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Featured Application: From this work, it is possible to establish the need to know the color
parameters of the teeth to be bleached when you want to predict the results that can be obtained
by teeth whitening.

Abstract: Background: Dental bleaching has become an everyday procedure for treating teeth
presenting discoloration, as a therapy on its own or as a part of restorative dentistry. The most widely
used bleaching products available for vital teeth are hydrogen peroxide and carbamide peroxide,
marketed as a range of products adapted to different treatment modes. The purpose of the study was
to evaluate the clinical whitening efficacy of four high-concentration bleaching products for vital teeth
applied in single in-office sessions. Methods: This clinical trial included 40 patients divided into four
groups according to the concentration of the hydrogen peroxide-based (HP) product used (Group 1:
HP 35%; Group 2: HP 37.5%; Group 3: HP 38%; Group 4: HP 40%). Each patient received one in-office
whitening treatment of maxillary and mandibular anterior teeth (incisors, canines, and premolars),
making a total of 791 teeth. The color changes produced in central incisors and canines were measured.
Results: All groups underwent significant color changes from initial to final evaluations for color
parameters L*, a*, and b*. No significant differences between the four groups were found for either
the L* or a* parameters. Analysis of the b* parameter found significant differences between the HP
38% group and the HP 35% group. No significant differences in ∆E were found between the four
groups (ANOVA p = 0.174). HP 38% obtained the highest ∆E (4.63), while HP 40% obtained 4.01.
Conclusions: A single in-office whitening session, regardless of the bleaching product used, modifies
tooth color effectively. All four products achieved increases in the L* parameter and significant
reductions in parameters a* and b*. The ∆E did not show significant differences between the four
groups. In-office whitening with high concentration hydrogen-peroxide-based products was found
to be an effective treatment for moderate and severe dental discoloration.

Keywords: combined vital tooth whitening; carbamide peroxide; tooth discoloration; dental bleaching;
in-office; hydrogen peroxide
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1. Introduction

With patient demand for whiter teeth, dental bleaching has become a widespread conservative
therapy for treating teeth presenting discoloration, as a single treatment or before placing a ceramic or
resin composite restoration to improve the final overall color.

Among the bleaching products for vital teeth currently on the market, hydrogen-peroxide-based
and carbamide-peroxide-based agents are the most widely used. The products vary in concentration
(high concentrations for in-office use, low concentrations for use at home) and format, intended for
different whitening procedures (in-office or at home) with different application methods [1–23]. In-office
applications of bleaching agents with high concentrations of hydrogen peroxide (HP) are described as
an effective and fast option indicated in cases of moderate or severe vital tooth discoloration that avoid
prolonged home treatments with carbamide peroxide and dietary restrictions [3–6,10,14–17,19,21–23].

Several authors have demonstrated the efficacy of high concentration hydrogen peroxide when
used as a bleaching agent in the office. Giachette et al. verified the effectiveness of a 38% hydrogen
peroxide treatment [9]. Matis et al. evidenced the effectiveness of a 37.5% hydrogen peroxide
treatment [5]. Monteiro et al. used a light-curing 35% hydrogen peroxide treatment and obtained
good results quickly [17]. Marson et al. studied the stabilization of the color with different whitening
techniques in the office and achieved an important change in the color of the treated teeth [6].

Nevertheless, the wide range of products available for in-office whitening makes it difficult
to decide which one to choose, as each could be more or less effective as a result of variations in
concentration and application time. Moreover, no ranking of these products comparing their efficacy
has ever been published. This would make it possible to opt for one or another according to the
individual case and the patient’s characteristics and needs.

In this context, there is a need to make objective, quantifiable evaluations of the tooth color
obtained through the use of bleaching products. This would allow comparison of these products on
the basis of valid data reported in clinical trials. In order to evaluate color, spectrophotometers have
been introduced to identify the correct and objective color change in enamel surfaces [24–38].

