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Abstract

Objectives This study aims to evaluate the color change and tooth sensitivity (TS) caused by at-home bleaching in patients
with sound and with restored teeth.

Methods Forty patients were selected according to the inclusion and exclusion criteria and divided into two groups: So
(patients with six caries-free maxillary anterior teeth) and Re (patients with at least one restoration in the six maxillary ante-
rior teeth). Both groups were bleached with 10% carbamide peroxide (CP) at-home bleaching. The color change (CIELab
[AE*, ], CIEDEOO [AE ], and whiteness index [AWI]) were assessed using a spectrophotometer at baseline, 2 weeks, and
1 and 3 months after bleaching. Patients recorded their TS using a numeric rating scale (0—4). Data of color change were
submitted to Student’s T-test. The absolute risk and intensity of TS were compared using Fisher’s and the Mann—Whitney
tests, respectively (a=0.05).

Results Higher AE*,,, AE,, and AWI}, values were observed for So in relation to Re after all recall rate (p <0.0001). No
significant differences were observed regarding of bleaching-induced TS (p >0.9).

Conclusions At-home dental bleaching with 10% CP generated the same pattern of TS in patients with or without restora-
tions. However, in patients with restored teeth, it produced a lower color change after 2 weeks of bleaching.

Clinical significance After 2 weeks of at-home bleaching, a lower whitening effect was observed in patients with anterior
restorations when compared with patients with sound teeth.

Trial registration ClinicalTrials.gov identifier RBR-52j6gmg

Keywords Tooth bleaching - Carbamide peroxide - Tooth sensitivity - Dental esthetics

Introduction

Dental bleaching is considered the treatment of choice to
reduce dissatisfaction of patients with tooth discoloration,
due to its noninvasive approach and low cost when compared
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with other procedures in dentistry, besides being an effec-
tive and safe treatment [1, 2]. Among dental bleaching tech-
niques, at-home bleaching with customized trays is more
indicated than in-office techniques, as it is an easy protocol
and is cheaper and requires less chair time than in-office
bleaching [3]. Furthermore, at-home bleaching produces the
same bleaching results as in-office dental bleaching [4-7].
In addition, this technique provides lower gingival irrita-
tion and tooth sensitivity (TS) risk due to the lower concen-
trations of hydrogen peroxide (HP) used [8, 9]. Gingivitis
that tends to be present at the end of treatment regresses
spontaneously after 24—48 h [6]. However, one of the most
commonly reported adverse effects following all bleaching
techniques was bleaching-induced TS [1, 2, 10]. Although
TS after bleaching is reported as mild and transient, some-
times it can be severe and irritating, leading the patient to
give up the bleaching treatment [11]. Meanwhile, in some
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cases, patients submitted to bleaching still report TS after
the procedure [7, 9, 12, 13].

It is accepted that the bleaching-induced TS occurs
because peroxides penetrate through dental structures and
reach the pulp, producing an inflammatory reaction [14],
with release of inflammation mediators responsible for local
vasodilation and pain. The rate of HP penetration is different
between bleaching agents and depends on their concentra-
tion and time of application [15-17]. However, the pres-
ence of adhesive interface restorations or enamel craze lines
may generate greater facilitation of HP reaching the pulp
chamber [18-20]. Unfortunately, despite that in daily clinical
practice, tooth bleaching is often performed on teeth with
adhesive restorations or with the presence of cracks, only a
few clinical studies have evaluated the effect of bleaching
procedures in these special conditions [18, 21-23].

For instance, Bonafé et al. [21] demonstrated that patients
with adhesive restorations had a higher TS index when com-
pared with patients with sound teeth. Another study [22]
conducted on patients with enamel craze lines demonstrated
that TS in patients with sound teeth was lower when com-
pared with patients with enamel craze lines. However, in
all clinical studies, the authors evaluated in-office dental
bleaching using higher concentrations of HP [18, 21-23].
It is worth mentioning that although bleaching in restored
teeth produces higher TS, the literature demonstrated that
the degree of whitening observed in the restored teeth was
similar to that observed in the sound teeth [21, 22].

Patients with adhesive restorations often come to the
dental office requesting tooth bleaching treatment. However,
the few clinical trials that have evaluated the effect of tooth
whitening on color change and TS of patients with restored
teeth have been carried out in-office with 35% hydrogen
peroxide [21, 22] and have report a high risk of TS. To the
extent of the authors’ knowledge, no clinical study has been
performed evaluating the efficacy of at-home bleaching
and the experience of TS in patients with adhesive restora-
tions. Therefore, the aims of this single-blind, controlled,
and parallel, randomized clinical trial were to evaluate the
color change and risk and intensity of TS following at-home
bleaching performed with 10% carbamide peroxide (CP) in
patients with sound teeth in comparison with patients with
adhesive restorations.

