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ABSTRACT

When planning a whitening or bleaching procedure, it is essential to use either indirect or direct tooth-colored
restorative materials that closely match the natural tooth shade. This study aimed to investigate the effects of
home bleaching agents on the surface texture of these materials, specifically focusing on restorative dental
biomaterials. Two types of commercially available resin composites, packable and flowable, were selected as
the tooth-colored materials under investigation. A total of 40 specimens were prepared following standard
protocols to evaluate the effect of different concentrations of bleaching agents on surface roughness before and
after treatment. A statistically significant increase in surface roughness was observed, with values increasing
from 7.18 + 4.62 to 101.30 + 11.32 after the use of bleaching agents. However, no significant difference was
found between the roughness of packable and flowable composites. Similarly, variations in bleaching agent
concentration did not produce a statistically significant effect. The findings indicate that bleaching agents
contribute to the degradation of tooth-colored restorative materials, leading to increased surface roughness after
treatment compared to baseline levels. The flowable composites showed a similar susceptibility to bleaching
effects as the packable composites. Regardless of concentration, both tested bleaching agents caused
comparable increases in surface roughness in the resin-based composites.
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Introduction

The growing popularity of teeth whitening as a solution
for discoloration has made it an integral part of modern
dental treatments. Home-based whitening agents, when
used with proper precautions, offer a convenient, cost-
effective alternative that reduces the need for frequent
dental visits and carries fewer risks compared to in-
office procedures [1, 2]. However, the continuous use
of these bleaching products, particularly those with
higher chemical concentrations, poses a challenge for
practitioners in determining the most suitable treatment
approach. In professional settings, customized trays
containing 6% hydrogen peroxide (HP) or 16%
carbamide peroxide (CP) are commonly used for both
in-office and at-home applications [3].

Prolonged use of bleaching agents leads to increased
surface roughness and reduced indentation hardness,
which are primary concerns in dental treatments. A
rough tooth surface creates an ideal environment for
food particles and oral flora to accumulate. The
adhesion of oral microorganisms facilitates biofilm
formation, while trapped food particles provide a
nutrient-rich setting for microbial growth. For this
reason, assessing the texture and quality of tooth-
colored restorative materials is essential [4-6].

Studies have reported conflicting findings regarding
the effects of bleaching agents on surface roughness
[7]. Resin-based dental composites are preferred over
amalgam restorations due to their strong adhesion to
enamel, a property that amalgam lacks. Additionally,

© 2024 International Journal of Dental Research and Allied Sciences


http://www.tsdp.net/
https://doi.org/10.51847/uzY8DPehMS

Abuzinadah, An In Vitro Investigation of Home Bleaching and Its Impact on the Surface Texture of Dental Cosmetic
Biomaterials

concerns regarding the health risks associated with
amalgam, particularly due to its mercury content,
cannot be overlooked [8]. However, research suggests
that the durability and performance of resin composites
depend on factors such as resin formulation, bleaching
gel composition, and exposure conditions [7, 9, 10].
Resin-based dental composites are widely used in
esthetic zones due to their ability to replicate natural
tooth color. However, maintaining their mechanical
and morphological properties remains a challenge.
Mechanical characteristics significantly influence the
longevity and clinical performance of resin restorations
[11]. The quality of these restorations is closely tied to
surface texture, which is affected by several factors,
including filler type, filler size, monomer composition,
and its overall percentage in the material [12, 13].
Inadequate surface texture can lead to food
accumulation and biofilm development, increasing the
likelihood of periodontal disease, opportunistic oral
infections, and dental caries progression [6, 14]. To
achieve a smooth resin-based restoration, many
researchers shape the material against a matrix band.
However, surface texture can be modified during the
restoration process through routine activities such as
tooth brushing or exposure to bleaching agents.
Research suggests that nano-filled resin-based
composites are the preferred choice for restorations
when whitening or bleaching treatments are planned
[15]. Based on this, the present study proposed that the
surface properties of packable and flowable resin
composites would remain unchanged following the
application of a home bleaching agent.

