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ABSTRACT

Ocular prosthetics are mainly created to meet the aspect of esthetic consideration. The paint application in ocular 
prosthetics construction is remaining an option for Prosthodontist. This study aims to examine the effect of types of 
paint toward iris color change of the ocular prosthetics. Three black types of paint: oil paint (Maries Oil Color, China), 
automotive paint (Avian, Indonesia), and acrylic paint (Sakura, Japan) were used to paint paper disc to produce 27 iris 
ocular prosthetics. Chromameter was used to examine the first and the final color after acrylic processing using the 
microwave. The measurement results in the process using Commission Internationale de l’Eclairage. One-way ANOVA 
test showed significant differences between the three types of paints on ocular prosthetics (p<0.05). The LSD test 
revealed that oil paint groups had more significant results than the automotive paint group and acrylic paint group, while 
the automotive paint group did not have significant differences with the acrylic paint group (p>0.05). Thus, it is conclusive 
that oil paint influences the iris color change of the ocular prosthetics.
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INTRODUCTION

Eye loss does not only lead a person to experience 
a functional disability but also affects one’s aesthetic 
appearance.1 The creation of ocular prosthetics 
involves a sensitive technical procedure to ensure 
accurate duplication of the color, size, contour, 
and orientation of the natural eye as expected by 
the patient.2,3 During iris coloring, the technique 
of making and selecting the right type of paint is 
essential. The determination stage of the right iris 
color is the hardest part because of the stability 
of the paint color cannot be controlled during the 
acrylic polymerization process.3

Color changes in the manufacture of ocular 
prosthetics may occur due to the interaction between 
the paint and acrylic resin components because 
the presence of residual acrylic monomers affects 
the paint component, which is also a polymer. The 
determination stage of right iris color is complicated 
because the paint color stability cannot be controlled 
during the acrylic polymerization process.3,4

Therefore, during the coloring process, it is 
necessary to determine the correct type of paint and 
technique. Several studies have been conducted to 
find the appropriate color formation and the most 
suitable method in iris coloring. Research using oil 
paint, watercolors, acrylic paints, and automotive 
paints in brown and blue iris coloring concluded 
that blue oil paint had the best stability compared to 
other types of paint.5 On this basis, it is necessary 
to study the effect of type of paints on the iris color 
in black eye prostheses given the fact there was no 
research to address this issue.

MATERIALS AND METHODS 

This study has been approved to meet the ethical 
aspect based on the ethical clearance number 
001137/KKEP/FKG-UGM/EC/2017 from ethic 
research Committee Faculty of Dentistry Universitas 
Gadjah Mada. The study used twenty-seven 
samples of hot polymerized clear acrylic discs white 
acrylic (GC, China) samples, and waterproof papers 
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Table 2. Results of normality changes to iris color changes in 
eye prosthetics with different types of paint

Shapiro-Wilk test
Groups Statistics Probability (p)

Automotive paints 0.891 0.203
Oil paints 0.889 0.195
Acrylic paints 0.941 0.589

The normality test with Shapiro-Wilk in Table 
2 presents that the data of iris coloring changes 
in ocular prosthetics for all types of paints has a 
p value of >0.05. Therefore, the data population 
had a normal distribution. Levene’s test results 
in iris color changes of different types of ocular 
prosthetics using different types of paint showed p = 
0.7 (p>0.05). In other words, the population variant 
is homogeneous. One-way ANOVA test results 
revealed significant differences between different 
types of paints in ocular prosthetic (p<0.05). 

The LSD test result in Table 3 showed the 
differences in iris staining changes. Thus, it is 
possible to draw the following conclusions: the oil 
paint group showed the most significant difference 
(p<0.05) of other types of paint, while the automotive 
paint group did not lead to a significant difference 
as compared to the acrylic paint group (p>0.05).

Table 3. Least significances difference (LSD) test result of iris 
color changes in ocular prosthetic with different types of paint

 Type of paint Oil paint
Acrylic 
paint

Automotive 
paint

Oil paint    -2.0944*
Acrylic paint -1.540*
Automotive paint                     0.5542

*: There are significant differences

with a diameter of 15 mm and 1 mm thickness 
divided into three groups. The first group consisted 
of nine samples of clear acrylic plates, colored 
with black colored acrylic paint. The second group 
comprised of nine samples of clear acrylic plates 
stained with black oil paint. The last consisted of 
nine samples of clear acrylic plates stained with 
black automotive paint. The measurement of the 
initial color of the sample on acrylic plates was done 
using chromameter. After initial measurements, 
samples were heated with low power of 90 watts for 
13 minutes, 1 minute 12 seconds with a high power 
of 500 watts in microwave and were allowed to cool 
for 30 minutes. Color change measurements were 
carried out after treatment using chromameter (IKA, 
USA) for all samples according to the method of 
the commission of Internationale de l’Eclairage.1 
The color change data were analyzed by one-way 
ANOVA. Previously, the normality of the data was 
tested using Shapiro Wilk and the homogeneity of 
the data was tested with Levene’s test.