Materials and methods

Ethics approval and protocol registration

This clinical investigation was approved by the ethics com-
mittee (CAAE, 45,800,815.1.0000.5188) of the local uni-

versity, and it was registered in the Brazilian clinical trials
registry under the identification number RBR-52j6gmg. We
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prepared this article using the protocol established by the
Consolidated Standards of Reporting Trials statement [24].

Trial design, settings, and locations of data
collection

This was a controlled, parallel, randomized, single-blind
clinical trial, in which the patient was blinded about the
group criteria assignment and bleaching agent tested. This
study was performed between August 2016 and December
2017 in the clinics of the school of dentistry at the local
university.

Recruitment

Two weeks before the bleaching procedures, all volunteers,
who were patients and students seeking treatment at the
clinic of the dental school, received dental prophylaxis with
pumice and water in a rubber cup and signed an informed
consent form. Recruitment was performed by placing a writ-
ten advertisement on the university walls.

Eligibility criteria

Patients included in this clinical trial were at least 18 years
old and had good general and oral health. The participants
had six maxillary anterior teeth with shade A2 or darker
based on value-oriented shade guide (Vitapan Classical, Vita
Zahnfabrik, BadSackingen, Germany) classification that was
provided by a spectrophotometer (Vita Easyshade Advance,
Vita Zahnfabrik, BadSackingen, Germany). These partici-
pants should have only sound anterior teeth (sound group)
or at least one restored tooth with at maximum 25% of the
vestibular face restored with esthetic restorations (restored
group). These restorations must be classified as very good
or good for all parameters according to the FDI criteria [25].
One experienced and calibrated investigator performed this
evaluation.

Participants with dental prosthesis, orthodontics appara-
tus, or severe internal tooth discoloration (tetracycline stains,
fluorosis, and purple teeth) were not included in the study.
In addition, pregnant/lactating women, participants with any
other pathology that could cause sensitivity (such as reces-
sion, dentin exposure, or the presence of visible cracks in the
teeth), smokers, bruxers, or participants who had previously
undergone tooth whitening procedures were also excluded.

Sample size calculation

The primary outcome of this study was color change
(AE*,,), based on the study of Bonafé [21, 22]. A minimum
of 40 participants was required to exclude a mean difference
of 2.6 in AE*;, with a power of 90% and an alpha of 5%,
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for a standard deviation of AE*,, of approximately 2.4. To
consider the possible loss of patients, 10% was added to the
sample. Therefore, the final calculation was 40 participants.
This limit of equivalence (difference of means) was based on
the fact that only AE values greater than 2.6 are considered
clinically perceptible.

Study intervention

In the first appointment, alginate impressions (Jeltrate, Dent-
sply, Petropolis, RJ, Brazil) were made of each participant’s
maxillary arch, and after disinfection, these were filled with
dental stone (Asfer, Asfer Induastria Quimica Ltda, Sao
Caetano do Sul, SP, Brazil). Then, a reservoir was created in
the dental stone (six anterior superior teeth) [3]. A 1.0-mm
soft vinyl material (Whiteness Placas para Moldeiras, FGM
Dental Products, Joinville, SC, Brazil) was used to fabricate
the custom-fitted tray that would hold the whitening gel in
the Plastvac P7 (BioArt, Sdo Carlos, SP, Brazil). The excess
material from the labial and lingual surfaces was trimmed to
1 mm from the gingival junction.

In the second appointment, all participants were
instructed to wear the tray with the bleaching agent (Polan-
ight 10%, SDI Limited, Bayswater, Victoria, Australia) 4 h
a day for 2 weeks at night and to remove the tray after each
bleaching period, wash it with water, and brush their teeth
as usual. At this time, both trays were tested, and the clinical
procedures (amount of bleaching gel and cleaning the trays)
were demonstrated to each patient. The identification seals
were removed from each bleaching agent syringe to mask
the product used. As a measure of adherence to the experi-
mental protocol, each syringe was weighed in an analytical
balance before and 1 week after each session (M245A, Bel
Ltda, Piracicaba, SP, Brazil). If participants had worn the
bleaching tray for 2 weeks with the correct amount of gel,
this would result in 100% adherence to the protocol.