Materials and Methods

Collection of resin composites and beaching agents

In this study, two commercially available resin
composites were utilized: CHARISMA Diamond
nano-hybrid and CHARISMA FLOW, both from
KULZER, Germany. For the comparative analysis of
the composites, two home bleaching agents were
employed: Opalescence 35% and Fldash 16%, both
containing Carbamide Peroxide.

Construction of disc specimens

Approximately 40 disc-shaped specimens were created
using a split mold, each measuring five mm in diameter
and three mm in thickness. The specimens were then
evenly divided into two groups: 20 discs of packable
composite and 20 discs of flowable composite. The
resin composites were modified according to the
provided instructions, followed by packing and curing.
After molding the resin composite, a mylar strip was
placed, and a thin glass slide was positioned on top of

the mold. A 100 gm weight was applied to ensure
consistent pressure, allowing the material to make
direct contact with the curing tip of the slide. Once
curing was completed, the mold was removed to obtain
the composite discs (Figure 1).

Figure 1. Construction of disc specimens

Surface texture analyses

Each disc sample was assigned a unique number to
maintain identification for surface texture analysis. The
baseline surface roughness (Ra) of each specimen was
measured using a digital optical roughness tester
(Bruker Company, USA). The discs were then exposed
to the bleaching agent for the duration specified in the
instructions, after which they were removed from the
bleaching gel. Following this, all specimens underwent
a washing procedure, dried, and the surface texture was
re-assessed using the digital optical roughness tester.
The equipment used during the experiment is depicted
in Figure 2.

Figure 2. The armamentarium used throughout the
experimentation.

Statistical analyses

The data were collected and organized for analysis
using SPSS (Statistical Package for the Social
Sciences) software. Normality and homoscedasticity
assumptions were satisfied, and sphericity was not
applicable due to only 2 repeated measurements. No
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outliers were found. A mixed-model repeated measures
analysis of variance (ANOVA) was used, with 1
within-subject factor and 2 between-subject factors, to
evaluate if significant differences existed in Ra values
before and after treatment, based on the type of resin
and bleaching agent.

Results and Discussion

The means and standard deviations for both groups are
summarized in (Table 1). A repeated measures mixed
model ANOVA, along with post hoc testing, was
applied for analysis. The significance threshold was set
atan alpha level of .05. The main effect of resin showed
no significant differences, F(1, 36) = 0.00, P = .977,
indicating similar Ra values before and after treatment
within each resin type. In contrast, the bleaching
agent’s effect was important, F(1, 36) =4.40, P = .043,
pointing to notable changes in Ra before and after
treatment depending on the bleaching agent used.

However, the interaction between resin and bleaching
agent did not reach significance, F(1, 36) = 0.58, P =
452, meaning no combined effect of resin type and
bleaching agent on Ra was observed. The within-
subjects factor showed a significant effect, F(1, 36) =
2,601.38, P <.001, confirming a significant difference
in Ra values before and after treatment overall. The
interaction between within-subjects and resin did not
produce significant results, F(1, 36) = 0.03, P = .873,
indicating a consistent pattern for Ra changes across
resin types. Similarly, the interaction between within-
subjects and bleaching agents wasn't significant, F(1,
36) = 0.17, P =.680, meaning the relationship between
Ra before and after was stable across bleaching agents.
Lastly, the interaction effect between within-subjects,
resin, and bleaching agent did not reveal significance,
F(1, 36) = 1.79, P = .189, demonstrating no combined
effect of all factors on Ra. The results of the ANOVA
are displayed in (Table 2).

