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ABSTRACT

Aims: In this study, it was aimed to compare the amount of coloration of composite resins with different filler content by keeping
them in various coloring solutions after standard and additional polymerization processes.

Methods: Three types of composite resins with different contents were used in our study: Filtek™ Z250 (3M ESPE), G-aenial
Anterior (GC) and Neo Spectra™ ST HV (Dentsply Sirona). A total of 240 composite resin samples were prepared, 10 (n:10) for
each group, using molds with a depth of 2 mm and a diameter of 8 mm. The polymerization of the samples was carried out for 20
seconds using a LED curing device (Woodpecker Led-G, China). After finishing and polishing was done with Super-Snap (Shofu,
JAPAN) finishing discs, additional polymerization was performed on half of the samples. Then, all samples were kept in distilled
water for 24 hours at 37°C in an oven (Microtest MST 55, Ostim Ankara). The first color measurement of the samples extracted
from distilled water was made with a spectrophotometer device [VITA Easyshade V (Vita Zahnfabrik, Bad Sackingen, Germany)].
After the first measurement, the samples placed in 100-mesh plastic containers were placed on bags of tea (Lipton, Rize, Turkey),
filtered coffee (Nescafe Classic, Nestle, Turkey), mouthwash containing chlorhexidine (Kloroben mouthwash, Drogsan, Ankara,
Turkey) and red wine (Buzbag). Classic, Okiizgozii-Bogazkere, 2021 Elazig, Turkey) was added. One week later, the samples were
removed from the vacuum furnace, washed in distilled water, and the second measurements were made.

Results: A statistically significant difference was found between the coloration values caused by the solution groups (p<0.05). It
was observed that the solution causing the most color change was wine, followed by coffee and tea, respectively. Although there
was no statistically significant difference between the coloration values caused by the composite groups (p>0.05), it was determined
that the composite resin material with the lowest color change was the microhybrid-based Filtek™ Z250. Although there was no
statistically significant difference between the coloration values caused by standard and additional polymerization (p>0.05), it was
determined that the additional polymerization process affected the color change amount of the materials positively.

Conclusion: According to the findings of this study; Among the coloring solutions used, it was observed that the solution
causing the most coloration in composite resins was red wine, followed by coffee, tea and mouthwash containing chlorhexidine,
respectively. However, it was concluded that the addition polymerization process reduces the coloration of the composite resins.

INTRODUCTION

With the increase in aesthetic awareness in today’s society,
patients have started to demand treatments that are longer
lasting and meet the aesthetic needs of physicians. In order to
meet these demands, composite resins have started to be used
more in dentistry practice. It is thought that these materials
can be better recognized and better treatments can be made
by conducting studies on the properties and causes of failure
of composite resins. Clinical success in aesthetic restorations;
It depends on many factors, such as filler and resin matrix
structure, polish ability and color compatibility of the material
used. At the same time, color stability should be very good
for composite resins made. Otherwise, after a certain period,
discoloration occurs in the restorations and the need for renewal

occurs. In this sense, the areas where patients complain the most
are the aesthetic restorations made to the anterior teeth.'

Water absorption, surface hardness and roughness of
the composite resins, polymerization method, finishing and
polishing processes are the factors affecting the color stability.
At the same time, the patient’s hygiene and consumption
habits also affect color stability.?

When the color stability studies on composite resins
were examined, it was seen that coloring solutions such as
tea, coffee, cola, fruit juice and red wine were used and they
caused different levels of coloration. It is very important that
dental materials used in the mouth maintain their color
stability after exposure to liquids with coloring properties.?
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The aim of our study; The aim of this study is to evaluate
the coloration levels of composite resins with different
contents kept in coloring solutions after standard and
additional polymerization processes.

METHODS

This study does not contain any human or animal
materials. It is an in vitro study under laboratory conditions.
Therefore, it does not require an ethics committee approval.
Institutional approval has been obtained. All procedures
were carried out in accordance with the ethical rules and
the principles.

This work; It was planned to evaluate the effect of the
addition polymerization process on the color stability
of three different composite resins with different filler
content. In our study, one micro hybrid-based Filtek™ Z250
composite resin (3M ESPE), one nano hybrid-based G-aenial
Anterior (GC) composite resin and one nano ceramic-based
Neo Spectra™ ST HV (Dentsply Sirona) composite resin
material were preferred to be used.

As aresult of the power analysis of our study; The number
of samples for each group was determined as 10 (n=10), with
a 95% confidence interval and 5% sensitivity. A total of 240
test materials were prepared, 80 for each composite resin,
by a single researcher at the Dicle University Faculty of
Dentistry Restorative Dentistry Clinic. The materials were
condensed by placing them in plastic molds with a depth
of 2mm and a diameter of 8mm with the help of a mouth
spatula. Then, it was compressed between the transparent
tape and two glass plates and polymerized for 20 seconds
with the help of an LED light device (Woodpecker Led-G,
China) in accordance with the recommendations of the
manufacturers.

Before the polymerization process, the power of the
light device was checked by means of a radiometer (Hilux,
Benlioglu Dental AS, Ankara, Turkey). 80 samples prepared
from each test material were divided into 4 groups of twenty
(n=20). For the finishing and polishing of the materials
used in the study; Super-Snap (Shofu, JAPAN) finishing
disc sets were used. Polishing and finishing processes were
performed on the upper surfaces of the materials close to
the light device during the polymerization, in accordance
with the instructions of the manufacturers. A new disk was
used for each sample.