Color measurement

One experienced and calibrated examiner evaluated the color
at baseline (T,), during treatment (after 2 weeks; T,), and
1 (T,) and 3 (T;) months after the end of bleaching treat-
ment. The color evaluation was performed with the use of
a spectrophotometer (Vita Easyshade Advance, Vita Zahn-
fabrik, BadSackingen, Germany) [9]. For this purpose, an
impression of both arches was taken with dense silicone
paste (Speedex Putty, Coltene, Rio de Janeiro, RJ, Brazil).
The impression was extended to the premolars and served
as a standard color measurement guide for the spectropho-
tometer. For all six maxillary anterior teeth to be evaluated,
a window was created on the labial surface of the molded
silicone guide using a metal device with a radius of 6 mm
and well-formed borders. The shade was determined using

the parameters of the Easyshade device, indicating the val-
ues L*, a*, and b*, where L* represented the value from 0
(black) to 100 (white) and a* and b* represented the shade,
where a* was the measurement along the red-green axis and
b* was the measurement along the yellow-blue axis. The
average of the L*, a*, and b* values of all six maxillary
anterior teeth for each participant was recorded. The AL*,
Aa*, and Ab* before (T,) and after treatment (T, T,, and
T,) were evaluated. Additionally, the color change was cal-
culated using the following formulas [26—29]:

AE = [(AL %)2 + (Aa %)2 + (Ab %)2]1/2

AE, =[(AL/KLSL)* + (AC/kCSC)* + (AH/kHSH)’
+ RT(AC % AHAHSC)SC * SH)]'/,

and

Whiteness Index : Wi, = 0.511L % —2.324a * —1.100b *

Tooth sensitivity

Each participant was asked to keep a daily record of whether
they experienced sensitivity. The patient was asked to indi-
cate the numerical value of the degree of sensitivity using
a 5-point numeric rating scale (NRS) (where 0 =none,
1 =mild, 2 =moderate, 3 =considerable, and 4 =severe)
[3, 9, 30, 31]. The worst NRS score during all bleaching
treatments was considered for statistical purposes, so that
only a single value was taken from the 2-week treatment.
The values were arranged into two categories: absolute risk
of TS, which represented the percentage of patients who
reported TS at least once during treatment, and the overall
TS intensity.

Statistical analysis

The statistical analysis followed the intention-to-treat pro-
tocol and included all of the participants, who were ran-
domly allocated. All data were checked for normal distri-
bution using the Shapiro—Wilk test of normality. Means
and standard deviations of color change (AL*, Aa*, Ab*,
AE*,,, AE,, and AWI}) between baseline and assessment
times (2 weeks, 1 and 3 months), color coordinates (L*, a*,
and b*), and WI, showed a normal distribution, as well as
for Aweight of bleaching agents; therefore, the differences
between groups were calculated using Student’s T-test for
independent samples.

The absolute risk of TS was compared using Fisher’s
exact test. The relative risk and confidence interval for
the effect size were also calculated. The distribution of TS
intensity was non-normal, and the data were compared using
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the nonparametric Mann—Whitney test (between treatment
groups) and Friedman test (within the same group). The chi-
square test was used to compare the differences between
treatment groups regarding participants’ descriptive charac-
teristics (gender and profession). In all statistical tests, the
significance level was 5%.

Results
Characteristics of included participants

A total of 137 participants were examined according to
the inclusion and exclusion criteria (Fig. 1), but only 40
remained for the clinical trial. The number of tooth restora-
tions present in each individual was one restoration (n=6),
two restorations (n=28), three restorations (n=23), and four
restorations (n=23). The main characteristics of the included
participants are described in Table 1. The baseline color of
the participants’ teeth was similar in terms of L*, a*, and
b*, and their mean age in years and the gender distribution
in both groups were quite similar (Table 1). No hypothesis

testing was performed for baseline features because any dif-
ference in these features was attributed to chance alone.

Adherence to the protocol

The adherence to protocol was 100% for both groups,
meaning that all patients used the bleaching tray during the
2-week protocol. However, two participants (one from each
group) did not attend the 1-month recall visit. For these
participants, the last observation was carried forward for
statistical purposes to keep the intention-to-treat analysis
[24]. Figure 1 depicts the participant flow in the different
phases of the study design. The final syringe weight showed
that, for both groups, a similar amount of bleaching gel was
used (Table 1).

