Hindawi

International Journal of Dentistry
Volume 2023, Article ID 8909288, 7 pages
https://doi.org/10.1155/2023/8909288

Research Article

Q@) Hindawi

Comparative Efficacy of Four Stain Removal Methods for
Bleach-Shade Composite Resins after Immersion in Staining

Solutions: An In Vitro Study

Sedighe Sadat Hashemikamangar (®,' Shakiba Farahani®,' Shaghayegh Khoshgoo (®,” and
Parisa Doroudgar

IRestorative Departments, Dental School, Tehran University of Medical Sciences, Tehran, Iran
“Dental School, Tehran University of Medical Sciences, Tehran, Iran

Correspondence should be addressed to Shakiba Farahani; farahanish@razi.tums.ac.ir
Received 22 November 2022; Revised 18 March 2023; Accepted 2 May 2023; Published 11 June 2023
Academic Editor: Luca Fiorillo

Copyright © 2023 Sedighe Sadat Hashemikamangar et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Introduction. Bleach-shade composite resins were recently introduced to the market due to the high demand of patients for whiter
teeth. This study sought to compare four stain removal methods for bleach-shade composite resins. Materials and Methods.
Seventy-two discs were fabricated from each of the Filtek Z350 XT and Gradia XBW composite resins and immersed in coffee or
sour cherry juice staining solutions. Each group was then divided into four subgroups to assess the efficacy of four stain removal
methods (finishing with soft-lex disk “brush with pumice” bleaching with carbamide peroxide 16%, bleaching with hydrogen
peroxide 40%). The color of each specimen was measured by Easyshade spectrophotometer, and data were analyzed using SPSS
25 statistical package for social sciences. Results. The home-bleaching technique was more effective than the office-bleaching and
pumice for the removal of sour cherry juice stain (AE=1.93) and coffee stain (AE=3.32) from Gradia composite discs, almost
returning the baseline original color. The Sof-Lex discs were more effective than the pumice for the removal of sour cherry juice stain
(AE=4.11) and coffee stain (AE = 4.93) from Z350 composite discs but not return the baseline original color. Conclusions. Filtek Z350
had more discoloration than Gradia Direct. The different materials and solutions reacted differently to the four stain removal

methods. In GCJ group after all stain removal methods, AE reduced to a clinically acceptable level.

1. Introduction

Increasing demand for cosmetic dental restorations has led to
the development of new resin materials [1]. Most patients pre-
fer shinier and whiter teeth to their own natural teeth [2]. This
demand has led to advancements in the bleaching techniques
and materials. As a result, bleach-shade composite resins are
becoming more popular. These are suitable for use in teeth that
have undergone bleaching. The color stability of bleach-shade
composite resins plays a fundamental role in their success [3].

Color change of restorative materials after long-term expo-
sure to the oral environment is an important clinical problem.
The degree of color change depends on several factors. In the
oral environment, esthetic restorations are influenced by the
oral hygiene status, consumption of caffeine and colored

drinks, tobacco use, and cigarette smoking. In addition to
these external factors that cause external discoloration, inter-
nal factors such as hydrolysis of the organic matrix or loosen-
ing of the filler particles can seriously damage the restorations
[4]. Staining of composite resins has been reported following
exposure to staining solutions such as coffee, tea, and some
other drinks [5]. Discoloration caused by tea occurs as the
result of the adsorption of polar coloring agents by the surface
of materials, which can be eliminated by toothbrushing, while
discoloration caused by coffee occurs due to both adsorption
and absorption of coloring agents. Absorption and penetra-
tion of coloring agents into the organic phase of restorative
materials are probably due to the compatibility of their poly-
mer phase with yellow—brown stains [6]. Among the various
cosmetic restorative methods, composite veneers are used
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more [7]. However, the color stability of composite veneers is
a highly debated topic.

Following staining, brushing with a toothpaste and pol-
ishing procedures can eliminate all or part of the stains [8].
The polishing procedures can eliminate severe staining of the
composite resin. However, they also remove some material
from the composite surface [9]. The bleaching toothpastes are
attractive and popular, but their abrasive particles can have
adverse effects on composite resins. Apart from these, bleach-
ing agents do not seem to be harmful [10]. Vital bleaching
techniques are extensively used due to their conservative
nature. The modern bleaching agents include hydrogen per-
oxide and carbamide peroxide as their active ingredients [11].