RESULTS

The color change of the sample type of paint is 
presented in Table 1, Figure 1 and Figure 2. The 
lowest mean of iris staining changes is shown by 
the oil paint group (0.712 ± 0.081). The highest 
average coloring change is indicated by the 
automotive paint group (2.807 ± 0.825). 

Table 1. Average and standard deviation of iris color changes in 
ocular prosthetics with different types of paint

Treatment group
Number of 
samples

Average ± SD

Automotive paints 9 2.807 ± 0.825
Oil paints 9 0.712 ± 0.081
Acrylic paints 9 2.253 ± 0.766

SD: Standard deviation

Figure1. The sample of automotive paint (A), oil paint (B), 
acrylic paint (C), before heated in the microwave 

 
Figure 2. The sample of automotive paint (A), oil paint (B), 
acrylic paint (C), after heated in the microwave 
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DISCUSSION

The results of the measurement of color changes 
in paint used in making eye iris prosthesis showed 
a variation in mean values. The smallest mean 
value of color change is resulted by the oil paint. 
Oil paint has better color stability due to the content 
of opacifier (zinc oxide) making it more resistant to 
temperature changes.4,6 Moreover, it contains an 
additive material, which causes more resistance 
to polymerization heating of acrylic and microwave 
heating. Automotive paint has the highest average 
color change of all the three because the content 
of binder in the form of acrylic resin in automotive 
paint causes instability when chemical reactions 
occur with acrylic monomers and electromagnetic 
waves generated by microwaves.7 Automotive 
paints and acrylic paints have the same binder, 
acrylic resin. Heat damages the binder and it 
causes color changes.6 Research on the blue color 
revealed that oil paint has the lowest color changes 
of all other three (watercolor, automotive paint, and 
acrylic paint).8

One-way ANOVA test demonstrated that 
there were significant different results between oil 
paint, acrylic paint, and automotive paint (p<0.05). 
The three types of paint underwent a process of 
discoloration. This process made the oil paint have 
the smallest color change, followed by acrylic paint, 
and automotive paint. This result is attributed to the 
fact that the type of oil paint solvent uses natural 
oil, known as flaxseed oil which is more resistant to 
temperature changes during polymerization.8 The 
oil paint binding material does not contain water so 
that it does not experience any evaporation in the 
drying process, but the reaction absorbs oxygen 
from the air. When the iris was heated in the 
microwave, there was no excessive evaporation 
of water from the oil paint. This is what makes it 
different from acrylic paints and automotive paints 
which have water-based solvents. The water-based 
solvents in the acrylic and automotive paints led to 
the drying process that involved water evaporation 
to remove the paint component. Normally, the 
drying process of acrylic and automotive paint can 
take days to a year. The exposure to heat during 

microwave heating fastened the water evaporation 
of the paint, damaging the chemical bond in the 
paint.7

The LSD test in iris changes staining in ocular 
prosthetics with different types of coloring paint 
showed a significant difference between oil paint, 
automotive paint, and acrylic (p<0.05). However, 
the LSD test of automotive paint and acrylic paint 
did not differ significantly (p>0.05). The temperature 
of heat produced during the polymerization process 
of acrylic and heating using a microwave can 
affect the color used in making iris. Temperature 
is an important factor in the degeneration process 
(oxidation or hydrolysis) since it can damage 
the polymer bonds.7,9 The research by Bonnati 
concluded that the color change of less than 1.00 
cannot be seen visually, but the color changes of less 
than 3.00 can be accepted clinically.10 The process 
of damage to these chemical bonds can also be 
observed in the effects of long-term use of paint  
exposed to physical and chemical conditions, 
such as exposure to changes in temperature 
and humidity.11 The results of acrylic paints and 
automotive paints have an insignificant differences 
compared to the result of oil paints because they 
have the same binder composition of acrylic resin.12

Changes of less than 1.00 cannot be observed 
visually, while changes of less than 3.3 are still 
clinically acceptable. However, the changes of 
more than 3.3 of these materials are not suitable for 
use.13 This means that clinical discoloration and the 
results obtained from this study are still acceptable 
(the biggest average is automotive paint with 2.807                                                                                                       
± 0.825). Oil paint has the best color change because 
after going through a further polymerization process 
using a microwave, its color changes could not be 
distinguished visually.14,15 Although the discoloration 
of automotive paints and acrylic paints was visible, 
the results were still clinically acceptable. Thus, it 
indicates that this type of paint is influential in the 
manufacture of ocular prosthetics. Oil paint has the 
smallest color change of all the three types of paints. 
Clinically, the changes in the three types of paint 
are still acceptable, but the changes experienced 
by oil paint cannot be distinguished visually.
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CONCLUSION

Based on the study, it is concluded that the type of 
oil paint affects the iris color changes in the ocular 
prosthesis. Further research needs to determine the 
effect of the type of paint used for eye prosthesis by 
considering the sunlight factor of the color changes 
in the ocular prosthetics.
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