Color evaluation

Significant whitening was observed in both study groups
under all evaluation parameters (p <0.01). However,
lower Ab* and higher AE*,,, AE), and AWI}, values were
observed for the sound group in relation to the restored

kil - = Tooth color (n=27) \
Enroliment [ Assessed for eleglblllty (n 137) ] = One of the six anterior teeth with more than 25%
of their buccal surface restored (n= 20)
= Previous tooth sensitivity (n= 14)
Excluded * Parafunctional habits (n= 9)
| __ . u_ o | * Non-carious cervical lesions (n= 8)
(n=97) “| = Endodontic treatment (n=7)
= Previous tooth bleaching (n= 4)
= Enamel defects (n= 3)
= Volunteers without schedule availability (n= 3)
7 = Smoker (n=1)
& Pregnant (n= 1) /
[ Randomized patients (n= 40) ]
v Allocation \4
Allocated to Sound (control) (n= 20) Allocated to Restored (experimental) (n= 20)
Received alocated intervention (n= 20) Received alocated intervention (n= 20)
J
v _ Follow-Up \2

Lost to follow-up
- 2-week (n= 0); Dropout (n=0)
= 1-month (n= 0); Dropout (n= 1): city change
= 3-month (n= 0); Dropout (n=0)

Lost to follow-up

- 2-week (n= 0); Dropout (n= 0)
- 1-month (n= 0); Dropout (n= 1): refusal
= 3-month (n= 0); Dropout (n=0)

J
v Analysis l
- Analysed at 2-week (n= 20) - Analysed at 2-week (n= 20)
- Analysed at 1-month (n= 19) - Analysed at 1-month (n= 19)
- Analysed at 3-month (n= 19) - Analysed at 3-month (n= 19)

Fig. 1 Flow diagram of the clinical trial included detailed information on the excluded participants
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Table 1 ]?e§criptive . Characteristics At-home bleaching
characteristics of participants,
baseline values of CIEL*a*b* Sound Restored
coordinates, and bleaching
agents’ weight (g) according to Gender (n, %) Male 10 (50) 11 (55)
treatment groups Female 10 (50) 9 (45)
Age in years (mean, standard deviation) 23.7 (4.9) 24 (3.3)
Education level in years of study (mean, standard deviation) 18.7 (1.5) 20.1 (2.4)
Profession (n, %) Student 16 (80) 17 (85)
Others 4(20) 3 (15)
Color coordinate values (mean, standard deviation) L* 79.0 (2.0) 79.3 (3.9)
a¥ 0.5(0.5) 0.0 (1.0)
b* 22.8 (1.7) 19.2 (4.0)
Weight (g) of bleaching agents (mean, standard deviation) Initial 7.7 (0.1) 7.7 (0.1)
Final 5.2(04) 5.3(04)
AFinal-initial* 2.4 (0.4) 2.3(0.3)

* Student’s t-test (p=0.03)

group after the end of treatment and at the 1- and 3-month
recalls (p <0.0001; Table 2).

It is worth mentioning that a slight regression of the color
change occurred for both groups after the 3-month recall
(p <0.04; Table 2). However, after 3 months, a AE*,, higher
than 6.4 and a AEy, higher than 4.0 units were observed for
both groups. These values are superior to the 50:50% percep-
tibility/acceptability threshold [28] for sound and restored
teeth (Table 2).

Tooth sensitivity

Regarding the absolute risk of bleaching-induced TS, no
significant difference was observed between groups, as
seen in Table 3 (p=1.0). The risk ratio, along with the 95%
confidence interval, was also evidence that there was no
significant risk of bleaching-induced TS when both groups
were compared. Regarding the TS intensity, no significant
differences between the two groups were observed (Table 4;

Table 2 Means (standard

o Color evaluation Assessment times At-home bleaching p-value*
deviation) of color change
coordinates (AL*, Aa*, Ab%*), Sound Restored
color differences (AE*,, and
AE), and whiteness index AL* 2 weeks 4.0 (3.3)* 1.6 (3.7)* 0.03
for dentistry (AWI};) between 1 month 24240 0.3 (3.77 0.05
baseline and postbleaching 3 months 21220 —04(3.8)° 0.01
assessment times (2 weeks, . ' ’ a ' ' a ’
1 and 3 months) for different Aa 2 weeks —2.1(0.8) —-1.2(1.0) 0.002
treatment groups 1 month —-2.1(0.7)* —1.0(0.8)* 0.0001
3 months -1.9(0.8)° -0.8(0.8)° 0.0001
Ab* 2 weeks -9.9 3.2 —-6.1 (2.7)* 0.0001
1 month —-10.7 (2.7)* -59@24)* 0.0001
3 months -982.7)P -5.1 (2.3 0.0001
AE* 2 weeks 11.4 (3.3)* 7.6 (2.4)* 0.0001
1 month 11.4 (2.7)* 7.1 (2.3)% 0.0001
3 months 10.5 (2.6)° 6.4 (2.6)* 0.0001
AE, 2 weeks 6.5 (2.2 4.0 (1.6)* 0.0001
1 month 7.1 (1.9) 4.3 (1.5)* 0.0001
3 months 6.5 (1.9)° 4.0 (1.6)* 0.0001
AWI, 2 weeks 18.0 (5.7)* 10.4 (5.2)* 0.0001
1 month 17.9 (4.6)* 9.2 (4.1 0.0001
3 months 16.4 (4.7)° 7.3 (4.2)° 0.0001