This study aimed to assess the efficacy of different meth-
ods of stain removal from the surface of the bleach-shade
composite resins. In this study, the stainability of a bleach-shade
microhybrid composite resin and a bleach-shade nanohybrid
composite resin was evaluated in sour cherry juice and coffee.
Then, the efficacy of four stain removal methods, including
polishing with Sof-Lex discs, polishing with pumice paste and
brush, bleaching with 16% carbamide peroxide, and bleaching
with 40% hydrogen peroxide, was assessed by using a
spectrophotometer.

2. Materials and Methods

This in vitro study evaluated Filtek Z350 XT (3M ESPE, St.
Paul, MN, USA) with XWB (extra white body) shade and
Gradia Direct Anterior (GC, Corp, Tokyo, Japan) with XBW
(extra bleach white) shade composite resins. The minimum
sample size was calculated to be 9 in each of the four groups
according to a previous study [12] assuming a =0.05, b=0.2,
standard deviation of 3.38, and effect size of 0.59, using a
one-way analysis of variance (ANOVA) power analysis of
PASS 11 software. Cylindrical plexiglass molds with 10 mm
diameter and 1 mm height were used for the fabrication of
specimens. Composite was applied into the mold, and the
mold was compressed between two glass slides with hand
pressure in order for the excess material to leak out. The
specimens were then cured for 40s from the superior and
inferior surfaces by a curing unit (DTW Lux V; Woodpecker,
China) with a light intensity of 1,000-1,100 mW/cm?. The
intensity of the curing unit was checked using the radiometer
at the beginning, and after 24 and 48 specimens were fabri-
cated. The upper surface of specimens was then polished
with 1,500, 2,000, and 2,500-grit abrasive papers. The speci-
mens were then immersed in neutral distilled water at room
temperature for 24 hr.

The specimens in each group were then randomly
assigned to two subgroups for immersion in two staining
solutions:

GCJ: Gradia Direct specimens immersed in sour cherry
juice.

GCO: Gradia Direct specimens immersed in coffee.
Z(CJ: Filtek Z350 specimens immersed in sour cherry juice.
ZCO: Filtek Z350 specimens immersed in coffee.
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2.1. Preparation of Staining Solutions. To prepare the coffee
solution, 5g of coffee powder (Nescafe Classic, Nestle,
Switzerland) was added to 250 mL of boiling water and
then allowed to cool to room temperature. Sour cherry juice
was also purchased (San Ich, Iran).

2.2. Staining Process. The specimens were immersed in the
staining solutions. The specimens were immersed in the
solutions at room temperature for 3 hr daily for a total of
24 days. They were suspended so that all sides had exposure
to the solution and immersed in neutral distilled water at
room temperature between immersion times. The staining
solutions were refreshed daily. After completion of the stain-
ing period, the discs were rinsed under running water for
1 min. Each group was then assigned to four subgroups for
stain removal (n=9).

2.3. Stain Removal Process. Group 1: PC: Polishing with
pumice powder (Cina, Iran) and brush with a low-speed
handpiece for 60s.

Group 2: SX: Polishing with medium, fine, and superfine
aluminum-oxide abrasive discs (SofLex, 3M-ESPE Dental
Products, St. Paul, MN, USA) and low-speed handpiece for
20 s by each disc and rinsing after using each disc. Discs are
discarded after each use.

Group 3: HB: Daily bleaching with HOME WHITENING
(Whitesmile GmbH, Germany) comprising of 16% carbamide
peroxide for 12 days, each time for 3 hr. The bleaching gel was
applied with a syringe in a thin uniform layer and remained for
3 hr; then the materials were removed from the surface, and
the specimens were rinsed with distilled water to remove the
bleaching materials completely and dried with a paper towel.