Twenty samples with standard polymerization in
each group were separated as “standard light group”. The
polished surfaces of the remaining 20 test materials were
subjected to additional polymerization for 20 seconds and
separated as the “additional light group”. All samples were
washed under tap water and then dried. Before placing the
samples in colorant solutions, they were kept in distilled
water for 24 hours in an oven at 37°C (Microtest MST 55,
Ostim Ankara) (Picture 7).

The first color measurements of the test samples, which
were removed from distilled water and dried at the end of
24 hours, were performed using a spectrophotometer device
[VITA Easyshade V (Vita Zahnfabrik, Bad Sackingen,
Germany)].

For the reliability of the measurement process, the
measuring tip of the device was placed at an angle of 90°
to the surface. Each color measurement was repeated
three times and the average of these measurement results
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was recorded as L0*, a0* and b0* values according to
the CIELAB method. Color measurement samples were
numbered. The spectrophotometer device was calibrated
for each measurement. After the first measurement, all
samples were placed in four different plastic molds with 100
pores in order of number. Tea bags (Lipton, Rize, Turkey),
filtered coffee (Nescafe Classic, Nestle, Turkey), mouthwash
containing chlorhexidine (Kloroben mouthwash, 0.12%
chlorhexidine gluconate, Drogsan, Ankara, Turkey) and red
wine (Buzbag) to provide color change on them. Classic,
13% alcohol, Okiizgiizii-Bogazkere, 2021, Elazig, Turkey)
prepared solutions were added, and the samples were kept
in an oven at 37°C for 1 week.

The tea solution in which the samples will be placed was
prepared by brewing a tea bag in 250 ml of boiled water.
The coffee solution in which the samples will be placed was
prepared by adding 2 grams of coffee to 200 ml of boiled
distilled water, mixing and filtering it with filter paper
after 10 minutes. All solutions were freshly prepared and
refreshed daily.

After one week, the samples removed from the solutions
were washed with distilled water and dried with blotting
paper. The samples were subjected to color measurement for
the second and last time, paying attention to their sequence
numbers. The final measurements were repeated three
times for each sample, as in the beginning and the averages
were recorded. The difference (AE value) between the two
measurements was calculated using the formula

AE*=[(L1*-L0%)2+(al*-a0%)2+(b1*-b0*)2] 5.

RESULTS

The data obtained in our study were analyzed with
the licensed IBM SPSS 21 package program (License
number: 5f551afac84a24ad7a95). While investigating the
normal distribution of the variables; Shapiro Wilk’s and
Kolmogorov-Smirnov tests were used due to the number of
units. While interpreting the results; In the case of p<0.05
as the significance level, it was accepted that the variables
did not come from the normal distribution, and in the case
of p>0.05, the variables came from the normal distribution.

To determine the effect of the factors on the dependent
variable; Two Way ANOVA test was used. Significantly,
different groups and interaction levels were determined.
When examining the differences between groups;
Independent T Test and One-Way ANOVA were used
because the variables came from normal distribution. In
case of significant differences in One-Way ANOVA, Tukey
HSD was used when the variances of the groups were
homogeneous, and Tamhane’s analysis was used when the
variances were not homogeneous.

As a result of the analysis of the effect of the factors on
the dependent variable AE;

o The effect of the composite group on the dependent
variable AE was not statistically significant (p>0.05).

o The effect of the solution group on the dependent variable
AE was found to be statistically significant (p<0.05). The
lowest value for AE is in Chlorhexidine solution.

o The effect of the light group on the dependent variable
AE was not statistically significant (p>0.05).

o The interaction effect of Composite and Solution groups
was statistically significant on the dependent variable
AE (p<0.05).
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o The interaction effect of composite and light groups was
not statistically significant on the dependent variable AE
(p>0.05).

o The interaction effect of solution and light groups was
not statistically significant on the dependent variable AE
(p>0.05).

o The triple interaction effect of Composite, Solution
and light groups was not statistically significant on the
dependent variable AE (p>0.05).

Although there was no statistically significant difference
between the coloration values (AE) caused by the composite
groups (p>0.05), it was determined that the composite resin
material with the highest color change was GC, followed by
the Spectra material.

Although there was a statistically significant difference
between the coloration values (AE) caused by the solution
groups (p<0.05), it was observed that the solution causing
the most color change was wine, followed by coffee and tea,
respectively (Table 1).

Table 1. Analysis results regarding the difference between solution

groups in terms of AE values

AE One Way
Solution ANOVA
n Mean Median Min Max Sd F P
Tea 60 2.893 299 0.221 6.286 1.544
Wine 60 4.325 4.142 0.667 11.547 1.921
Coffee 60 3.24 2997 0.165 7.024 1.629 24.882 0.001
Chlorhexidine 60 1.889 1.723 0.159 4.484 1.003
Total 240 3.087 2.852 0.159 11.547 1.779

According to the results of the multiple comparison
test performed to determine which solution the difference
originated from; wine solution was found to have a
significantly higher coloring value than all other solutions
(p<0.05).

It was determined that the chlorhexidine solution had a
significantly lower coloring value than all other solutions
(p<0.05). It was determined that the difference in coloring
value only between the tea solution and the coffee solution
was not statistically significant (p>0.05) (Table 2).

