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ABSTRACT

INTRODUCTION: Maxillofacial defects are located in a highly visible body area that is identified with one’s identity. An aesthetic and
comfortable maxillofacial prosthesis relieves many concerns of the patient and may improve quality of life. Silicone elastomers are more
color stable than other materials used in maxillofacial prostheses thus many authors investigated the color stability of those materials under
weathering conditions.

OBJECTIVES: This study evaluates the effects of two types of nano-oxides particles at different concentration on the color stability of
pigmented silicone MDX4-4210 maxillofacial prosthetic elastomers after artificial aging.

MATERIALS AND METHODS: MDX4-4210 silicone elastomer specimens were fabricated. The control group was incorporated with
intrinsic coloring agents, one of nanoparticles group was incorporated with intrinsic coloring agents and titanium oxide nanoparticles (TiO2)
at different concentration (2%, 2.5 and 3%), other nanoparticles group was incorporated with intrinsic coloring agents and aluminum oxide
nanoparticles (AL203) at different concentration (2%, 2.5% and 3%). All specimens were exposed to sunlight, sweat and ultraviolet light for
one months. Easy shade spectrophotometer was used to determine the CIELAB (L*a*b*) parameter before and after aging of each
specimen, and the values were noted.

RESULTS: The majority of the color changes in all groups were above 3.3 AE* units, which indicates that they were visually observed color
change. After one month aging period TiO2 group was more stable than AlOs regarding ultraviolet light. Regarding sweat TiO2 group
showed more color alteration. Al2O3 group showed lower color alteration on exposure to sunlight.

CONCLUSIONS: Artificial aging procedures affected the color stability of the maxillofacial silicone with or without nanoparticles

incorporation.
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INTRODUCTION

Maxillofacial defects are located in a highly visible body
area that is identified with one’s identity. Therefore, an
important maxillofacial prosthetic service is maxillofacial
prosthetic fabrication to restore a pleasant facial
appearance where the prosthesis is undetectable. An
aesthetic and comfortable maxillofacial prosthesis relieves
many concerns of the patient and may improve quality of
life (1).

Silicone elastomers are more color stable than other
materials used in maxillofacial prostheses thus many
authors investigated the color stability of those materials
under weathering conditions (2,3). Some factors that affect
the color stability are ultraviolet (UVA) and (UVB)
irradiation from sunlight, temperature, moisture, wind,
dust and pollutants (4). However, such factors are
artificially simulated by accelerated rates of daylight,
moisture, and air (5). Skin, sebaceous oil secretions and
skin perspirations have been used in conditioning silicone
specimens to identify their effect on color and properties
of silicone prostheses (6).

Several studies have found satisfactory results by
incorporating nanoparticles (NPs) into polymeric materials
(mainly silicone elastomers used for facial prostheses), in
terms of protecting such materials from degradation (7). The
addition of titanium oxide (TiO2) and zinc oxide (ZnO) to
polymers can improve the mechanical and optical properties
of polymers due to the small size, large specific area, and
quantum effect of the NPs, as well as the strong interfacial
interaction between the organic polymer and inorganic NPs
(8). Although it has been reported that untreated aluminum
oxide (Al,O3) powder develops physical properties of high
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impact acrylic resin (9), there have been no investigations
regarding the effect of Al,O; powder on the physical
properties of silicone elastomers. Therefore, we evaluated
the effects of Al,O3 and tiO, nano- particles on the color
stability of silicone elastomers.

Investigators have used reflectance spectrophotometry
to evaluate the color changes of aged materials (10).
CIELAB system was widely used for calculation of color
change (AE) and is used to evaluate the color stability of
silicone elastomer subjected to aging. The L*a*b*
coordinates can be used to calculate color differences or
color changes, by using the CIELAB color-difference
equation (11).

AE*=[(AL*)2 + (Aa*)2 + (Ab*)2]1/2

MATERIALS AND METHODS

Assessment the effect of varying Nano-oxides particles
concentration on the color stability of silicone elastomer
has been done in this study by laboratory experiments.
Two Nano-oxides were used: TiO; and Al,O3 with silicone
elastomer MDX4-4210 (Dow Corning Corp., Midland, MI,
USA) and the silicone has been pigmented with intrinsic
pigments (Factor II Inc., Lakeside, AZ).