Group 4: OB: Bleaching with POWER WHITENING YF
(Whitesmile GmbH, Germany), comprising 40% hydrogen
peroxide three times, each time for 20 min in one session.
The bleaching was gel applied with an auto-mixed syringe
in a thin uniform layer and remained for 20 min; then the
materials were removed from the surface, and new gel was
applied; after three applications, the specimens were rinsed
with distilled water to remove bleaching materials completely
and dried with a paper towel.

After each bleaching cycle, the specimens were immersed
in neutral deionized water at room temperature.

2.4. Color Testing. The color of each specimen was measured
at baseline (prior to staining, Tj), after staining (7;) and after
stain removal procedures (T,). The color of composite discs
was analyzed using Vita Easyshade spectrophotometer (VITA
Zahnfabrik H. Rauter GmbH & Co., Germany). The color of
each disc was analyzed three times and the average of these data
was reported as the final result. The color parameters were
reported using CIELAB color space relative to CIE standard
illuminant D65. All measurements were made with the probe
tip of Easyshade spectrophotometer perpendicular to the
surface. In order to eliminate the confounding effect of
background color on the measurements, a white paper was
placed behind the discs. A positioning jig was constructed
with an alignment mark so that the center of the device
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Gradia 7350

B Cherry juice
B Coffee

FIGURE 1: Bar chart of mean color change of two composite resins
after immersion in two staining solutions.

TasLe 1: Means £ SD of color change of composite resins after
immersion in staining solutions compared with baseline (AE;).

. . Staining solution
Composite resin

Sour cherry juice Coffee
Gradia 9.98 +2.36™° 12.43 £2.7442
Filtek Z350 25.47 £ 7.49A° 23.53 4+ 3.08"°

Means labeled with the same uppercase letters are not significantly different,
as compared in rows. Means labeled with the same lowercase letters are not
significantly different, as compared in columns.

probe was positioned in the center of the specimens each time.
The device was calibrated after every five measurements.

The total color change between T, and T; (AE;) and T
and T, (AE,) was calculated using the following formula:

AE = [(AL* + (Aa*)? + (46212, (1)

where L* is lightness (—L*=black; +L* = white), a* is
green-red (—a* =green; +a* =red), and b* is blue—yellow
(—b* =blue; +b* =yellow).

The data were analyzed using SPSS 25. Univariate ANOV A
was applied to assess the effect of type of composite, type of
staining solution, and method of stain removal, as well as their
interaction effects on the color parameters. In case of significant
effect, one-way ANOVA and t-test were applied. In case of
significant effect determined by one-way ANOVA, pairwise
comparisons were performed by Tukey’s test. P <0.05 was con-
sidered statistically significant. The clinically acceptable color
change was defined at AE=3.3 [12].

3. Results

Color changes of the two composite resins after immersion
in staining solutions compared with baseline (AE;) are pre-
sented in Figure 1 and Table 1.

Two-way ANOVA showed that the effect of type of com-
posite on AE was significant between baseline and after
immersion (P<0.001). However, the effect of type of stain-
ing solution (P = 0.599) was not significant. The interaction
effect of type of composite and type of staining solution on
AE was also significant between baseline and after immersion

Gradia 7350

Cherry Coffee Cherry Coffee
juice juice
B HB SX
m OB PC

FIGURE 2: Bar chart of mean color change after four stain removal
procedures compared with baseline.

(P = 0.046). As shown in Table 1, the color change of Filtek
7350 was greater than that of Gradia Direct.

The color change of Filtek Z350 caused by sour cherry
juice was greater than that caused by coffee (ZCJ>ZCO,
P<0.001). The color change of Gradia Direct caused by
coffee was greater than that caused by sour cherry juice
but not significantly (GCJ =GCO, P = 0.57).

Color change of Gradia Direct after stain removal com-
pared with baseline (AE,) are presented in Figure 2 and
Table 2.

According to ANOVA, a significant difference was noted
between different stain removal techniques for GCJ between
baseline and after stain removal (P<0.001). Tukey’s honestly
significant difference (HSD) test showed significant differ-
ences between HB and OB (P = 0.009), and also HB and PC
(P<0.001). However, HB and SX were not significantly dif-
ferent (P = 0.923). OB and SX were significantly different
(P = 0.041), while OB and PC had no significant difference
(P = 0.557). The SX and PC were also significantly differ-
ent (P = 0.001).