The aim of this randomized quadruple-blind clinical trial was to objectively quantify the effects
of four high-concentration dental whitening products of hydrogen peroxide for in-office use on vital
teeth, following the application protocols recommended by the manufacturers.

2. Materials and Methods

This clinical trial included 40 patients randomly assigned to one of four treatment groups
(10 per group). Each patient received a single in-office whitening treatment of maxillary and mandibular
incisors, canines, and premolars (20 teeth in each patient, a total of 791 teeth due to nine missing teeth).
Color changes were measured on six guide teeth (maxillary incisors and four canines). A product of
different hydrogen peroxide concentration was used in each group: group 1 (G1): HP 35%; group 2
(G2): HP 37.5%; group 3 (G3): HP 38%; and group 4 (G4): HP 40%.

The study was approved by the Clinical Research Ethics Committee (CEIH) of the University of
Valencia (Spain) with the procedural registration number 1279729. Each patient was provided with full
information about the bleaching procedure, the trial’s purpose, the structure, the commitment required
from the participant, and the possible risks involved in treatment; all patients gave their informed
consent to take part.

Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided test, 55 teeth were necessary
in each group to identify statistically significant differences between the four groups greater than or
equal to 1.5 ∆E units. The common standard deviation was assumed to be 2.5. A drop-out rate of 20%
was anticipated.

Patients fulfilled the following inclusion criteria: aged between 19 and 65 years; absence of oral
pathology; maxillary and mandibular incisors, canines, and premolars presenting colors appearing on
the Vita Classical color guide (Vita) (guide samples arranged in order of luminosity), with a luminosity
greater or equal to A3; teeth free of fillings. Smokers and patients who had received a whitening
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treatment on a previous occasion were excluded from the trial. The 40 patients were assigned to a group,
using online randomization software (www.alazar.info). 10 patients in each of the four study groups.

A splint was fabricated to position the device used to quantify color modification in the same area
of each tooth (maxillary and mandibular central incisors and canines) [24].

Treatment began by removing bacterial plaque and any stains on the tooth surfaces with a nylon
brush set in a rotary instrument at low speed, with non-abrasive toothpaste.

Anterior and premolar teeth were isolated with a double arch rubber dam (OptiDam, Kerr, Orange,
California, USA), with the edges of the perforations inverted in the gingival sulci, and with silk ligatures
on the tooth necks.

Each patient received a single in-office vital tooth whitening session, treating maxillary and
mandibular incisors, canines, and premolars with one of the four hydrogen-peroxide-based (HP)
products:

− Group 1: a light-activated hydrogen peroxide at a concentration of 35% (Quick White kit clínica,
Quick White), delivered as a powder and a liquid, which when mixed acquires a turquoise-colored
gel consistency. Sixty teeth were treated with the gel, carrying out three applications of 10 min each.
The gel was activated with a low-temperature LED lamp specifically designed for this purpose.

− Group 2: a chemically activated hydrogen peroxide agent at a concentration of 37.5% (Pola
Office+ Southern Dental Industries), which is delivered in a double-parallel syringe; when mixed,
it acquires a transparent bluish gel consistency. Fifty-eight teeth were treated with the gel,
involving three applications of 8 min each.

− Group 3: a chemically activated hydrogen peroxide agent at a concentration of 38% (PURE in-office
bleaching, Axis Dental). It is delivered in a double-parallel syringe, which when mixed acquires a
gel consistency and a red color. Fifty-seven teeth were treated, each receiving three applications of
15 min duration.

− Group 4: a chemically activated hydrogen peroxide treatment at a concentration of 40% (Boost.
Ultradent), delivered in a double syringe. When mixed, it acquires a gel consistency and a red
color. Fifty-six teeth were treated with the product, involving two applications of 20 min each.

After completing treatment, patients were advised of the importance of following the oral hygiene
and dietary regimes that accompanied the bleaching treatment and the need to stop smoking for at
least one week [25,26]. Intraoral digital photographs were taken before treatment and a week after the
conclusion of the in-office bleaching session.