Table 2. Results of coloration values according to Tamhane’s multiple

comparison test

I. Solution I1. Solution P
Tea Wine 0.001
Tea Coffee 0.796
Tea Chlorhexidine 0.001
Wine Coffee 0.007
Wine Chlorhexidine 0.001
Coffee Chlorhexidine 0.001
Although there was no statistically significant

difference (p>0.05) between the coloration values caused
by the standard and additional polymerization (AE),
it was determined that the additional polymerization
process affected the color change amount of the materials
positively.

Although there was a statistically significant difference
between the color change values (AE) observed in all
three composite resin materials kept in different solutions
(p<0.05), it was observed that the solution causing the
most color change was wine, followed by coffee and tea,
respectively. (Table 3).

According to the results of the multiple comparison
test performed to determine which solution caused the
difference between the color change values of the 3M
composite resin material; It was determined that the wine
solution had a significantly higher coloring value than all
other solutions (p<0.05). However, the coloring value of
the chlorhexidine solution was found to be significantly
lower than the coffee solution (p<0.05). It was determined
that the difference between the coloring values of all other
solutions was not statistically significant (p>0.05).

According to the results of the multiple comparison
test performed to determine which solution caused the
difference between the color change values of the GC
composite resin material; It was determined that the
chlorhexidine solution had a significantly lower coloring
value than all other solutions (p<0.05). It was determined
that the difference between the coloring values of all other
solutions was not statistically significant (p>0.05).

Table 3. Analysis results regarding the difference between solutions in terms of AE values in composite groups

AE One Way ANOVA
Composite Solution
n Mean Median Min Max Sd F P
Tea 20 2.336 2.048 0.672 4.988 1.228
Wine 20 4.838 4.657 2.462 6.922 1.261
3M Coffee 20 2.981 2.715 0.165 6.513 1.703 22.503 0.001
C.hexidine 20 1.808 1.745 1.158 2.734 0.463
Total 80 2.991 2.536 0.165 6.922 1.68
Tea 20 3.538 3.264 0.508 6.286 1.584
Wine 20 4.303 3.822 1.532 11.547 2.532
GC Coffee 20 3.64 3.394 1.109 7.024 1.86 7.806 0.001
C. hexidine 20 1.37 1.082 0.159 4.168 1.027
Total 80 3.213 2.983 0.159 11.547 2.113
Tea 20 2.805 2.907 0.221 5.543 1.616
Wine 20 3.833 3.996 0.667 6.68 1.712
Spectra Coffee 20 3.1 3.047 0.219 5.116 1.275 9.903 0.001
C.hexidine 20 2.489 2.691 0.723 4.484 1.09
Total 80 3.057 2.949 0.219 6.68 1.504
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According to the results of the multiple comparison
test performed to determine which solution caused the
difference between the color change values of the Spectra
composite resin material; only the coloring value of the
wine solution was found to be significantly higher than
the chlorhexidine solution (p<0.05). It was determined
that the difference between the coloring values of all other
solutions was not statistically significant (p>0.05) (Table 4
and Graphic 1).

Table 4. Results of coloration values according to Tamhane’s multiple
comparison test

Composite I. Solution II. Solution P
Tea Wine 0.001
Tea Coftee 0.691
aM Tefl Chlorhexidine 0.412
Wine Coffee 0.002
Wine Chlorhexidine 0.001
Coffee Chlorhexidine 0.042
Tea Wine 0.836
Tea Coffee 1.0
GC Tea Chlorhexidine 0.001
Wine Coffee 0.925
Wine Chlorhexidine 0.001
Coffee Chlorhexidine 0.001
Tea Wine 0.302
Tea Coffee 0.988
Tea Chlorhexidine 0.979
Spectra .
Wine Coffee 0.577
Wine Chlorhexidine 0.034
Coffee Chlorhexidine 0.509

When the color change observed in the case of additional
polymerization of composite resin materials kept in different
solutions was compared with the color change that occurred
with standard polymerization, there was no statistically
significant difference between the AE values (p>0.05).
However, it was observed that the color of the GC material,
which was kept in a single wine, became darker with the
application of additional polymerization.

DISCUSSION

Studies carried out to meet the aesthetic expectations
of patients have enabled composite resins to find more use
in dentistry practice. In line with the goal of increasing the
success rate and clinical life of composite restorations, some
changes have been made in the filler content and volume of
the materials, and their physical and mechanical properties
have been improved. However, the long-term discoloration
problem in composite resins has not been completely
prevented.*

Color changes in composite resins can result in
restorations being renewed. Restoration renewal processes,
on the other hand, can cause loss of workforce and time for
both the physician and the patients, as well as the loss of
substance in the teeth.’

One of the most important reasons for the color change
seen in composite restorations is the nutritional habits
of the patients. In particular, some beverages such as tea,
coffee, cola and wine may cause discoloration in the teeth.>
Some substances in the structure of these drinks are held
responsible for the coloration. For example, in the researches;
It is mentioned that tannic acid in black tea, melanoid (yellow-
colored molecules) in the structure of coffee or alcohol and
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some pigments in red wine have dyeing ability because they
show affinity for the polymer network of composite resins.”
In addition, the color factors and fluoride in the antiseptic
mouthwashes, which are frequently used during periodontal
diseases and gingival problems, are also responsible for
the color change in composite restorations.® Therefore, it
is recommended to consider the consumption habits of the
patients, especially when deciding on the type of composite
resin to be used for anterior restorations.”