According to ANOVA, a significant difference was noted
between the efficacy of different stain removal techniques for
GCO between baseline and after stain removal (P<0.001).
Tukey’s HSD test revealed significant differences between HB
and OB (P<0.001) and also HB and PC (P<0.001). However,
HB and SX were not significantly different (P = 0.593). OB and
SX were not significantly different either (P = 0.151). However,
OB and PC (P = 0.001) and SX and PC (P<0.001) were sig-
nificantly different.

Color changes of Filtek Z350 after stain removal com-
pared with baseline (AE,) are presented in Figure 2 and
Table 3.

According to ANOVA, a significant difference existed in
the efficacy of different stain removal techniques for ZC]J
between baseline and after stain removal (P<0.001). Tukey’s
HSD test revealed a significant difference between HB and
PC (P<0.001). However, HB had no significant difference
with OB (P = 0.136) and SX (P = 0.051). OB had a signifi-
cant difference with PC (P<0.001) but had no significant
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TasLE 2: Means = SD of color change after stain removal compared with baseline (AE,) in Gradia.

Staining solution

Stain removal procedure

HB OB SX PC
Sour cherry juice (GCJ) 1.93 +0.74%2 2.82+0.36™ 2.09 4 0.3442 3.17 +0.65%
Coffee (GCO) 3.32+0.43%4° 4.73 4+0.78% 3.83 £0.63482 6.46 +1.34<

Means labeled with the same uppercase letters are not significantly different, as compared in rows. Means labeled with the same lowercase letters are not

significantly different, as compared in columns.

TaBLE 3: Means =+ SD of color change after stain removal compared with baseline (AE,) in Filtek Z350.

Staining solution

Stain removal procedure

HB OB SX PC
Sour cherry juice (ZCJ) 7.60 4 1.8142 4.72 +1.64™ 4.11 +3.09% 13.59 4 3.77%
Coffee (ZCO) 9.65+ 1.87°% 5.59 4 0.90% 4.93+1.23% 11.23 + 3.40%°

Means labeled with the same uppercase letters are not significantly different, as compared in rows. Means labeled with the same lowercase letters are not

significantly different, as compared in columns.

difference with SX (P = 0.965). The SX and PC were also
significantly different (P<0.001).

ANOVA showed a significant difference in the efficacy of
different stain removal techniques for ZCO between baseline
and after stain removal (P<0.001). According to Tukey’s
HSD test, significant differences existed between HB and
OB (P =0.001) and HB and SX (P<0.001). But HB and
PC were not significantly different (P = 0.389). OB had a
significant difference with PC (P<0.001) but had no signifi-
cant difference with SX (P = 0.907). The SX and PC were
also significantly different (P<0.001).

As shown in Tables 2 and 3, in GCJ group after all stain
removal methods, AE reduced to a clinically acceptable level
but in other groups, the baseline color was not obtained.

4. Discussion

The color change of the dental restorative materials is often
measured by Easyshade spectrophotometer according to the
CIE L*a*b* color space, which was also used in the present
study. Evidence shows that the acceptable AE is 0, which
means a complete reversal of discolored composite to its
baseline original color [13]. However, this can only be
achieved in an ideal condition. According to Al-Nahedh
and Awliya [12], the acceptable color change threshold is
AE=33.

Composite resin discoloration is caused by intrinsic and
extrinsic factors. The intrinsic discoloration is the alteration
of the resin matrix and the interface of the matrix and fillers
that is due to a lack of enough polymerization or immersion
in water for a long time. Extrinsic discoloration is staining by
adsorption or absorption of colorants from exogenous
sources [14]. To reduce extrinsic discoloration, the superfi-
cial roughness of the composite resin should be minimized,
which is related to the size of its filler particles [15]. Note that
resin composite absorbs water; it can also absorb other
liquids, including beverages that cause color change in the
deep portions of the restoration, so materials that have more
water sorption will experience more discoloration in

beverages. The water sorption occurs in the organic phase
and the interface of the matrix and fillers and not in the filler
particles [16, 17]. The amount of water that composite resins
can absorb depends on the hydrophilicity of the matrix, filler
composition, and the bonding quality between matrix and
fillers [18].

