www.scielo.br/jaos

Chromatic stability of acrylic resins of artificial
eyes submitted to accelerated aging and polishing
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ABSTRACT

Esthetics and durability of materials used to fabricate artificial eyes has been an important
issue since artificial eyes are essential to restore esthetics and function, protect the
remaining tissues and help with patients’ psychological therapy. However, these materials
are submitted to degrading effects of environmental agents on the physical properties of
the acrylic resin. Objective: This study assessed the color stability of acrylic resins used
to fabricate sclera in three basic shades (N1, N2 and N3) when subjected to accelerated
aging, mechanical and chemical polishing. Material and Methods: Specimens of each
resin were fabricated and submitted to mechanical and chemical polishing. Chromatic
analysis was performed before and after accelerated aging through ultraviolet reflection
spectrophotometry. Results: All specimens revealed color alteration following polishing
and accelerated aging. The resins presented statistically significant chromatic alteration
(p<0.01) between the periods of 252 and 1008 h. Conclusions: Both polishing methods
presented no significant difference between the values of color derivatives of resins.
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INTRODUCTION

Maxillofacial prosthesis is a specialty with the
basic goal of restoring esthetics and function,
protecting the remaining tissues, and helping
in psychological therapy!>. Among the various
modalities of this type of prosthesis, the artificial
eye is outstanding; although it does not restore
primordial function, that is sight, to the wearer,
it satisfactorily restores its facial esthetics.
Furthermore, the artificial eye is responsible for the
individual’s reintegration into society, returning a
condition of comfort to the user as regards its social
intercourse and acceptance of the deformity, thus
improving patient’s quality of lifet623,

Concern about esthetics and durability of the
materials used for fabricating artificial eyes has
encouraged studies over the course of time®122°,
One of the most worrying aspects in treatments
with artificial eyes is that they become disagreeable
after a few months of use, and it becomes necessary
to have them redone due to color instability and
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decreased resistance as a result of the effects of
ultraviolet rays, deposition of microscopic residues
on the surface porosities, continual handling and
cleaning of the prosthesis by patients81516,

It is known that color stability is the property a
material has of retaining color for a period of time in
a certain environment, and is an important physical
property of many dentistry materials2.

Shade determination in Dentistry can be divided
into two categories: visual and instrumental.
Instrumental colorimetry potentially tends to
eliminate subjective errors in color assessment. This
type of analysis is more exact than measurement
by the naked eye, because it is capable of assessing
small difference in the coloring of objects®®.

One aspect hardly mentioned by professionals
in the area is the chromatic stability of these resins
when submitted to different polishing methods.
Clinically, polishing of artificial eyes is a factor of the
utmost importance, as they must present a smooth
surface, otherwise the presence of roughness
favors the accumulation of impurities and bacteria,
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irritating the patient’s anophthalmic cavity, an in
addition discomfort, also causes infections?>.

Conventional polishing of acrylic resins is
performed in stages, in a bench lathe, and
any negligence in any one of the stages of the
procedure, makes the subsequent polishing stages
more difficult®?. In relation to chemical polishing,
this was described as an alternative technique to
decrease water absorption of resins. According to
this technique, the polymerized resin is immersed
in monomer heated to boiling point, for 1 minute,
which results in well polished internal and external
surfaces'®?7,

Based on a literature review, and considering
the degrading effects of environmental agents on
the physical properties of the acrylic resin, this
study assessed the color stability of acrylic resins
specifically for fabricating sclera, submitted to
chemical and/or mechanical polishing, before and
after accelerated aging.

MATERIAL AND METHODS

To make the specimens, colorless autopolymerized
acrylic resin disks were obtained by using a metal
matrix 15 mm in diameter and 2 mm thickness
(Figure 1), according to Kiat-Amnuay, et al.?°(2006)
but with some changes in diameter.

These disks were included in the proper
flasks for microwave polymerization (STG, VIPI,
Pirassununga, SP, Brazil), using type III stone
plaster (Gesso-Rio, Sdo Paulo, SP, Brazil) and extra
hard packing silicone (Zetalabor, Zhermack, Badia
Polesine, Rovigo, Italy) for embedding the molds.

After final setting of the materials, silicone and
stone plaster, the flasks were opened and the disks
removed (Figure 2). The heat-polymerizing acrylic
resins N1, N2 and N3 for artificial eyes (Classico,

Figure 1- Metallic matrix with 15-mm diameter and 2-mm
thickness

Artigos Odontoldgicos Classico Ltda., Campo Limpo
Paulista, Sdo Paulo, SP, Brazil) were mixed according
to the manufacturer’s instructions. When the plastic
stage was reached, the resins were placed in the
molds contained in the flasks and pressed in a
hydraulic press (VH, Midas Dental Products Ltda.,
Araraquara, SP, Brazil) with a force of 1200 KgF, and
remained at rest for 30 min. After this period, the
flasks were taken for microwave polymerization (840
watts) using 60% of maximum power, for 3 min.