Coloring solutions such as tea, coffee, cola, and wine are
generally used in most studies testing beverage consumption-
induced discoloration in composite resins. In a study by
Arocha et al., it was reported that the solution causing the
most color change in composite resins was red wine, followed
by coffee and black tea, respectively.’

The amount of tea consumption in our country is quite
high compared to other societies.'” The rapid increase in the
number of places where coffee is consumed in recent years
has led to an increase in the rate of coffee consumption in our
society."

Considering the consumption habits in our country,
it was preferred to use tea and coffee as a solution in our
current study. Again, mouthwashes containing red wine and
chlorhexidine, which we think have a high coloring rate, were
also included in our study in order to compare with similar
research results.

The resistance of composite resins to coloration It
depends on many factors such as the structure of the
resin matrix and the amount of water absorption, the
size and content of the filler particles, the continuity of
the matrix-filler connection of the resin, as well as the
surface properties of the material and the success of the
finishing and polishing processes."> Based on this view, in
our study; The color stability of three different composite
resin materials containing one microhybrid (3M Filtek™
7250), one nanohybrid (G-aenial Anterior, GC) and one
nanoceramic (Neo Spectra™ ST HYV, Dentsply Sirona) was
evaluated.

In studies evaluating color stability and water absorption
in composite resins, it has been determined that the amount
of coloration is related to the rate of water absorption and
the retention time in solution. It has been reported that
water plays an intermediary role between color pigments
and the resin matrix."* Studies have shown that in order for
composite resins to change color, it is usually sufficient to
keep them in solution for about a week.'" In the researches,
it was recommended to keep the composite resin samples in
distilled water for one week and then in the coloring solution
for 2-3 weeks before being placed in the coloring solution.
In similar studies, it was stated that it would be appropriate
to measure the color after the samples, which were kept in
the coloring solution for about 3 hours, were left in distilled
water for 21 hours.”® It has been reported that the purpose
of this process is to remove the unreacted substances in the
structure of the composite resin and to ensure the hardening
of the resin after polymerization.'®

Nasim et al."® on the other hand, stated that the highest
color change period in composite resins kept in coloring
solutions for different periods is the first one-week period. In
our study, it was deemed appropriate to keep the composite
resin samples in distilled water for one day in order to detect
the color change, and to keep them in the coloring solution
for a similar time period of one week.
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While some of the researchers recommended keeping
the test samples at room temperature, the majority preferred
keeping them at 37°C."* Yara Khalid et al.'® recommended
that the samples be kept in an oven at 37°C and stated that
the oven device creates a balanced temperature distribution
thanks to the fan circulation.

Since it is known that the average intraoral temperature
value in humans is about 36.4°C, our samples were kept in
an oven at 37°C in our study.

It has been reported that in order to ensure adequate
polymerization in composite resins after light treatment,
the resin should be at most 2 mm thick, otherwise the resin
could not polymerize sufficiently.'” Studies have found that
insufficient polymerization in composite resins increases the
coloration of the material, while additional polymerization
reduces it.»'>!8

Based on this point of view, in order to apply additional
light, it is recommended to remove the matrix band and
apply light again after the polymerization process, or to apply
additional light to the lower surface or both the lower and
upper surfaces after the samples are polymerized. However,
it has been reported that additional light can be applied after
finishing and polishing processes in order to improve the
physico-mechanical properties of the composite surface.'>*°
In our study, the composite samples that we placed in 2 mm
thick plastic molds were polymerized for 20 seconds with a
LED light device (Woodpecker Led-G, China) in accordance
with the instructions of the manufacturers. After finishing
and polishing the upper surfaces of the materials, additional
light was applied to the polished surfaces of half of the
samples for 20 seconds.

In many studies, it has been reported that the smoothest
surface for composite resins is created by using transparent
tape.”! However, smooth surfaces created using transparent
tape often become rough when occlusal adjustments are
made to restorations. Therefore, it is recommended to
finish and polish the surfaces of composite resins after
polymerization. Otherwise, an oxygen inhibition layer
containing incompletely polymerized monomers forms on
the surfaces of the composite resins, and thus gingivitis,
secondary caries, plaque increase and discoloration may
occur. The oxygen inhibition layer, which is sensitive to
coloration, is also cytotoxic.?* Patel et al.’” emphasized
that polishing processes on composite resins will create
smoother and smoother surfaces and will change color
less. For this purpose, discs containing aluminum oxide
have been used in many studies.”>* In our study; In order
to prevent the formation of an oxygen inhibition layer on
the composite resin surface and to create smoother surfaces,
we performed the polymerization process by placing
transparent tapes on both surfaces of the samples. At the
same time, light was applied by placing a glass coverslip on
the material in all samples in order to create a standard light
distance during polymerization. Subsequently, the finishing
and polishing processes of all samples were completed using
discs containing aluminum oxide.

In dentistry, color measurement in restorations is
made by visual methods or by using color measuring
devices. Color selection by visual measurement The
lighting conditions of the environment, the clothes that the
patient wears during color measurement, the make-up, the
eyestrain of the dentist or metamerism can prevent reliable
measurement. However, the possibility of inconsistent

results in color selection made by visual methods has
increased the use of color measuring devices. Thanks to
these devices, it is possible to make repeatable, consistent
and more reliable color measurements.*

The biggest advantages of spectrophotometer devices
are that they can make consistent measurements for a long
time and give results in accordance with standards. Because
of these features, they have been the most frequently used
devices for color measurement in dentistry.®

Directoroglu et al.,, as a result of a study in which
they evaluated the success of the devices used in color
measurement; They stated that the spectrophotometer
device can make more reliable measurements compared
to the colorimeter device. The reason for this is that
colorimeter devices cannot record the spectral reflection
and the filter in the device loses its effectiveness over time.?

