.03(0.70) | 40.40(0.65) | 39.21(0.80) | 39.40(0.94) | 42.05(2.53) | 41.33(0.82)
Golden Yellow
MDX4-4210 {39.07(0.77) | 37.82(0.80) | 36.99(0.83) | 38.57(0.63) | 38.86(0.36) | 39.25(0.74)
Red Yellow A-2186 30.78(0.90) | 29.38(1.07) | 28.97(1.18) | 30.68(1.05) | 32.43(2.01) | 30.70(1.09)
MDX4-4210 | 25.83(0.88) | 24.76(0.69) | 23.82(0.54) | 25.59(0.95) | 27.17(0.90) | 28.87(0.77)
Raw Sienna A-2186 17.90(0.66) | 16.87(0.57) | 17.31(5.82) | 17.35(0.50) | 18.27(1.04) | 18.21(0.94)
MDX4-4210 | 15.72(0.61) | 15.07(0.49) | 13.95(0.62) | 15.61(0.54) | 16.11(0.61) | 16.07(0.46)
Mars Violet A-2186 9.83(0.93) | 8.31(0.83) 8.18(0.87) | 10.06(1,08) | 10.39(1.10) | 10.33(0.89)
MDX4-4210 | 7.45(0.68) 6.10(0.62) 5.59(0.79) 6.76(0.66) | "7.99(0.76) | 8.64(0.81)
Table 5. Mean and S.D. of 4E* value
Pigment Silicone Control Group 1 Group 2 Group 3 Group 4 | Group 5
A 2186 57.61(0.56) | 57.16(0.60) | 56.34(0.56) | 56.56(0.84) | 58.62(0.63) | 57.95(0.67)
Golden Yellow
MDX4-4210 | 57.58(0.64) | 56.52(0.31) | 56,15(0.65) | 56.83(0.54) | 57.58(0.91) | 57.38(0.35)
Red Yellow A-2186 72.93(0.87) | 72.08(0.72) | 71.31(0.75) | 71.68(0.73) | 73.58(1.53) | 71.06(0.79)
MDX4-4210 | 71,21(0.75) | 69.83(0.33) | 69.14(0,57) | 69.65(0.74) | 70.87(0.91) | 69.46(0.32)
Raw Sienna A-2186 64.37(0.40) | 63.77(0.42) | 63.19(0.55) | 63.64(0.34) | 64.91(0.74) | 63.81(1.13)
MDX4-4210 | 63.76(0.43) | 62.90(0.36) | 62.54(0.37) | 63.07(0.71) | 62.72(0.28) | 62.15(0.38)
Mars Violet A-2186 75.15(0.57) | 74.64(0.80) | 74.44(043) | 73.98(059) | 75.79(0.45) | 73.22(0.59)
MDX4-4210 | 75.11(0.45) | 74.42(0.56) | 72.57(0.55) | 73.31(0.59) | 74.40(0.53) | 73.59(0.50)
Table 6. Difference between control and experimental group in L* value
Pigment silicone Group 1 Group 2 | Group 3 |Group 4 |Group 5 Total
Golden Yellow A 2186 150 * 1.28 * 141 * 1.89 * 2.07 * 8.15
MDX 4-4210 142 * 1.04 * 099 * 237 * 168 * 750
Red Yellow A-2186 1.63 * 1.19 * 164 * 2.70 * 147 * 8.63
MDX 4-4210 0.83 * 0.72 * 1.15 * 284 * 1.06 * 6.60
. A-2186 184 * 131 * 169 * | 291 % 232 * 10.07
Raw Slemna  |UnX 4-4210 | 127 % | 115 * | 145 % | 179*| 117 * | 683
Mars Violet A-2186 183 * 1.71 * 193 * 353 * 153 * 10.53
MDX 4-4210 145 * 019 NS| 113 * 2.69 * 1.82 * 728
A-2186 6.80 5.49 6.67 11.03 - 7.39 37.38
Subtotal
MDX4-421010 497 3.10 472 9.69 573 28.21
Total 11.77 8.59 11.39 20.72 1312 65,59

* : Significant between control and experimental group(p<0.05)
NS: not significant between control and experimental group
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total amount of changes were put together.
And in order to compare the difference of
change among five experimental group, the
amount of change of all specimens were put
together also,

The sum of amount of change of L* and
that of a* value in MDX4-4210 was lesser
than that of A-2186(Table 6,7), the sum of
amount of change of 4E* in MDX4-4210
was greater than that of A-2186(Table 9),

and those of b* values of MDX4-4210 and A-
2186 were similar(Table 8).

The sum of amount of change of L* value
regardless of type of silicone materials and
pigments was the greatest in experimental
group 4(Table 6), and that of change of a*
value was the greatest in experimental group
1(Table 7), and that of change of b* and 4
E* values were the greatest in experimental
group 2(Table 8,9).