Table 1. Mean and standard deviation for Ra before and Ra after the application of tested bleaching agents

Ra before Ra after
Mean SD Mean SD
35% CP bleaching agent 5.14 2.49 100.70 10.08
Packable resin g\ hing agent  16% CP bleaching agent  9.50 5.91 10165  7.77
composite
Total 7.32 4.95 101.18 8.78
c
& 35% CP bleaching agent 5.90 5.28 96.96 16.81
5 .
Z Flowable Tes'” Bleaching agent  16% CP bleaching agent 8.18 3.12 105.87 8.12
< composite
g Total 7.04 4.38 101.42 13.64
o
35% CP bleaching agent 5.52 4.04 98.83 13.63
Total Bleaching agent ~ 16% CP bleaching agent 8.84 4.65 103.76 8.03
Total 7.18 4.62 101.30 11.32

Ra = rough average mean, SD = standard deviation bold value indicates statistical significance, and CP = carbamide peroxide.

Table 2. Mixed model ANOVA results

Source df SS MS F p Np2
Between-subjects
Resin 1 0.07 0.07 0.00 .977  0.00002
Bleaching agent 1 346.43 346.43 4.40 .043 0.11
Resin: Bleaching agent 1 45,51 45,51 0.58 452 0.02
Residuals 36 2,837.18 78.81
Within-subjects
Within factor 1 177,308.55 177,308.55 2,601.38 <.001 0.99
Resin: Within factor 1 1.76 1.76 0.03 .873  0.0007
Bleaching agent: Within factor 1 11.78 11.78 0.17 .680 0.005
Resin: Bleaching agent: Within factor 1 122.13 122.13 1.79 189 0.05
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Residuals 36

2,453.74 68.16

Post-hoc

The mean differences were analyzed using Tukey’s
post-hoc comparisons, with a significance level set at
.05. These comparisons were performed to assess the

variations in the estimated marginal means for each
combination of between-subject and within-subject
effects, as illustrated in Figure 3.

Estimated Marginal Means of MEASURE_1

6000

000

Estimated Marginal Means

ik

(]
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Composite Resin

Bleaching Agent

[ 35% CP Bleaching Agent
I 15% CP Bleaching Agent

Flowable Resin Composite

Error bars: 95X C1

Figure 3. Estimated marginal means of Ra for studied composite resin and bleaching agents.

Between effects

For the flowable resin composite group, the surface
roughness (Ra) was significantly lower before
treatment compared to after, t(36) = -36.18, P < .001.
Similarly, the packable resin composite group also
showed significantly lower Ra before treatment than
after, t(36) = -35.95, P < .001. Regarding the 16% CP

bleaching agent, Ra before treatment was significantly
lower than after, t(36) = -36.36, P < .001. The same
pattern was observed with the 35% CP bleaching agent,
where Ra before treatment was significantly lower than
after, t(36) = -35.77, P < .001. The contrasts of
marginal means for the Mixed Model ANOVA are
provided in (Table 3).

Table 3. The marginal means contrasts for each combination of within-subject variables for the mixed model

ANOVA
Contrast Difference SE df t P
Resin|Flowable resin composite
Ra before - Ra after -94.45 2.61 36 -36.18 <.001
Resin|Packable resin composite
Ra before - Ra after -93.86 2.61 36 -35.95 <.001
Bleaching agent|16% CP bleaching agent
Ra before - Ra after -94.92 2.61 36 -36.36 <.001
Bleaching agent|35% CP bleaching agent
Ra before - Ra after -93.39 2.61 36 -35.77 <.001

Between effect interactions

For the combination of flowable resin composite and
16% CP bleaching agent, the surface roughness (Ra)
before treatment was significantly lower than after,
t(36) =-26.46, P < .001. Similarly, for the combination
of packable resin composite and 16% CP bleaching
agent, Ra before treatment was significantly lower than
after, t(36) = -24.96, P < .001. In the case of flowable

resin composite with 35% CP bleaching agent, Ra
before treatment was also significantly lower than
after, t(36) = -24.71, P < .001. The same pattern was
observed for packable resin composite with 35% CP
bleaching agent, where Ra before treatment was
significantly lower than after, t(36) = -25.88, P < .001.
The contrasts of marginal means for each combination
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of the between-subject interactions and within-subject
factors are displayed in (Table 4).