In vivo* and in vitro*®* studies on the consistency
and performance of measurement devices used for the
detection of color change have reported that the ‘Vita
EasyShade’ spectrophotometer device gives successful
results. In our study, the detection of color change in the
samples It is preferable to use the Vita Easyshade V (Vita
Easyshade V, Vita Zahnfabrik, Bad Sackingen, Germany)
spectrophotometer device as it can measure colors in the
400-700 nm range, allows repeat measurements, provides
reliable results and gives the L* a* b* value together with its
vita scale counterpart. was done.

It has been stated that standardization of ambient
conditions is important in order to make standard
measurements with a spectrophotometer device, for
example, the lighting condition of the environment where
the measurement is made and the color of the ground can
have an effect on the results obtained.***

Based on this point of view, we performed the color
measurements of the samples under darkroom conditions,
under fluorescent daylight lamp illumination and on a
white background. Thus, the effect of ground and lighting
conditions on the results was tried to be eliminated. All
measurements were made by the same person with the tip of
the device placed at an angle of 90 degrees to the sample. At
the same time, before measuring for each sample, the device
was calibrated in accordance with the instructions for use.

CIE Lab and CIEDE 2000 systems are generally used
to calculate the color change that occurs in restorative
materials. In many studies on the subject; It has been
reported that the CIE Lab system is used more frequently
and is more successful in detecting color differences.
However, in the literature, the success of the CIEDE 2000
system in detecting much smaller color differences is
mentioned.*>* In our study, the analysis of color change in
composite resin materials was performed using the CIEDE
2000 system.

The color change in the materials is determined by
mathematically calculating the difference (AE) between
the first measurement and the last measurement. The
human eye has the capacity to detect color differences (AE)
up to a certain threshold value. In studies, different ideas
have been put forward about the limit value of clinically
detectable color difference (AE). There are studies that
think that the critical AE value for visible color change in
the clinical setting should be 3.3%** or 3.7.° As a result of a
research conducted by Johnston and Kao on color change;
It was stated that if the AE value is less than 1, the change
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cannot be detected, if it is between 1-2 values, the observers
can partially notice the change, and if it is greater than 2,
all observers can notice the color change.*® According to a
study by Ragain and Johnston, it was reported that dentists
were able to detect a clinical AE color difference of 1.78,
whereas this value was 2.69 for patients.?”

In a study by Paravina et al.*® emphasized that the AE
value should be greater than 3.7 in the CIE Lab system and
3.1 in the CIEDE 2000 system in order for color stability to
be considered clinically unsuccessful.

Similarly, in our study using the CIEDE 2000 system,
values with AE greater than 3.1 were considered clinically
unsuccessful in the color change analysis.

Reis et al.** in their study, stated that the structure of
the material and the amount of organic matrix filler are
important in the color change of composite resins. In
composite restoration applications, it is emphasized that
the reason for the discoloration of the interfaces where the
finishing and polishing processes cannot be fully performed,
which is difficult to access, is usually related to the organic
matrix. However, it has been reported that composite resins
containing urethane dimethacrylate (UDMA) have higher
staining resistance than resins containing triethyleneglycol
dimethacrylate(TEGDMA).*°

In the surface roughness and color change studies of
Lainovic et al.*' using two microhybrid (Filtek Z250, Gradia
Direct) and two nanohybrid (Filtek Z550, Tetric EvoCeram)
composite resins; It has been reported that nanohybrid
composites are more rough and discolored compared to
microhybrid composites. It has been thought that the
presence of large filler structures in nanohybrid composites,
surface irregularities and defects during polishing may
cause this situation.

Ertas et al.*” as a result of a study in which they examined
the coloration level of composite resins with microhybrid
and nanohybrid structures placed in water, cola, tea and red
wine solutions, it was reported that Filtek Z250 and Filtek
P60 microhybrid composite resin materials, which do not
contain TEGDMA in the matrix content, undergo the least
coloration (lowest AE).

In our study with similar solutions, it was determined
that the microhybrid Filtek Z250 composite material
exhibited less coloration compared to other composites.
We believe that the better color stability in Filtek Z250
composite resins is due to the replacement of TEGDMA
structure with hydrophobic UDMA.

In the study of Giiler et al.** to compare the color stability
of composite resin samples kept in different beverages; It
was observed that the amount of coloration caused by red
wine was above the clinically acceptable level (AE>3.1) in
all groups and the coloration value caused by tea was below
this level in all groups. The amount of coloration caused by
the coffee solution has been reported to be above this level
in some composite groups.

As a result of many researches; It has been reported
that the amount of coloration caused by tea and coffee
solutions on composite resins is at a clinically acceptable
level (AE<3.1). However, there are also studies claiming the
opposite (AE>3.1).* The reason why the results are different
It has been attributed to the differences in the way the
solutions are prepared and the application procedures.**

In our study, the clinical acceptability of the
discolorations produced by tea and coffee solutions varied
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according to the materials used and application procedures.

