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ABSTRACT

Background: One of the factors of discoloration on composite resin is extrinsic
factors, such as black tea. Various ways are used to restore the color of
composite resin, for example, toothpaste or toothpowder with whitening
ingredients. Adding whitening ingredients such as activated charcoal or pearl
essence in toothpaste or toothpowder can remove pigments, chromophores,
and stains on composite resin with an abrasion effect on the composite surface.
Method: This research was an experimental laboratory with a pretest and post-
test control group design. This study used 12 samples of nanofiller composite
resin (Palfique LX5 B1) in a cylindrical shape with 10 mm diameter and 2 mm
thickness. The research was conducted by immersing the samples in black tea
for 4 hours with repetition for 13 days. After immersing, the samples were
divided into 3 groups: group | was brushed with charcoal toothpaste, group II
was brushed with whitening toothpowder, and group Il was brushed with non-
whitening toothpaste. Brushing was done for 3 minutes with repetition for 13
days. The color parameters were measured using VITA Easyshade V 3 times.
Result: The Shapiro-Wilk normality test showed the data normally distributed
(p>0,05). The repeated ANOVA test showed no significant color change
(p>0,05).

Conclusion: Charcoal toothpaste, whitening toothpowder, and non-whitening
toothpaste affect the color change of nanofiller composite resin, but there is no
significant color change between the three kinds of toothpaste.
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BACKGROUND

As time progresses, aesthetics have
become one of the important factors for individuals.
Aesthetic value in dentistry is needed to combine
beauty values with the needs of each patient.!
Using restorative materials such as composite resin
is often chosen as the primary option for
conservative and non-invasive treatment. Based on
its physical properties, the composite resin also
resembles natural teeth, thus fulfilling aesthetic
principles.?

Composite resin is a tooth-colored
restoration that is used to replace damaged or
missing tooth structure, correct tooth contours, and
enhance tooth aesthetics. Generally, composite
resin consists of four main components:
dimethacrylate monomer matrix, inorganic filler
particles, coupling agent, and initiator-accelerator.®
The use of composite resin consists of various
consistencies, from flowable to packable, which can
be used in various cases and will become hard,
strong, and solid through polymerization reactions.*
The success of restorative materials depends on
compressive and tensile strength, diametral
flexibility, wear resistance, and fracture toughness.?

Nanofillers are composite filler particles
consisting of a mixture of nanoparticles and
nanoclusters. With nano-sized patrticles, nandofillers
have good color stability and translucency. In
addition, nanofillers are often used for anterior and
posterior tooth direct restorations because they
have minimal shrinkage, increase strength, density,
and provide a better polished surface.®5¢
Composite resin tends to undergo color change
when exposed to the oral environment.? Color
change can be influenced by intrinsic and extrinsic
factors. Intrinsic factors are caused by material
properties, such as changes in resin matrix, filler

resin percentage and size. Meanwhile, extrinsic

factors are caused by the absorption of colorants
from beverages such as black tea.”

Black tea is one of the beverages widely
consumed by people in Indonesia and is a type of
tea processed through enzymatic oxidation
fermentation. Black tea contains coloring
substances such as polyphenols, tannins, and
phenolic acids that are soluble in water and can be
absorbed into restorative materials resulting in color
changes.? Research by Malekipour et al®. showed
that black tea significantly causes color changes in
composite resin. Besides that, there are several
ways to restore the color of composite resin, one of
which is by using toothpaste with whitening
ingredients.®

Activated charcoal is one of the active
ingredients in toothpaste with high porosity levels
and can remove colorants by absorbing pigments,
chromophores, and stains from the tooth surface.*
Additionally, toothpowder with pearl essence
ingredients has abrasive particles that are believed
to whiten the tooth surface. Although toothpowder
is still rarely used, it remains an option due to
concerns about chemicals in conventional
toothpaste.’? This study aims to determine the
effect of charcoal toothpaste and whitening
toothpowder on the color change of nanofiller
composite resin after immersion in black tea for 13

days.

RESEARCH METHOD

This type of research is a laboratory
experimental study with a pretest and post-test
control group design, the study was conducted from
September to November 2023 at the Dental
Material and Testing Center of Research
(DMTCore), Faculty of Dentistry, Trisakti University.
The research using cylindrical nanofiller composite

resin with a diameter of 10 mm and a thickness of 2
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mm (ISO 4049(2000)). The sampling technique
used a simple random sampling method, where
each sample had an equal chance of being
selected. The calculation of the number of research
samples used the Lemeshow and Lwanga formula.
The number of samples in each group was 4
samples. This study consisted of 3 groups: group 1
was brushed using activated charcoal toothpaste,
group 2 was brushed using whitening toothpowder,
and group 3 (control) was brushed using non-
whitening toothpaste. The total number of samples
used was 12 samples.