After allowing the flasks to cool naturally, the
specimens were deflasked and submitted to finishing
for 1 min with abrasive papers no. 280, 320, 600,
1200 (Norton, Norton Abrasivos, Ribeirdo Preto, SP,
Brazil) and polishing with felt disk and % micron
diamond solution (Buehler, Buehler Ltd, Lake Bluff,
IL, USA) in an automatic polisher (Arotec, Cotia, SP,
Brazil) at 600 rpm.

Of the 14 specimens obtained for each resin, 7
were submitted to mechanical polishing and 7 to
chemical polishing?’.

Chemical polishing was performed in a chemical
polishing machine Termotron model PQ-9000
(Termotron, Piracicaba, Sdao Paulo, Brazil) with
chemical polishing fluid (Poli-Quim Artigos
Odontolégicos Classico Ltda., Campo Limpo
Paulista, SP, Sdo Paulo, Brazil). The specimens
were immersed in a receptacle containing the fluid
at a temperature of 80°C for 10 s (Figure 3). After
this period, the specimens were removed from
the receptacle and washed under running water
according to manufacturer’s recommendations
after 15 s. The samples were storage in distilled
water for 24 h for reduction of residual monomer?'’.
Independent of the activation method, the literature
shows the presence of residual monomer?®’.

The alterations in color and brightness
were evaluated by reflection spectophotometry
(Shimadzu, Shimadzu Corporation, Nakagyo-ku,
Kyoto, Japan), as used by Canadas, et al.® (2009)

Figure 2- Molds obtained after inclusion of colorless acrylic
resin disks in silicone and dental stone
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Figure 3- Chemical polishing

and Turner, et al.3! (1984) with the alterations in
color calculated by the CIELab System.

The CIELab system calculates in the distance
between two readings of color through the formula:

AE = [(AL)2 + (Aa)? + (Ab)2]¥2

After initial chromatic analysis, the specimens
were submitted to accelerated aging according to
ASTMG 53 Standards (American Society for Testing
Materials Standard 53)3 in an accelerated aging
chamber for nonmetallic bodies — UVB/ condensation
(Equilam, Equilam Ind. Co. Ltda., Diadema,
SP, Brazil) to simulate extreme environmental
conditions. The same operator performed all tests
to standardize the testing conditions.

The readings of chromatic stability were
performed initially and following the periods of
252, 504, and 1008 h of accelerated aging. The
specimens were cleaned with water and soap before
each reading. The results were submitted to ANOVA
followed by the Tukey’s test at 1% significance level.

RESULTS

Table 1 displays the color change values (AE) of
the acrylic resins after both polishing procedure and
accelerated aging. The N1 acrylic resin presented
the lowest AE values that were clinically acceptable
by visual analysis of color change.

According to Tukey Kramer test, there was a
statistical significant difference on color stability
among N1, N2 and N3 resins (p<0.01) regardless
of accelerated aging and polishing procedures. The
N1 acrylic resin exhibited the greatest color stability
(AE=10.74), while N3 acrylic resin exhibited the
worst color stability (AE=13.97), with statistically
significant difference between them (p<0.01) (Table
2).
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Considering the evaluation of color stability
among the different periods of accelerated aging,
there was significant difference only between 252
and 1008 h (p<0.01), independent to the acrylic
resin and polishing procedures. The period of 504
h (AE=12.26) did not differ in relation to the other
periods (Table 3). There was no significant difference
between the two types of polishing procedures,
regardless of acrylic resin and accelerated aging
(p>0.01) (Table 4).

Table 1- Mean values of color derivatives (AE) of resins
regarding polishing methods

Polishing/Resins N1 N2 N3
252 hours

Mechanical 10.20 12.00* 12.43*
Chemical 10.09 11.74* 13.03*
504 hours

Mechanical 10.75 12.41* 13.53*
Chemical 10.89 11.97* 14.00*
1008 hours

Mechanical 11.00 13.17* 15.47*
Chemical 11.54 11.86* 15.37*

*AE211.74 Clinically unacceptable.

Table 2- Mean values of the color derivatives (AE) of resins
N1, N2 and N3

Material N1 N2 N3

Mean Values 10.74A 1219B 13.97C

Means followed by the same capital letter do not differ
statistically among them (p<0.01).

Table 3- Mean values of the color derivatives (AE) of
different periods of accelerated aging

Accelerated aging 252 504 1008

Mean Values 11.58A 1226 AB 13.07B

Means followed by the same capital letter do not differ
statistically among them (p<0.01).