* Difference statistically significant between groups (p <0.05, Student’s t-test)

- Different lowercase letters indicate significant differences within the same treatment group and for differ-
ent periods (p <0.05, paired Student’s t-test)
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Table 3 Number of participants that reported tooth sensitivity at least once during 2 weeks of treatment, absolute and risk ratio (95% confidence

Interval)
At-home bleaching Tooth sensitivity (number of participants) ~ p-value* Absolute risk (%) (95% CI)  Risk ratio**
(95% CI)
Yes No
Sound 15 1.0 75 (53-89) 1.0 (0.7-1.4)
Restored 15 75 (53-89)

* Fisher’s exact test (p < 0.05)

** Sound group was used as a control for the risk ratio calculation

p=0.9), showing lower intensity of TS during 2 weeks of
bleaching treatment. In fact, due to the low intensity of TS in
both groups, no volunteers needed oral medication.

Discussion

Bleaching-induced TS is the most common adverse effect
reported by patients undergoing a bleaching procedure, even
when at-home bleaching is applied [5, 7, 9, 12, 13, 30]. It
occurs due to the low molecular mass of HP, which favors
its fast penetration through dental structures and entering the
pulp chamber [18-20]. As a result, an inflammatory reac-
tion occurs [14], which is experienced by the patients as
TS. Therefore, it was expected that the presence of adhesive
restorations, as evaluated in the restored group of the pre-
sent study, would show more TS when compared with sound
teeth [18-20]. However, in this study, the number of patients
who reported TS in the group with adhesive restorations did
not differ statistically from those with sound teeth, contrary
to previous published clinical studies [21, 22]. This seems to
be explained by the lower concentration of CP for at-home
bleaching used in contrast with the higher concentration of
HP for in-office bleaching used in Bonafé et al.’s studies
[21, 22].

The amount of HP reaching the pulp is higher in restored
teeth when compared with sound teeth, whether at-home
or in-office bleaching techniques were used [18-20, 32].

Table 4 Medians and interquartile range of intensity of tooth sensitiv-
ity at different time assessments for both at-home bleaching groups
using NRS scale

Assessment times At-home bleaching p-value*
Sound Restored

1 week 1(0-1)* 1 (0-1.7)" 0.9

2 weeks 1(0-D* 1 (0-1* 0.9

- Different capital letters means statistical difference between assess-
ment times (p <0.05, Wilcoxon test)

* Difference statistically significant between groups (p <0.05, Mann—
Whitney test)
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However, when 10% CP was evaluated, the amount of HP
observed inside the pulp chamber for the restored teeth was
similar to that observed for sound teeth when 35% HP in-
office bleaching was applied [18, 32]. This means that, even
with adhesive restorations, the amount of HP inside the pulp
chamber is lower when 10% CP for at-home bleaching is
used.

Some factors such as pH, gel viscosity, HP concentration,
enamel, and dentin thickness may affect the HP diffusion
to pulp cavity [8, 10, 1618, 33]. In fact, the amount of HP
inside 10% CP gel is around 3.5%. On the other hand, in
studies conducted by Bonafé [21, 22], 35% HP was applied,
which represent a concentration 10 times higher than that
used in the present study. Therefore, greater TS intensity is
experienced during in-office dental bleaching [10, 21, 22]
due to the higher penetration of peroxides inside the pulp
chamber and production of an inflammatory process [15,
34].