. Preparation of specimens

A total of 147 specimens of (MDX4-4210) eclastomers
were fabricated; control group (n=21) and two nano-
particles groups (TiO, (n=63) and ALO; (n=63).
Nanoparticles groups were subdivided into three
subgroups at different nanoparticles concentration 2%
(n=21), 2.5% (n=21) and 3% (n=21).
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1.1 Preparation of control group specimens

The control group samples were prepared first by weighing
the silicone elastomer by digital scale (Radwag Wagi
Elektroniczne - poland), 2% Bisque FI-SK- Functional
Intrinsic Skin color (Factor II Incorporated. USA) by weight
of the silicone base was added and two syringes were used to
make homogenous mixture and so the incorporated bubbles
were eliminated. The appropriate amount of crosslinker were
added to silicone color mix in proportion of (10:1), and mixed
again by using two syringe, procedure was repeated several
time to eliminate further bubbles from erupting and injected
into metallic mold. The specimens (10 mm diameter x 3 mm
thick) were processed in metallic disk-shaped molds after
coated with a very small amount of petroleum jelly and wiped
with tissue paper very well so the set material could be
removed after setting without sticking on the mold. The mold
was covered with plastic ruler and clamped with a binder
clips. And allowed to polymerize at room temperature for 72
h. After the materials were cured, the specimens were
removed from the molds. All specimens were trimmed and
were put in sterilization pouch.

Preparation of Nano-particles group specimens
Specimens reinforced with Nano-oxides particles were
prepared first by mixing Silicone base with pigment as
control group. The two Nano-oxide particles with their three
concentrations were weighted with the digital scale and were
mixed with silicone crosslinker by mechanical shaker (IKA
®, VORTEX4 BASIC) with 3000 rpm for 20 min to achieve
a homogenous mixture and dispersion of nanoparticles.
Nanoparticles crosslinker mix were added to silicone color
base mix in proportion of (10:1) and used two syringe for
mixing same as the control group. The mixture were injected
into metallic mold, covered and polymerized as control group.
All the specimens were saved in sterilization pouch and were
classified by numbers and grouped to avoid mixing of
specimens.

Color measurement

All specimens were dried and measured before and after
artificial aging. The color measurements were performed
with a spectrophotometer (vita easy shade-Germany)
(fig.1) According to the CIELAB coordinates color values
were obtained. The L* parameter corresponds to the degree
of lightness and darkness (100 ideal white, 0 ideal black),
and a* and b* coordinates correspond to red or green
chroma (+a* = red, —a* = green) and yellow or blue chroma
(+b* = yellow, —b* = blue), respectively.

The color difference (AE”) can be calculated by the
following equation: AE =

(AZ*Y +(aa*y +(ap*)]?

Artificial aging

The specimens have been attributed to certain environmental
factors such as sunlight, ultraviolet light and stored in
simulate sweat. The sweat was prepared according to
International Organization for Standardization specification,
ISO 3160-2 includes (20 g/ NaCl, 17.5 g/L NH40H, 5 g/L
acetic acid and 15 g/L d,l-lactic acid With the pH adjusted to
4.7 by NaOH) (12). The control group and experimental
subgroups were divided into three groups for artificial aging:
Sunlight group (n=7): were exposed to sunlight for about 6
hours daily in the period between 10 am and 4 pm, Sweat
group (n=7): were stored in sweat for 12 hours daily,
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Ultraviolet group (n=7): were exposed to ultraviolet light for
12 hours daily using ultraviolet lamp (UV-A) (Blacklight
F15w\350 BL-T8, Germany). Each aging group were
exposed to artificial aging for 30 days and reading were taken
after 10 days, 20 days and 30 days. At the end of the each
period, the specimens were removed, cleaned for 15 minutes
in distilled water then the color was measured.

Figure 1: Color reading using VITA Easy Shade.

RESULTS

The majority of the color changes in all groups were above
3.3 DE* units, which indicated that they were visually
observed color change. Silastic MDX4-4210 mean color
alteration (AE) values in control, TIO, and AL»O;
subgroups regarding three aging conditions are shown in
Table 1.