In a study by Yapar et al, they kept dimethacrylate-
based composite resins in tea, coffee, cola and red wine
solutions for a week; explained that the solution causing the
most coloration was red wine (AE>3.1), followed by coftee
and tea, respectively.’>*

According to the results of another study by Barutcigil et
al.' It was stated that red wine caused the most coloration in
composite resins, followed by coffee, tea and distilled water,
respectively.

Falkensammer et al.*é In a similar study using red wine,
black tea and chlorhexidine-containing mouthwash, they
found that red wine caused the most coloration on composite
resins, while mouthwashes containing chlorhexidine showed
less coloration than red wine and tea in all study groups. It
has been stated that the acidic structure of red wine and the
presence of color pigments that change over time play a role
in the emergence of this result. The amount of coloration
caused by chlorhexidine-containing mouthwashes was
found to be clinically acceptable (AE <3.1).

It is stated that the acidic nature of red wine, as well
as its alcohol content, impairs the surface integrity of the
composite resin and causes surface coloration. For all these
reasons, it is stated that the composite restoration surfaces
become rougher and the absorption of color pigments
becomes easier.*

Consistent with these studies, in our study, it was
determined that the solution that caused the most coloration
was red wine, followed by coffee, tea and chlorhexidine-
containing mouthwash, respectively. The amount of
coloration caused by the red wine solution was found to be
clinically unacceptable (AE>3.1). It was determined that the
mouthwash containing chlorhexidine caused less coloration
compared to all other solutions, and this amount of color
change was at a clinically acceptable level (AE <3.1).

Although it has been reported that the additional
polymerization process in composite resins positively affects
the mechanical properties of the resin, there are also studies
claiming the opposite.*® It is thought that the reduction
of the resin polymerization rate and the limitation of the
degree of conversion after a certain time limit the positive
effect of the addition polymerization.**-** As a result of this
study, in which we investigated the effect of the addition
polymerization process on the color stability of different
types of composite resins; It was found that the addition
polymerization process reduced the surface coloration.

CONCLUSION

1.In our study, it was determined that the samples
applied an additional polymerization process showed
less coloration. It has been observed that the addition
polymerization process affects the mechanical properties
of the composite resins positively and thus the color
stability can be better.

2.In order to prevent the discoloration problem seen in
composite restorations in the clinic, it is recommended
that physicians perform additional polymerization after
the finishing and polishing stages.

3.In our study, the solution causing the most coloration
among all composite groups was red wine; The
mouthwash containing chlorhexidine was the solution
that caused the least coloration.
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4.Considering the aesthetic concerns of the patients,
polishing and polishing processes should be done very
well, especially in the anterior region restorations. In
addition, the consumption habits of the patients should
also be considered. Suggestions such as rinsing the
mouth with water and brushing the teeth can be given to
the patients after the coloring foods are consumed.

5.In our study, the samples showing the least coloration
were the microhybrid-based Filtek™ Z250 composite
resin. It is thought that the structure of the material
and the amount of organic matrix filler are important
in the color stability of composites and resins. For this
reason, the content of the material to be used in aesthetic
restorations should be considered.

ETHICAL DECLARATIONS

Ethics Committee Approval: This study does not contain
any human or animal materials. It is an in vitro study under
laboratory conditions. Therefore, it does not require an ethics
committee approval.

Informed Consent: This study is in vitro study under
laboratory conditions. Therefore, it does not require informed
consent.

Referee Evaluation Process: Externally peer-reviewed.

Conflict of Interest Statement: The authors have no
conflicts of interest to declare.

Financial Disclosure: The authors declared that this
study has received no financial support.

Author Contributions: All of the authors declare that
they have all participated in the design, execution, and
analysis of the paper, and that they have approved the final
version.

Acknowledgement: This article was taken from the
specialty thesis in dentistry named “Effect of additional
polymerization process on color change in composite
resins hold in different solutions” supervised by Asst. Prof.

REFERENCES

1.

Barutcigil C, Yildiz M. Intrinsic and extrinsic discoloration of
dimethacrylate and silorane based composites. ] Dent. 2012;40 Suppl 1:
e57-e63. doi:10.1016/j.jdent.2011.12.017

. Geng G, Toz T. Rezin kompozitlerin renk stabilitesi ile ilgili bir derleme:
kompozit renklenmelerinin etyolojisi, siniflandirilmas: ve tedavisi. Ege
Univ Dis Hek Fak Derg. 2017;38(2):68-79.

. Tiirkiin LS, Tirkiin M. Effect of bleaching and repolishing procedures
on coffee and tea stain removal from three anterior composite
veneering materials. J Esthet Restor Dent. 2004;16(5):290-302.
doi:10.1111/§.1708-8240.2004.tb00056.x

. Chen MH. Update on dental nanocomposites. ] Dent Res. 2010;89(6):549-
560. doi:10.1177/0022034510363765

. Ren YF, Feng L, Serban D, Malmstrom HS. Effects of common beverage
colorants on color stability of dental composite resins: the utility of a
thermocycling stain challenge model in vitro. ] Dent. 2012;40 Suppl 1:
e48-e56. doi:10.1016/j.jdent.2012.04.017

. Tuncer D, Karaman E, Firat E. Does the temperature of beverages affect

the surface roughness, hardness, and color stability of a composite resin?.