Table 7. Difference between control and experimental group in a* value

Pigment silicone Group 1 Group 2 {Group 3 |Group 4 |Group 5 Total
Golden Yell A 2186 330 * 342 * 2.54 * 3.16 * 2.50 * 1492
ocen TEIOWINIDX 4-4210 | 299 * | 297 * | 144 * | 119* | 131 * | 990
A-2186 310 * 2.77 * 1.18 * 2.64 * 1.07 * 10.76
Red Yellow
MDX 4-4210 2.28 * 161 * 0.37 NS| 0.15 NS| 0.13 NS| 454
. A-2186 3.56 * 327 * 085 * 142 * 0.88 * 9.98
Raw Sienna
MDX 4-4210 217 * 2.17 * -0.29 NS| -057 * | -0.73 * 593
. A-2186 414 * 385 * -0.06 NS| 156 * 0.10 NS§| 971
Mars Violet -
MDX 4-4210 299 * 104 * -1.08 * -0.14 N§| -0.79 NS§| 6.04
A-2186 14.1 13.31 4.63 8.78 455 45.37
Subtotal
MDX4-4210 10.43 7.79 3.18 2.05 2.96 2641
Total » 25.53 21.10 7.81 10.83 7.51 71.78
* . Significant between control and eperimental group(p<0.05)
NS: not significant between control and experimental group
Table 8. Difference between control and experimental group in b* value
Pigment silicone Group 1 Group 2 | Group 3 {Group 4 |Group 5 Total
A 2186 -1.63 * -282 * -2.63 * 0.02 NS{ -0.70 * 7.80
Golden Yellow
MDX 4-4210 -1.25 * -2.08 * -0.50 NS|-0.21 NS| 0.18 NS| 4.22
A-2186 -140 * -181 * -0.10 NS| 165 * ~-0.08 NS| 5.04
Red Yellow
MDX 4-4210 |. -1.07 * -201 * -024 NS| 1.34 * 3.04 * 7.70
. A-2186 -1.03 * -059 * -0.55 NS| 037 NS| 031 NS| 285
Raw Sienna
MDX 4-4210 -0.65 * -177 * -0.11 NS| 039 * 035 NS| 3.27
. A-2186 -152 * -165 * 0.23 NS| 056 NS| 050 NS| 4.46
Mars Violet
MDX 4-4210 -135 * -1.86 * -0.69 * 054 NS| 119 * 5.63
A-2186 5.58 6.87 351 2.60 1.59 20.15
Subtotal
MDX4-4210 432 772 154 2.48 4,76 20.82
Total 9.90 14.59 5.05 5.08 6.35 40.97

*

. Significant between control and eperimental group(p<0.05)

NS: not significant between control and experimental group
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Table 9. Difference between control and experimental group in 4E* value

Pigment silicone Group 1 Group 2 | Group 3 |Group 4 |Group 5 Total
A 2186 -0.45 NS| -1.27 * | -1.05 * 101 * 034 * 412
Golden Yellow
MDX 4-4210 -1.06 * -143 * | -0.75 * |-0.00 NS| -0.20 * 344
A-2186 -0.85 * -162 * | -125 * 0.65 NS| -1.87 * 6.24
Red Yellow
MDX 4-4210 -1.38 * -207 * | -156 * [-0.34 NS| -1.75 * 7.10
i A-2186 -0.60 * -1.18 * | -0.73 * 054 * -0.56 * 3.61
Raw Sienna
MDX 4-4210 -0.86 * -122 * | -069 * |-1.04 * -1.61 * 542
) A-2186 -051 * -071 * | -1.17 * 0.64 * -1.93 * 496
Mars Violet
MDX 4-4210 -0.69 * -254 * | -108 * |-0.71 * -152 * 7.26
A-2186 241 * 478 * 420 2.84 470 18.93
Subtotal
MDX4-4210 3.99 7.26 480 2.09 5.08 23.22
Total 6.40 12.04 9.00 493 9.78 4215

*

. Significant between control and eperimental group(p<0.05)

NS: not significant between control and experimental group

V. DISCUSSION

The currentls} available maxillofacial pros-
theses materials can be divided into three
groups: methacrylate resin, polyurethane elas-
tomers, and silicone elastomers. Silicone ma-
terials are now a popular materials for max-
illofacial prostheses, and they have to have
several properties for success in prostheses. One
of the requirements of the ideal maxillofacial
prosthetic materials is color stability*®, But the
limited service of facial prostheses is a result
of the rapid degradation of the elastomer

8 Deterioration is

and its color instability
mainly caused by environmental exposure to
ultraviolet light, air pollution, and changes
in humidity and temperature®®,

A number of investigators have studied
on the such causes of discoloration in max-
illofacial materials. Craig et al” tested the col-
or stability of nonpigmented polyvinyl chlo-
ride(PVC), polyurethane, and four silicone
elastomers including MDX 4-4210 and MDX4-
4515 after aging in a weatherometer, In his

study PVC tended to lighten in color after 100
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hours, and all silicone materials were color-sta-
ble, with MDX 4-4210 exhibiting the best
overall properties. But the polyurethane ma-
terial was severely degraded after 300 hours.