Table 1: Mean values (SDs) of AE for control, TIO2 and AL203
groups.

groups condition AE 10 days  AE 20 days AE 30 days
control sweat 2.6 3.1 35
control uv 52 42 33
control sun 2.4 35 44
Al 2% swcat 1.6 225 227
Al 2% uv 6.3 64 73
Al 2% sun 6.2 6.7 22.6
Al2.5% sweat 27 17.1 17.3
Al2.5% uv 6.2 58 7.4
Al 2.5% sun 29 42 204
Al 3% sweat 103 183 26.1
Al 3% uv 115 15 16.8
Al 3% sun 7.1 132 28.1
Ti 2% sweat 15.6 44 60
Ti 2% uv 6.8 74 6.6
Ti2% sun 4.7 26.5 40
Ti25% swcat 4.4 58.9 59.3
T125% uv 43 194 19.5
Ti25% sun 6.6 11.9 513
Ti 3% sweat 85 16.4 19.1
Ti 3% uv 25 17.9 18.1
Ti 3% sun 27 13.8 329
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Effect of nano-particles type

In comparison between two nanoparticles group (TiO, and
Al O3). Regarding the sunlight after 10 days the TiO»
showed lower color change than Al,Os. After 20 and 30
days the AlbO; showed lower color change than TiO,.
Regarding the ultraviolet light after 10 and 30 days the
TiO, showed lower color change than Al,Os. After 20 days
the AlLOs; showed lower color change than TiO,.
Regarding the sweat after 10 and 30 days the Al,O;
showed lower color change than TiO,. After 20 days the
TiO, showed lower color change than Al,Os (fig.2, 3 and
4).

Effect of nano-particles concentration

In comparison between nanoparticles subgroups (TIO, and
AL,03) regarding the sunlight after 10 days the TiO; (3%)
showed lowest color change. After 20 and 30 days the
AL,0O3 (2.5%) showed lowest color change. Regarding the
ultraviolet light after 10 days the TiO, (3%) showed lowest
color change. After 20 days the ALO; (2.5%) showed
lowest color change. After 30 days also the TiO> (2%)
subgroup showed lowest color change. Regarding the
sweat after 10 days the ALO; (2%) subgroup showed
lower color change. After 20 days the TiO, (3%) were
showed lowest color change. After 30 days the ALO;
(2.5%) subgroup showed lowest color change (fig.2, 3 and
4).

Effect of artificial aging

Among three aging conditions after 30 days the greatest
color change was observed in storing in sweat. Ultraviolet
light showed the least effect.

18
H control
16 B AL2%
4 A12.5%
14
= Al3%
12 2 Ti2%
HTi25%
10 “4Ti3%
8
6
4
2
0

sweal uv sun
Figure 2: Mean of AE values of all three groups (control group,
TiO2 group, Al2O; group) and their interactions with 3 aging
conditions (sweat- ultraviolet light —sunlight) after 10 days.
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Figure 3: Mean of AE values of all three groups (control group,
TiO2 group, Al2O3 group) and their interactions with 3 aging
conditions (sweat- ultraviolet light —sunlight) after 20 days.
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Figure 4: Mean of AE values of all three groups (control group,
TiO2 group, Al2O3 group) and their interactions with 3 aging
conditions (sweat- ultraviolet light —sunlight) after 30 days.

DISCUSSION

Artificial aging is a useful, effective and fast method to
evaluate the color stability of maxillofacial materials.
Several research studies have evaluated the color
differences of maxillofacial materials after accelerating
aging. The weathering of polymers can produce changes in
physical and chemical characteristics that cause a
significant loss in important mechanical properties that
also affect the color of the samples (13).

In the present study accelerated aging were used, which
include three aging conditions to test the materials:
sunlight exposure, ultraviolet exposure and sweat. Each of
these aging conditions affected the materials differently.
And different types (TiO, and Al,O3) and proportions
(2%,2.5and 3%) of NPs were used and according to the
results obtained in this study, MDX4-4210 silicone
elastomer, whether incorporated by nanoparticles or not,
presented color instability (AE > 0), irrespective of the
aging period and aging condition. According to the
National Bureau of Standards, a color change is considered
to be very low when AE is less than 1, clinically
acceptable when AE is between 1 and 3, and clinically
noticeable when AE exceeds 3.39 (14). These differences
may be due to inherent unstable nature of silicones which
is responsible for color changes in the silicone prostheses
according to existing literature (15). Additionally, different
NPs may interact differently with various polymer types
(14,16). In this study, the lowest mean color change (AE)
value after 30 days was (3.3) indicating that all of the
evaluated groups had inappropriate degrees of color
change.