Samples were made using stainless steel
mold with the entire mold surface coated with
Vaseline to facilitate the removal of composite resin
from the mold. Using a plastic filling instrument,
composite resin was inserted into the mold and
flattened using celluloid strips, then a glass plate
was placed on top of the mold and pressed with a
200-gram weight. Composite resin was cured for 20
seconds using a light cure with a perpendicular
position and a distance of 1 mm from the sample.

Before immersion in black tea, composite
resin samples were subjected to initial color
measurements using a pre-calibrated
spectrophotometer. Color measurements were
taken with a white background to ensure clear
visibility of the sample color and were taken in the
middle of the sample with a perpendicular position
to the sample surface. The samples were always
placed in the same position, then data E, L, C, and
H were obtained.

Black tea was made by placing 1 bag of black
tea in 200 mL of boiling water at 100°C, then the
black tea solution was cooled to room temperature.
Immersion was carried out for 4 hours per day and

continued with immersion in distilled water.

Immersion was repeated for 13 days and stored in
an incubator at 37°C. The 13-day immersion period
is equivalent to consuming black tea for 7 months,
assuming each individual consumes black tea for
15 minutes per day.*®

After 13 days of immersion, the samples
were rinsed with water and dried using tissue paper.
The color of the samples was measured using a
spectrophotometer in the same way as the initial
color measurement. After the samples showed a
color change, they were brushed according to their
sample groups.

Brushing in the sample groups was carried
out for 13 days corresponding to the duration of
immersion in black tea. Brushing was done using an
electric toothbrush with a pressure of 100 grams
and a mesiodistal brushing direction. The brushing
duration was 3 minutes at the same rotation speed,
then the samples were immersed in distilled water
and placed in an incubator at 37°C.

After brushing, final color measurements
were taken using a spectrophotometer in the same
manner as the initial color measurement. The
obtained data were subjected to the Shapiro-Wilk
normality test to assess the distribution of data in
each sample group, whether it was normally
distributed or not. If the data was normally
distributed, the repeated ANOVA test was
conducted, and if the data was not normally

distributed, the Friedman test was conducted.

RESULTS

The results of color measurement on
nanofiller composite resin before immersion in
black tea, after immersion in black tea, and after
brushing in the sample group can be seen in Table

1 and Figure 1.
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Table 1. Mean value of color change of nanofiller compaosite resin in the treatment group and control group

o B N W b~ 01O N 00 ©

Brushing Before After After
Treatment immersion immersion brushing
Mean + SD Mean + SD Mean + SD
Charcoal toothpaste 8,31+1.2 52+0,6 8,310
Whitening toothpowder 56+0,2 8,1+0,6 8,4+0,9
Non-whitening 79+0,7 59+0,3 6,9+0,3
toothpaste
Charcoal toothpaste 50+£1,5 52+0,5 52+1,1
Whitening toothpowder 52104 7,3+0,1 7,4+0,6
Non-whitening 49+0,6 51+0,8 6,1+2,0
toothpaste
Charcoal toothpaste 6,4+04 1,2+04 6,2+0,5
Whitening toothpowder 1,9+1,1 49+0,7 45+0
Non-whitening 6,0+04 30+1,6 3,0+£1,2
toothpaste
Charcoal toothpaste 3,8+0,3 1,9+1,3 45+0,3
Whitening toothpowder 0,7+0,1 1,6+1,3 20+11
Non-whitening 47+0,3 0,5+0,3 06+04

toothpaste

Table 1 shows the

m After black tea immersion

m Before black tea immersion = After brushing

Figure 1. Comparison of mean AE values in the three sample groups

results of color

values of E, L, C, and H increased compared to

measurements in the treatment group and control
group regarding the color change of nanofiller
composite resin. After immersing the samples in
black tea, the mean values of E, C, and H
decreased compared to before immersion in black
tea, while the mean value of L increased. After

brushing according to the sample groups, the mean

after immersion in black tea.

The results of the Shapiro-Wilk normality
test in all sample groups showed the data are
normally distributed with significance values greater
than 0.05, thus continuing with the repeated
ANOVA parametric test. The results of the repeated
ANOVA test yielded findings as shown in Table 2,
indicating the differences in color change of
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nanofiller composite resin after brushing using
charcoal toothpaste, whitening toothpowder, and

non-whitening toothpaste.