Eur ] Dent. 2013;7(2):165-171. doi:10.4103/1305-7456.110161

Patel SB, Gordan VV, Barrett AA, Shen C. The effect of surface finishing

and storage solutions on the color stability of resin-based composites. |

Am Dent Assoc. 2004;135(5):587-654. doi:10.14219/jada.archive.2004.0246

. Elhejazi AA, Ateyah N. The effect of different mouthwashes on color
stability of tooth-colored restorative materials. Egypt Dent J. 2005; 51:
1943-1947.

. Arocha MA, Mayoral JR, Lefever D, Mercade M, Basilio ], Roig M.

Color stability of siloranes versus methacrylate-based composites after

immersion in staining solutions. Clin Oral Investig. 2013;17(6):1481-1487.

doi:10.1007/s00784-012-0837-7

o

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

. Sahin H, Ozdemir F. Importance of tea in daily life of Turkish people. The
3rd International Conference on O-CHA (Tea) Culture and Science, ICOS
2007 (Japan);1-3.

Akit Asik N. Degisen kahve titketim aligkanliklar1 ve tiirk kahvesi tizerine
bir aragtirma. ] Tourism Gastronomy Studies 2017;5(4):310-325. doi:
10.21325/jotags.2017.152

Lu H, Roeder LB, Lei L, Powers JM. Effect of surface roughness on stain
resistance of dental resin composites. ] Esthet Restor Dent. 2005;17(2):102-
109. doi:10.1111/j.1708-8240.2005.tb00094.x

Bagheri R, Burrow MF, Tyas M. Influence of food-simulating solutions
and surface finish on susceptibility to staining of aesthetic restorative
materials. ] Dent. 2005;33(5):389-398. doi:10.1016/j.jdent.2004.10.018
Diamantopoulou S, Papazoglou E, Margaritis V, Lynch CD, Kakaboura
A. Change of optical properties of contemporary resin composites after
one week and one month water ageing. J Dent. 2013;41 Suppl 5:e62-e69.
doi:10.1016/j.jdent.2013.04.001

Yap AU, Tan SH, Wee SS, Lee CW, Lim EL, Zeng KY. Chemical
degradation of composite restoratives. J Oral Rehabil. 2001;28(11):1015-
1021. doi:10.1046/j.1365-2842.2001.00760.x

Alkhadim YK, Hulbah M]J, Nassar HM. Color shift, color stability, and
post-polishing surface roughness of esthetic resin composites. Materials
(Basel). 2020;13(6):1376. d0i:10.3390/mal3061376

Sakaguchi R, Ferracane ], Powers J. Craig’s restorative dental materials
ebook: Elsevier Health Sciences 2018.

Gaintantzopoulou M, Kakaboura A, Vougiouklakis G. Colour stability
of tooth-coloured restorative materials. Eur J Prosthodont Restor Dent.
2005;13(2):51-56.

Goniilol N, Yilmaz F. The effects of finishing and polishing techniques
on surface roughness and color stability of nanocomposites. J Dent.
2012;40 Suppl 2:e64-€70. doi:10.1016/j.jdent.2012.07.005

Barakah HM, Taher NM. Effect of polishing systems on stain
susceptibility and surface roughness of nanocomposite resin material.
] Prosthet Dent. 2014;112(3):625-631. doi:10.1016/j.prosdent.2013.12.007
Yap AU, Yap SH, Teo CK, Ng JJ. Finishing/polishing of composite and
compomer restoratives: effectiveness of one-step systems. Oper Dent.
2004529(3):275-279.

Barghi N, Alexander C. A new surface sealant for polishing composite
resin restorations. Compend Contin Educ Dent. 2003;24(8 Suppl):30-62.
Lu H, Roeder LB, Powers JM. Effect of polishing systems on the
surface roughness of microhybrid composites. J Esthet Restor Dent.
2003;15(5):297-304. doi:10.1111/j.1708-8240.2003.tb00300.x

Knezovi¢ D, Zlatari¢ D, Illes 17, Alajbeg M, Zagar. In vivo evaluations
of inter-observer reliability using VITA easyshade® advance 4.0
dental shade-matching device. Acta Stomatol Croat. 2016;50(1):34-39.
doi:10.15644/asc50/1/5

Da Silva JD, Park SE, Weber HP, Ishikawa-Nagai S. Clinical
performance of a newly developed spectrophotometric system on tooth
color reproduction. J Prosthet Dent. 2008;99(5):361-368. doi:10.1016/
$0022-3913(08)60083-9

Miidiiroglu R, CongaraKivrak T, Nalgaci A. Methods and devices used
in color determination. Cumhur Dent J. 2018; 21(1): 61-9. doi: 10.7126/
cumudj.309148

Sarafianou A, Kamposiora P, Papavasiliou G, Goula H.
Matching repeatability and interdevice agreement of 2 intraoral
spectrophotometers. | Prosthet Dent. 2012;107(3):178-185. doi:10.1016/
$0022-3913(12)60053-5

Dozi¢ A, Kleverlaan CJ, El-Zohairy A, Feilzer AJ, Khashayar G.
Performance of five commercially available tooth color-measuring devices.
J Prosthodont. 2007;16(2):93-100. doi:10.1111/j.1532-849X.2007.00163.x
Kim-Pusateri S, Brewer JD, Davis EL, Wee AG. Reliability and accuracy
of four dental shade-matching devices. ] Prosthet Dent. 2009;101(3):193-
199. d0i:10.1016/50022-3913(09)60028-7