Researchers have evaluated the effect of different
environmental factors and conditioning methods such as
simulated perspiration and sebum, disinfectant and cleansing
solutions, lipids, microwave energy, on color stability of
silicones (17). Polyzois et al (18), Hatamleh and watt (19)
observed significant color change after immersion in simulated
sebum, acidic and alkaline perspirations. The researches have a
deficiency in investigations about the effect of sweat on the
color stability of silicone elastomers. For this reason, we
investigated the effects of sweat on these material. The results
obtained in this study after 30 days showed least color change
in control group. In comparison between TiO2 and ALO;
stored in sweat, TiO» showed higher color changes (AE) at the
three interval (10, 20 and 30 days) regardless the concentration
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of TiO,. These might be due to an interaction between the TiO,
nanoparticles and sweat solutions which may be contributed to
the chemical composition of the sweat. The smaller the
pigment particle, the higher its interaction with the polymeric
chain of the silicone (20). Accordingly we believe that the
AlOj3 particles (20 nm) which are smaller in size than TiO,
(30nm), Al,O; NPs are strongly linked with the silicone, and
they were not removed easily by the action of the sweat. We
Also observed in the study that TiO, have tendency to
agglomerate unlike the ALOs; which disperse and uniformly
distribute in polymer. These result was in agreement with
Waters et al (21), who found that facial prostheses may absorb
saliva or sweat from surrounding facial tissue and also after
washing the prosthesis in water which may affect the physical
properties and also affect the perception of color matching to
the surrounding facial tissue.

Although ultraviolet (UV) light is the small fraction of
the spectrum of sunlight, it is responsible for most of the
damage to colorants and polymers. About 95% of the UV
rays from the sun that reach the earth are UVA rays, with
the remaining 5% being UVB rays (22). Therefore, to
mimic the spectrum of ultraviolet (UVA) light, artificial
light sources were used in this study, Blacklight lamp were
chosen which provide the best available match to
ultraviolet (UVA). In the present study among all groups
exposed to UV after 30 days control group showed least
color change and in comparison between NPs groups
exposed to ultraviolet light, theTiO, groups, especially the
subgroup with the (2%) concentration, exhibited the least
degree of color change. As the NPs concentration
increased, TiO; (2.5% and 3%) showed significant color
changes (AE). These results were in contrast with Han et
al (23) who found that 2.5% TiO2 showed the best color
stability as a result of evaluation of nano-oxides
incorporated into a facial silicone, and in contrast aslo with
Andreotti et al (24) who found that incorporation of NPs,
especially 2.5% TiO;, helped in maintaining color
stability, microhardness and flexural strength of acrylic
resin for artificial sclera after aging. The possible
explanations for this could be: First: TiO, nanoparticles
provided more color stability than Al,Os due to their
ability to provide good UV protection by reflecting or
scattering most of the UV rays because of its high
refractive index (25) Second: As TiO, NPs concentration
increased, it showed significant color changes, the chance
of agglomeration also increases, resulting in poor
dispersion in the elastomer matrix. A higher tendency to
agglomerate also decreased UV shielding (26). Takamata
and Chalian (27) evaluated the color stability of
polydimethyl siloxane (HTV silicone and RTV silicone)
by comparing the effects of 6 months of aging at room
temperature in a dry and dark room to the effects of aging
through exposure to outside conditions, especially
sunlight. They concluded that color changes as a result of
exposure to sunlight for both HTV and RTV were quite
small compared to the effects of 6 months of aging. These
results indicate that sunlight and the environment may not
be responsible for the color changes which necessitate the
replacement of appliances. This study, however, suggested
that aging rather than exposure to sunlight results in most
of the color changes observed in the HTV and RTV base
polymers studied.

In the present study all groups showed color instability
on exposure to sunlight which in contrast with Takamata el
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al (27). The control group showed lower color change than
NPS group. These could be related to increasing in silicone
crosslinker proportion in NPs group elastomer.

CONCLUSION

Considering the limitations of the present in vitro study,
the following conclusions can be drawn.

) All groups exhibited great color change
regardless artificial aging conditions.

2) Sweat promoted the greatest color alteration of
the facial silicone compared to the other aging conditions.
3) TiO, group was more stable than Al,O3 after 30
days regarding Ultraviolet light.

“) AlO3 group was more stable than TiO; after 30
days regarding sunlight and sweat.
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