In the present study, Filtek Z350 had more discoloration
than Gradia Direct. A similar result has been reported in
previous studies [19, 20] that showed nanohybrid composite
resins had less color stability than microhybrid composite
resins.

It has been shown that during polishing, filler particles are
plucked out and make voids; therefore, in nanohybrid compos-
ite resins, smaller particles produce smaller voids which makes
them experience less color change compared to microhybrid
composite resins [21]. But the greater surface-to-volume ratio
of nanoparticles provides a larger area of hydrophilic silane and
increases water sorption. Furthermore, nanohybrid composite
resins contain nanoclusters that are partially calcined irregular
porous structures and have a high surface-to-volume ratio that
causes various interfacial properties at the resin-filer interface
[22]. In the study of Nasim et al. [23], Filtek Z350 had the most
color change. They stated that it could be due to the composi-
tion of the resin matrix and the porosity of the nanoclusters and
glass fillers. Cinelli et al. [24] concluded that the particles of the
nanoclusters are not individually silanized and resulted in more
water and pigment infiltration in nanohybrid composite resins.

Due to the presence of hydrophilic monomers, the
composition and structure of the matrix can affect color
stability. For instance, UDMA-based monomers are more
susceptible to discoloration due to low viscosity, lower
water sorption, and better polymerization compared to other
methacrylate-based monomers [25]. This fact can justify the
less color change of Gradia because, as shown in Table 4, it
contains UDMA.

There was no significant difference in the color change
with two solutions in the composite samples in general and
in the Gradia samples, but in the Filtek Z350 samples, the
color change was more with sour cherry juice than with
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TABLE 4: Materials used.

Product

Composition/type

Manufacturer/producer

Composite resin

Nanohybrid
Resin matrix: Bis-PMA, DUDMA,

Filtek Z350

Bis-GMA, TEGDMA
Filler: 82 w%/60 v%, including 0.6—1.4 um

3M ESPE, St. Paul, MN, USA

Zr0,/SiO, nanoclusters, SiO, nanofillers
Shade: XWB

Microhybrid
Resin matrix: UDMA, dimethacrylate

Gradia Direct Anterior

comonomers
Filler: 73 w%/64 v%, including silica,

GC, Corp, Tokyo, Japan

0.85 um prepolymerized fillers
Shade: XBW

Stain removal procedure

HOME WHITENING

Home bleaching (HB)

16% carbamide peroxide

Whitesmile GmbH, Germany

POWER WHITENING YF

Office bleaching (OB)

40% hydrogen peroxide

Whitesmile GmbH, Germany

Aluminum oxide-coated abrasive disc

Sof-Lex discs (SX)

medium (40 um)—fine (24 yum)—x-fine
(8 um)

3M ESPE, St. Paul, MN, USA

Pumice (PC)

Pumice powder
medium

Cina, Iran

coffee. Topcu et al. [25] demonstrated that the most staining
solution for Filtek Z250 was the red wine, but for Filtek
Supreme was granule lemon juice. These results show the
important role of the composition of the staining solution
on the color changes. Therefore, the difference in the staining
capacity of solutions in different composite resins is not the
same. The quality, particle size, and solubility of the stain, the
concentration of the staining solution, and the interaction of
stain with restorative material can be the contributing factors
affecting the amount of composite resin color change [19].

The resin polymers and colorants have different polari-
ties. If the polarity of the resin matrix is compatible with the
colorant, the absorption of colorant into the organic phase of
the composite resin material increases. Modification of the
resin polymer polarities may improve the color stability of
composite resins [8].

Coffee contains tannin, caffeine, and chlorogenic acid,
which are less polar and water-soluble polyphenols and pen-
etrate deep into the composite resin material because these
colorants are compatible with the polymer matrix [26].

Sour cherry juice contains sugars, organic acids, mainly
malic and malonic acids, and polyphenols such as flavonols,
chlorogenic acids, and anthocyanins [27, 28]. The last one
includes colored water-soluble pigments that are responsible
for the color of many fruits and vegetables [29].