Table 4. The marginal means contrasts for each combination of the between-subject interactions and within-
subject factor for the mixed model ANOVA

Contrast

Difference SE  df t P

Resin|Flowable resin composite: bleaching agent|16% CP bleaching agent

Ra before - Ra after

-97.69 369 36 -2646 <.001

Resin|Packable resin composite: bleaching agent|16% CP bleaching agent

Ra before - Ra after

-92.16 369 36 -2496 <.001

Resin|Flowable resin composite: bleaching agent|35% CP bleaching agent

Ra before - Ra after

-91.21 369 36 -2471 <.001

Resin|Packable resin composite: bleaching agent|35% CP bleaching agent

Ra before - Ra after

-95.56 369 36 -2588 <.001

Note. Tukey Comparisons were used to test the differences in estimated marginal means.

The hypothesis was dismissed due to significant
differences observed in the main effects of resin type
and bleaching agent concentration.

In esthetic dentistry, resin composites are commonly
used for dental restorations, especially in the anterior
region of the mouth. This material's popularity has
grown because of its biocompatibility, superior
mechanical properties, and fewer side effects
compared to amalgam-based materials. Packable
composites are often chosen for restoring cavities in
classes Il 1V, and V, caused by both caries and non-
carious conditions. On the other hand, flowable
composites are primarily used for treating class V and
Il cavities [16]. Consequently, this study aimed to
examine how home bleaching agents affect the surface
texture of packable and flowable composites.

This study focused on the Charisma Flow and
Charisma Smart resin composites, using two
concentrations of carbamide peroxide (CP) bleaching
agents—35% and 16%. The results from surface
texture analysis demonstrated that bleaching agents
significantly alter the surface texture of resin-based
composites, regardless of the type of bleaching agent
or composite used [17]. According to 1SO guidelines,
the maximum force applied to a tooth ranges from 50-
250 g which could potentially impact the composite's
surface. Prolonged tooth brushing also contributes to
resin degradation, particularly when bleaching agents
are present [18]. Notably, the packable composite
showed resistance to surface degradation caused by
bleaching agents, regardless of the bleaching type [7].
In contrast, flowable composites were more vulnerable
to surface damage due to their lower viscosity. The
35% CP bleaching agent was found to significantly
increase surface roughness in both types of composites,
while the 16% concentration did not show significant

effects. This finding further confirms that higher
concentrations of bleaching agents correlate with
increased surface roughness. Similar studies have also
indicated that bleaching agents, at certain
concentrations, impact color  stability, resin
composites, and surface roughness [19]. Additionally,
standard toothpaste often contains polishing and
bleaching agents such as hydrogen peroxide,
pyrophosphates, silica, and carbamide peroxide, which
not only lighten teeth but also contribute to increased
roughness, leading to sensitivity issues. Therefore,
pharmaceutical and R&D professionals must address
these concerns and develop improved alternatives.
Ozduman et al. [20] conducted a study examining the
surface roughness of 2 different types of packable
composites exposed to varying light cure times (10, 20,
and 30 seconds) before and after the application of
home bleaching agents. The study, which involved 72
samples and used SEM analysis, found significant
differences in surface roughness before and after the
bleaching treatment, irrespective of the light exposure
time. These results were consistent with those observed
in our current study. Other research has similarly
reported an increase in the surface roughness of
restorative materials when exposed to home bleaching
kits [21]. However, some studies have indicated that
there is no important effect on the surface roughness of
restorative materials, suggesting that they can be used
without causing harm [22].

Conclusion

The findings of this study indicate that the detrimental
effects of bleaching agents (gels) are linked to the
degradation of resin-based restorative dental materials,
as evidenced by an increase in surface roughness
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compared to baseline measurements. Both flowable
and packable composites showed similar sensitivity to
the bleaching agents. When applied to the two resin-
based composites, the two different concentrations of
bleaching agents produced comparable increases in
roughness. It is recommended to further explore the
effects of various bleaching agents, restorative material
compositions, and application time intervals.
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