Table 4- Mean values of the color derivatives (AE) of the
two polishing techniques

Polishing Mechanical Chemical

Mean Values 12.33A 12.27 A

Means followed by the same capital letter do not differ
statistically between them (p<0.01).
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DISCUSSION

When analyzing Table 1, it could be verified that
the derivative of shade (AE) for all specimens during
the first reading (252 h) was higher than zero,
indicating color alteration by spectrophotometric
analysis. This color alteration could be caused by
intrinsic and extrinsic factors®3. The intrinsic factors
involve discoloration of the material itself, with
alteration in its matrix®*. Extrinsic factors, such
as absorption and adsorption of stains may also
cause discoloration'?8, In addition to this, other
factors are responsible for color instability, such as:
accumulation of stains; water sorption; infiltration;
surface roughness; chemical degradation by use;
oxidation during double-carbon reactions, producing
peroxide compounds; and continuous formation of
pigments due to degradation of products*2°,

There is a great deal of disagreement in
the literature about establishing a clinically
unsatisfactory value for color derivation. Some
authors established 3.5%! as an unsatisfactory value
while other researches stated 3.7'°. In present
study, we observed that only color derivatives
greater than or equal to 11.74 presented visual
alteration (Table 1). This makes values below
11.74 satisfactory. In view of this, it appears that
there is no way of establishing a universal value
clinically unacceptable for AE, since each material
has particular physical and chemical properties, and
behaves in a different manner, depending on the
medium in which it is found.

Significant difference was observed among the
AE values of resins N1, N2 and N3, the highest
values of variation being for resin N3 (Table 2).
This difference in color derivation could be cause
of intrinsic pigmentation of each resin. It is known
that the coloring of these resins is achieved by the
addition of methylmethacrylate based pigments,
which could have participated in polymerization
reaction, interfering in formation of polymeric
chains, physically or chemically altering the
properties of the material?’. With altered polymeric
chains, higher influence of accelerated aging on
these materials could have occurred, particularly
in resin N3 (Table 1), which presented the highest
color alteration values.

In this study, accelerated artificial aging
produced significant color alteration in studied
resins between 252 and 1008 h (Table 3). In
results it was verified that use of ultraviolet light,
humidity and heat were causative factors of
polymer degradation. This could occur because the
majority of polymers have functional groups in their
molecular chains, which absorb ultraviolet light;
among them are the carbonyl C=0 group, aromatic
rings, and C=C bonds. When a polymer molecule
absorbs ultraviolet light through functional groups,
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this energy leads to a more unstable state of the
structure®. This excess of energy can be deactivated
by various paths, such as transferring the excitation
to another molecule, and thus reestablishing itself.
These groups can return to their original state by
stages, reemitting the excess of energy in a longer
wavelength, such as visible light or heat. If the
excited molecule disperses the excess of energy
by some means, there would be rupture, that
is, photochemical degradation, and these factors
contribute concomitantly to the appearance of
deterioration, such as loss of color or brightness,
loss of opacity, appearance of cracks and stiffness>.

Regarding to the polishing method, it was
verified that the acrylic resin specimens submitted
to mechanical and chemical polishing presented
no significant difference in the chromatic stability
values (Table 4). This appears to indicate that the
polishing method used had no influence on the
color stability of the test specimens, not even after
accelerated aging. Therefore, chemical polishing
was performed without a detrimental effect to the
physical and chemical properties of the acrylic
resinsté26,

Pinto, et al.?* (2001) verified surface roughness in
acrylic resins submitted to mechanical and chemical
polishing followed by mechanical brushing. This
result may contraindicate the chemical burnishing
for ocular prosthesis since roughness promotes the
accumulation of microorganism. Another alternative
would be performing chemical burnishing in short
intervals. Radfort, et al.?> (1998), Taylor, et al.3°
(1998), Gongalves, et al.'” (2008) and Bollen,
et al.” (1997) emphasized the importance of this
point, as the roughness of a denture fitting surface
can help determine its colonization by different
microorganisms. The importance of the disinfection
of ocular prostheses is to decrease the number of
microorganisms before and after using cleansing
solutions?2.

Yilmaz, et al.3> (2003) cited the ISO 1567, which
established that 4.5% would be an acceptable
limit for residual monomer for this kind of resin.
Gongalves, et al.?” (2008) verified that the amount
of residual monomer after 24 h of storage reduced
from 5.47% to 3.84%, which is a value considered
as biocompatible to tissues. Additional studies are
necessary to confirm the long-term behavior of
chromatic stability after both polishing techniques.

CONCLUSIONS

It can be concluded that the N1 acrylic resin
displayed the greatest color stability both by visual
analysis and by spectrophotometric analysis when
compared to the other resins. The accelerated aging
by ultraviolet radiation and water condensation
influenced significantly the color change of the
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ocular acrylic resins while the polishing technique
did not affect the color stability of these resins.
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