Although more HP could be found in the restored group
in comparison with the sound group [19-21], the lower HP
concentration in at-home bleaching was sufficient for the
pulp tissue to produce enough defense cells to protect the
pulp from the damage caused by HP [35], and, consequently,
no significant increase in the TS was observed. This could
also be confirmed for the evaluation of intensity of TS. In the
present study, the majority of patients experienced mild TS
intensity, which is in line with other studies that performed
at-home dental bleaching [5, 9, 12, 30]. On the other hand,
in Bonafé et al.’s studies [21, 22], moderate TS was found
when restored and sound teeth were evaluated. It is worth
mentioning that only three patients, two in the sound and one
in the restored group, reported a considerable and severe TS
intensity according to the NRS. Nevertheless, none of the
patients requested the application of a desensitizing agent in
an attempt to reduce the TS intensity, which demonstrated
that the intensity of TS during at-home dental bleaching is
mild and bearable the majority of the time.

Regarding color change, significant bleaching was
observed in both study groups for all evaluation param-
eters. However, lower values of AE*,,, AE,, and AWID
were found in the group of restored teeth in relation to the
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group of sound teeth after the bleaching procedure. A factor
that may have contributed to this was that in some patients,
especially those who had lateral incisors restored, the active
tip of the spectrophotometer (6 mm in diameter) involved
both the dental structure and the margins of the restoration,
and, in this way, less whitening was expected to be observed
in restored teeth, because the structure of the resin matrix
is different from that observed in the dental tissues. When
in contact with the dental surface, diffusion of HP through
enamel and dentin occurred, followed by breaking the dou-
ble bonds of organic and inorganic components within the
dentinal tubules [36].

On the other hand, the HP action in the composite restora-
tions only occurs on the surface [37]. Some studies showed
that the application of CP at-home bleaching gel decreased
the microhardness and increase the superficial roughness
of resin composite [38—40]. Therefore, the use of at-home
bleaching gel is expected to be able to remove only extrinsic
stains from composite restorative materials [39, 41]. In fact,
although some whitening effect could be measured, the use
of 10% CP gel led to slight color changes of composite resins
[42-44]. However, even 10% CP bleaching agents were able
to remove extrinsic stains from composite restorative materi-
als [39, 41]. In fact, as in the restored group, the teeth with
restorations also had part of the dental structure; the lower
color change in the restored group after bleaching when
compared with the sound teeth group was probably due to
the non-alteration of the intrinsic color of the restored teeth.

Unlike what was observed in our study, the studies con-
ducted by Bonafé et al. [21, 22] showed no significant dif-
ference in color between restored and sound teeth, which
indicates that the restored teeth obtained the same level of
bleaching as the sound teeth. This probably did not occur in
our study due to the low concentration of CP used. Accord-
ing to Monaghan et al. [45, 46] and Andrade et al. [40],
highly concentrated in-office bleaching gels can affect the
color of composite resin more significantly than lower con-
centrations of at-home bleaching gels. The clinical studies
conducted by Bonafé et al. [21, 22] used 35% HP, which
explains the greater whitening effect on restored teeth when
compared with the results of the present study.

To evaluate the color change of bleaching procedures,
spectrophotometers are commonly used, analyzing the
L*a*b* values according to the CIELab system [47—49].
In this study, the CIEQO [26, 27] and WID [50-53] systems
were also used. Despite the color rebound observed after
3 months, the values of color observed in the restored group
were superior to the 50:50% perceptibility/acceptability
threshold (AE*,, > 6.4; AE,>4.0), which indicates effec-
tiveness of bleaching in both groups of this study [28].

Finally, regarding the limiting factors of the study, most
of the participants were young adults, which could affect the
generalization of the study results for populations of other

ages. In this way, future studies should be conducted in order
to evaluate the effect of higher CP concentrations used in at-
home bleaching technique on tooth color change and TS in
older adults. Due to the fact that patients with adhesive res-
torations reported the same TS level as patients with sound
teeth, 10% CP at-home bleaching should be indicated for the
former. However, it is indicated that professionals should
examine restorations meticulously before starting a bleach-
ing procedure and renew insufficient restorations as neces-
sary prior to bleaching to achieve an optimal seal of the cavi-
ties and thus reduce the risk of TS [37]. Still, it should be
considered that the use of 10% CP at-home bleaching leads
to less color change for patients with adhesive restorations.
Therefore, the dentist must advise the patients that, after at-
home bleaching, it would be necessary to replace adhesive
restorations for complete esthetic satisfaction.

Conclusions

Although, the presence of esthetic restorations did not influ-
ence the TS when 10% CP was used, 2 weeks of at-home
bleaching were not enough to promote a similar result in
terms of color change when patients with esthetic restora-
tions were compared with patients with sound teeth.
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