The PH range of the coffee is from 4.9 to 5.2, and for the
sour cherry juice, it is between 3.2 and 3.3. As the pH
decreases, the sorption and solubility of the material increase,
which leads to surface degradation and softening that causes
more surface roughness of the material. The rougher surface

has lower optical reflection and is prone to erosion and dis-
coloration [30, 31].

Bleaching involves a chemical reaction of oxidation—
reduction, oxidizing the pigments present on the tooth and
reducing the bleaching material [32]. The hydrogen peroxide
gel releases free radicals that are able to penetrate the tooth
structure. In this way, oxidation-reduction reactions are trig-
gered, which break down the chromophores into smaller, col-
orless, and easily removable compounds [33]. These peroxide-
based systems are expected to be better than polishing methods
that just wearing the surface because of their ability to pene-
trate the composite subsurface and break down the pigment
molecules. This issue was not proven in the present study.

This study evaluated the effectiveness of four whitening
methods in removing stains from Gradia Direct and Filtek
7350 following exposure to sour cherry juice and coffee. The
results demonstrated that SX performed significantly better
than PC and was superior or equal to bleaching methods in
all groups. PC was the least effective method except for GCJ,
which was equal to OB, and ZCO, which was equal to HB.
In Gradia, HB was significantly better than OB in both
groups, and in Z350, HB was similar to OB in ZC]J group
and less effective than OB in ZCO group. Also, in GCJ group
after all stain removal methods, AE reduced to a clinically
acceptable level but in other groups, the baseline color was
not obtained.

Al-Nahedh and Awliya [12] showed HB was equal or super-
ior to PC and OB, but in compared to SX, different results were
obtained with different composite resins. SX also was similar
or more effective compared to OB. Reinhardt et al. [34] showed



that there were no statistically significant differences between
PC and HB in whitening Amelogen Plus immersed in coffee
and red wine. Hasani et al. [35] showed both home and office
bleaching provided significant color changes in Filtek Z250,
Filtek Z550, and Filtek Ultimate immersed in coffee and chlor-
hexidine, which was clinically acceptable.

Although bleaching procedures are effective in removing
stains from the surface of the restoration, hydrogen peroxide
can decrease the microhardness and cause softening and
surface alteration of the composite resins, which makes
them more susceptible to erosion and discoloration [30].

The abrasive particles in pumice are formed by the con-
densation of foamed volcanic glass to thin glass flakes. At the
same time, aluminum oxide is the abrasive material in Sof-
Lex discs. In order to have optimal abrasive efficacy, the
abrasive agents should be harder than the composite fillers.
Otherwise, the abrasives only remove the resin matrix and
leave the filler particles [36].

In this study, Sof-Lex discs were more effective than
pumice paste to regain the baseline color of the composite
resin. Polishing with pumice can effectively clean the dis-
colored surfaces that have smaller and smoother filler
particles [12].

5. Conclusions

(1) Filtek Z350 had more discoloration than Gradia
Direct.

(2) There was no significant difference in the color
change with two solutions in the composite samples
in general and in the Gradia samples, but in the Filtek
7350 samples the color change was more with sour
cherry juice than with coffee.

(3) The different materials and solutions reacted differ-
ently to the four stain removal methods; Sof-Lex
discs performed significantly better than pumice
paste and was superior or equal to bleaching meth-
ods in all groups. In GCJ group after all stain
removal methods, AE reduced to a clinically accept-

able level.
Abbreviations
CIE: Commission International De I’Eclairage
XBW: Extra bleach white
XWB: Extra white body
GCJ: Gradia Direct specimens immersed in sour
cherry juice
GCO: Gradia Direct specimens immersed in coffee

ZCJ: Filtek Z350 specimens immersed in sour
cherry juice

ZCO: Filtek Z350 specimens immersed in coffee
SX: Polishing with Sof-Lex discs

PC: Polishing with pumice paste

HB: Home bleaching

OB: Office bleaching

Bis-GMA:  Bisphenol A-glycidyl methacrylate
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UDMA: Urethane dimethacrylate
TEGDEMA: Triethylene glycol dimethacrylate

Bis-PMA: 2,2-Bis-(4-(3-
methacryloxypropoxy)phenyl)propane

DUDMA:  Diurethane dimethacrylate.
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