Table 2. Repeated ANOVA test results on charcoal toothpaste, whitening toothpowder, and non-whitening

toothpaste
Groups Mean * SD P value
Charcoal 8,42 + 0,96 0,054
toothpaste
Whitening 6,97 £ 0,37
toothpowder
Non-whitening 8,17 £ 0,60
toothpaste

*p>0,05 no significant difference

The Repeated ANOVA test results show a
significance value on AE (0.054), AL (0.335), and
AH (0.312), indicating no significant color change

(p>0.05). However, the significance value on AC

DISCUSSION

Color changes in composite resin can be
influenced by intrinsic and extrinsic factors.
Extrinsic factors are caused by smoking habits,
poor oral hygiene, and consumption habits of foods
and beverages containing color pigments.
Meanwhile, intrinsic factors are influenced by the
composition of the resin matrix and fillers.” With the
hydrophilic properties of the resin matrix, the level
of water absorption into the composite material
increases. Water absorption in composite resin can
reduce the lifespan of the restoration by causing the
matrix to swell and become plastic, then
hydrolyzing the silane coupling agent and resulting
in the formation of gaps. These gaps between the
resin matrix and filler allow color pigments from
black tea to penetrate and cause color changes in
the composite resin.®*

Color changes can also be influenced by
the pH contained in black tea. According to Karin et
al.,’®> low pH values of a solution can result in
damage to the resin matrix and an increase in water

and color pigment absorption. Additionally,

(0.037), indicating a significant color change
(p<0.05)

compounds such as tannins and thearubigins
contained in black tea can cause significant color
changes in composite resin. Based on previous
research by Malekipour et al.® color changes in
composite resin caused by black tea can be
removed by brushing.

Based on the brushing results using
charcoal toothpaste, whitening toothpowder, and
non-whitening toothpaste, there was an increase in
the mean E value (Table 1). The E value indicates
color changes on the sample surface that can be
observed by the human eye. Based on the color
changes on the restoration, there are three different
intervals used to differentiate the color change
values: if AE < 1, then the color change cannot be
observed by the human eye; if 1.0 < AE < 3.3, then
the color change can be seen by a skilled operator
and clinically acceptable; and if AE > 3.3, then the
color change can be observed by the human eye
but is not clinically acceptable.* Brushing on the
samples was performed using an electric

toothbrush with soft bristles because it has better
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flexibility, allowing for greater contact between the
bristles and the sample surface.®

After it was found that charcoal toothpaste,
whitening  toothpowder, and non-whitening
toothpaste can affect the color change of nanofiller
composite resin, a parametric test was conducted
to determine which toothpaste is more effective in
enhancing brightness in the samples. The statistical
test results showed that there was no significant
color change between the three types of toothpaste
(Table 2). In other words, charcoal toothpaste,
whitening  toothpowder, and non-whitening
toothpaste have the same effectiveness in
changing the color of nanofiller composite resin.

Activated charcoal contained in toothpaste
has a porous structure with high absorption
capabilities, so stains and color pigments are
attracted to and trapped by its porous shape. The
cleaning effect of charcoal toothpaste occurs due to
mild abrasive forces acting on the surface of the
restoration.}”18 This aligns with previous research
by Pertiwi,’® the charcoal toothpaste has larger
abrasive particle sizes, resulting in mechanical
cleaning effects. Additionally, activated charcoal
toothpaste containing hydrated silica has effective
tissue strength in removing color pigments from
composite resin. Hydrated silica works by
enhancing physical cleaning strength with the same
pressure while brushing teeth.?° This is further
supported by the study conducted by Raneem et
al.,?! demonstrating the excellent effectiveness of
activated charcoal in removing stains from
composite resin.

The whitening toothpowder used in this
study contains pearl essence, which is believed to
whiten the surface of teeth. Similar to charcoal
toothpaste, whitening toothpowder also contains
abrasive particles that work mechanically to remove
stains on the surface of composite resin.?

Research by Gulben et al.,?® stated that whitening

toothpowder has a low level of effectiveness in
whitening and brightening composite resin. One of
the factors is its high level of abrasiveness, causing
coarse particles to scratch the surface and reduce
brightness on the composite resin surface.?

Based on research by Kadhim et al.,?*
stated that toothpaste containing silica has a low
level of abrasiveness, but the addition of calcium
carbonate to toothpaste increases the level of
abrasiveness. One of the compositions found in
non-whitening toothpaste in this study contains
calcium carbonate, so non-whitening toothpaste
does not provide better whitening effects than
charcoal toothpaste.

The results of this study show the whitening
effect of charcoal toothpaste and whitening
toothpowder on the color change of nanofiller
composite resin. There are several limitations to
this study, such as the research conducted only
assesses color changes so that with research on
surface roughness, the effect of brushing
toothpaste containing abrasive particles on the
surface roughness of the sample can be known. In
addition, research on whitening toothpowder is still
rarely done, leading to a lack of literature on this

material.

CONCLUSION

Based on the results of this study, it can be
concluded that brushing with charcoal toothpaste
and whitening toothpowder affects the color change
in nanofiller composite resin. However, the color
change in the E, L, and H values did not show
significant results, while the C value showed
significant differences between the treatment

groups and the control group.
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