Koran et al'” found out very small changes
in testing of MDX 4-4210 using 11 different
maxillofacial pigments. Koran et al.”® studied
to determine resistance to external staining
with tea, lipstick, and disclosing solution.
RTV silicones, MDX 4-4210, Silastic 382;0ne
high temperature-vulcanized (HTV)silicone,
4-4515; and a PVC material were tested. In
their study, Tea produced the least color
change.: lipstick and disclosing solution pro-
duced the greatest change, MDX 4-4210 was
the most resistant to tea and disclosing solu-
tion, but showed the greatest change from lip-
stick. PVC was the least resistant to staining
while all silicones displayed good stain resis-
tance. Lemon et al® studied on the efficacy of
a UV light absorber on the color stability of a
facial elastomer. Color was evaluated before
and after artificial weathering and direct out-
door exposure. In their study, color change
with artificial aging causing a great change




than outdoor aging, and the UV light absorber
did not protect the samples from color
changes.

Haug et al'¥ studied on the effect of en-
vironmental factors on maxillofacial elas-
tomers. They concluded that all of the treat-
ments caused a visually detectable change in
color(4E*) in all of the materials including
A-2186, And all of the treatments caused to
change in chroma toward green. And they re-
ported the chroma of Silastic 4-4210 materi-
al changed toward blue with all treatment. In
our study, the a* values of the most speci-
mens were increased, so that it changed to
red,

Pigno et al® stressed the black discol-
oration of the inside surface of nasal pros-
theses, and they concluded that genus
Penicillium was associated with discoloration of
prostheses, Lemon et al? stated that the
major changes in appearance of maxillofacial
prostheses result from staining that is caused
by environmental factors such as stains, fun-
gal accumulation, handling, body oil accumu-
lation, or cosmetics applied by patient.

In this study only MDX 4-4210 silicone elas-
tomer pigmented with Mars Violet and Red
Yellow in experimental group 2 showed
changes of 4E* more than 2.0(Table 9). The
rests of MDX4-4210 specimens and all A-2186

silicone elastomer specimens showed less than -~

2.0 in change of 4E*(Table 9). Seghi et al®
demonstrated that a 4E* value of 2 units
represent the minimum amount of color
change that could be detected visually with a
high degree of accuracy.

Beatty et al.” demonstrated that color
changes occurring soon after a maxillofacial
prosthesis is fabricated may be caused by in-
herent chemical change occurring within the
elastomer or by color losses occurring with cer-
fain pigments that are not UV-resistants,
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They implied Mars Violet and Cosmetic
Yellow Ochre are UV -resistant pigments, on
the other hand the Cosmetic red and
Cadmium yellow pigmemts were UV-sensitive,
" In this study, all specimens revealed de-
creased L* value, so they became dark.
Lemon et al? explained the cause of dark-
ening of L in the outdoor-aged samples in
their study is attributed to the impregnation of
dirt into the porous surface of the elastomer,
In our study, we found out the change of
lightness in all specimens even in specimens
which were not exposed to air. It suggested
that the change of lightness was not only de-
pend upon Ultraviolet, but it could be result-
ed from composition of material itself. Andres
and et al'® concluded in their survey that the
most popular material for the fabrication of
extraoral prostheses was MDX4-4210 silicone
material and Polyzois et al.”” concluded that
A-2186 silicone elastomer has certain advan-
tages in clinical application over Mollomed and
Silbione 71566 materials they tested. In this
study, we also selected MDX4-4210 and A-
2186 silicone materials for this study.

Because MDX4-4210 and A-2186 silicone
materials are transparent, all specimens used in
this study were fabricated with siliocone ma-
terials combinded with pigment. This study
suggested that environmental factors such as
sunlight, aging in darkness, thermocycling,
soap soaking could be causes of discoloration in
maxillofacial silicone materials. And this study
did not found out the effects of pigments on
the discoloration of silicone elastomers,

In this study, In order to investigate the de-

gree or amount of color change in silicone ma-

terial, the total amounts of changes were
calculated. The total amount of change of L*
and a* value were greater in A-2186 silicone,
but that of 4E* was greater in MDX4-

4210 silicone, And the total amount of change



of L* value was greater in experimental

group 4, that of a* was greater in group 1,

and those of b*

and 4E* values were

greater in group 2.

V. SUMMARY AND CONCLUSION

The following conclusions were drawn from

this study.

1.

The L* value in all experimental group was
lesser than in control group.

. The a* value was increased in most ex-

perimental group, but those of MDX4-
4210 materials pigmented with Raw sinna
and with Mars violet in group 3,4,5 were
decreased.

. The b* value in group 1,2,3 was de-

creased, but that in group 4,5 was in-
creased. There was no statistical difference
between control and most of group 3.4.5.

. The 4E* value was decreased in all ex-

perimental group except A-2186 material in
group 4, and the changes of 4E* value of
MDX4-4210 materials pigmented with Red
yellow and with Mars violet were

great(over than 2.0).

. The total amount of change of L* and a*

value were greater in A-2186 silicone, but
that of 4E* was greater in MDX4-4210
silicone,

. The total amount of change of L* value

was greater in experimental group 4, that
of a* was greater in group 1, and those of
b* and 4E* values were greater in group
2.
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