Guler AU, Yilmaz F, Kulunk T, Guler E, Kurt S. Effects of different drinks
on stainability of resin composite provisional restorative materials. J
Prosthet Dent. 2005;94(2):118-124. doi:10.1016/j.prosdent.2005.05.004
Johnston WM. Color measurement in dentistry. /] Dent. 2009;37 Suppl
1:e2-e6. doi:10.1016/j.jdent.2009.03.011

Gregor L, Krejci I, Di Bella E, Feilzer AJ, Ardu S. Silorane, ormocer,
methacrylate and compomer long-term staining susceptibility using
AE and AE 00 colour-difference formulas. Odontology. 2016;104(3):305-
309. doi:10.1007/s10266-015-0212-7

Gomez-Polo C, Portillo Mufioz M, Lorenzo Luengo MC, Vicente
P, Galindo P, Martin Casado AM. Comparison of the CIELab and
CIEDE2000 color difference formulas. J Prosthet Dent. 2016;115(1):65-
70. doi:10.1016/j.prosdent.2015.07.001

Greenwall L. Bleaching techniques in restorative dentistry. London:
CRC Press 2001; 132-163. doi: 10.3109/9780203417430

Reis AF, Giannini M, Lovadino JR, Ambrosano GM. Effects of various
finishing systems on the surface roughness and staining susceptibility
of packable composite resins. Dent Mater. 2003;19(1):12-18. doi:10.1016/
$0109-5641(02)00014-3

Wee AG, Lindsey DT, Kuo S, Johnston WM. Color accuracy of
commercial digital cameras for use in dentistry. Dent Mater.
2006;22(6):553-559. doi:10.1016/j.dental.2005.05.011

47



J Dent Sci Educ. 2023;1(2):41-48 @ Yasin et al.

37. Ragain JC Jr, Johnston WM. Minimum color differences for
discriminating mismatch between composite and tooth color. J Esthet
Restor Dent. 2001;13(1):41-48. doi:10.1111/j.1708-8240.2001.tb00250.x

38. Paravina RD, Kimura M, Powers JM. Evaluation of polymerization-
dependent changes in color and translucency of resin composites using
two formulae. Odontology. 2005;93(1):46-51. doi:10.1007/s10266-005-
0048-7

39. Ertas E, Giiler AU, Yiicel AC, Koprili H, Giiler E. Color stability of
resin composites after immersion in different drinks. Dent Mater .
2006;25(2):371-376.

40. Alawjali SS, Lui JL. Effect of one-step polishing system on the
color stability of nanocomposites. | Dent. 2013;41 Suppl 3:e53-e61.
doi:10.1016/j.jdent.2012.10.008

41. Lainovi¢ T, Viloti¢ M, Blazi¢ L, Kaka$ D, Markovi¢ D, IvaniSevié A.
Determination of surface roughness and topography of dental resin-
based nanocomposites using AFM analysis. Bosn ] Basic Med Sci.
2013;13(1):34-43. doi:10.17305/bjbms.2013.2417

42. Giiler E, Goniilol N, Yiicel AC, Yilmaz F, Ersoz E. Farkli iceceklerde
bekletilen kompozit rezinlerin renk stabilitelerinin karsilagtirilmasi. J
Dent Fac Ataturk Univ. 2013;23(1):24-29.

43. Ergiicii Z, Tirktn LS, Aladag A. Color stability of nanocomposites
polished with one-step systems. Oper Dent. 2008;33(4):413-420.
doi:10.2341/07-107

44. Villalta P, Lu H, Okte Z, Garcia-Godoy F, Powers JM. Effects of staining
and bleaching on color change of dental composite resins. J Prosthet
Dent. 2006;95(2):137-142. doi:10.1016/j.prosdent.2005.11.019

45. Yapar MI, Pinar G. Farkli iceceklerde bekletilen siloran ve
dimetakrilatesasli kompozitlerin renk stabilitelerinin karsilastirilmasi.
Acta Odontol Turc. 2015; 32(2), 51-56. doi: 10.17214/a0t.07229

46. Falkensammer F, Arnetzl GV, Wildburger A, Freudenthaler J. Color
stability of different composite resin materials. J Prosthet Dent.
2013;109(6):378-383. doi:10.1016/S0022-3913(13)60323-6

47. Mundim FM, Garcia Lda F, Pires-de-Souza Fde C. Effect of staining
solutions and repolishing on color stability of direct composites. J Appl
Oral Sci. 2010;18(3):249-254. d0i:10.1590/s1678-77572010000300009

48. Catelan A, Pollard T, Bedran-Russo A, Santos PD, Ambrosano G,
Aguiar F. Light-curing time and aging effects on the nanomechanical
properties of methacrylate- and silorane-based restorations. Oper Dent.
2014;39(4):389-397. d0i:10.2341/12-504-L

49. Sobrinho LC, Goes MF, Consani S, Sinhoreti MA, Knowles JC.
Correlation between light intensity and exposure time on the hardness
of composite resin. J Mater Sci Mater Med. 2000;11(6):361-364.
doi:10.1023/a:1008981907601

50. Akleyin E, Bakir EP, Unal S, Polat G, Yenigeri Ozata M. Effect of
single serve sachet powder drinks on color stability of a nano-hybrid
composite resin. J Health Sci Med. 2023;6(1):13-17. doi: 10.32322/
jhsm.1180255