The EasyShade V spectrophotometer (Vita) positioned with previously fabricated splints were
used to register tooth color according to the Vita Classical shade guide and CIELab color space
parameters L* (luminosity), a* (variations in red-green color axis), and b* (variations in yellow-blue
color axis) [27–34], before treatment and a week after the conclusion of the in-office whitening sessions.
Using all these registers, the Euclidean distance (∆E) between each two points of color in the CIELab
space was calculated with the formula ∆E = ((Lf − Li)2 + (af − ai)2 + (bf − bi))1/2. Color measurements
were taken of maxillary and mandibular central incisors and canines only, as these teeth give more
reproducible data due to the larger crown sizes and flat vestibular surfaces [35].

Photographic records and color evaluations were performed one week after the conclusion of
each in-office session. Color measurement was always performed by the same operator, who was
blinded to each patient’s group assignation.

The difference between initial color parameters or ∆E and those obtained one week after the
conclusion of whitening and the differences between means were calculated [36,37]. Confidence
intervals were determined at 95%. The distribution of means was normal (Kolmogorov–Smirnof test;
p > 0.05). The Student’s t test was used to compare paired mean values; one-way variance analysis
(one-way ANOVA) was used to compare four mean values. Analysis of covariance (ANCOVA) was
applied in case of any need for adjustment for a covariable in comparison between means. Correlations
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were determined by means of Pearson’s correlation coefficient (r). A forward stepwise linear regression
model was created for multivariate analysis. In all statistical tests, significance was set as p < 0.05.

3. Results

In comparisons between groups at the start of the trial, parameters, L* and a* showed
significant differences, but b* did not show significant differences (Table 1). All groups underwent
significant color changes in L*, a*, and b* as a result of in-office bleaching between the initial and
post-treatment evaluations.

Table 1. Initial and final L*, a*, and b* values in the four study groups.

35% H2O2 + Light
Mean (CI-95%)

37.5% H2O2 Mean
(CI-95%)

38% H2O2 Mean
(CI-95%)

40% H2O2 Mean
(CI-95%)

Inter-Group
ANOVA Test

L* initial 76.0 (74.5, 77.5) 77.8 (76.3, 79.4) 81.5 (80.3, 82.7) 80.7 (79.3, 82.2) p < 0.001

L* final 78.9 (77.4, 80.4) 80.2 (78.7, 81.6) 83.4 (82.2, 84.5) 82.9 (81.5, 84.3) p < 0.001

Student T test for
paired samples p < 0001 p < 0.001 p < 0.001 p < 0.001

a* initial −0.06 (−0.41, 0.28) −0.46 (−0.81, −0.12) −0.91 (−1.24, −0.53) −0.77 (−1.06, −0.49) p = 0.002

a* final −0.32 (−0.62, −0.02) −0.81 (−1.05, −0.55) −1.31 (−1.57, −1.04) −0.88 (−1.14, −0.61) p < 0.001

Student T test for
paired samples p = 0.011 p < 0.001 p = 0.001 p = 0.203

b* initial 18.9 (17.3, 20.5) 20.5 (19.2, 21.9) 19.6 (17.8, 21.4) 19.8 (18.2, 21.4) p = 0.539

b* final 17.8 (16.4, 19.2) 18.1 (17.0, 19.3) 17.0 (15.6–18.5) 18.6 (17.2–19.9) p = 0.438

Student T test for
paired samples p = 0.007 p < 0.001 p < 0.001 p < 0.001

Table 2 shows differences in mean color parameters between initial and post-treatment evaluations.
No significant differences between the four groups were found for the L* or a* parameters. For the b*
parameter, the 35% HP group had a higher mean value than the 38% HP group.

Table 2. Differences in mean L*, a*, and b* parameters and ∆E from initial to final evaluations.

35% H2O2 + Light
Mean (CI-95%)

37.5% H2O2 Mean
(CI-95%)

38% H2O2 Mean
(CI-95%)

40% H2O2 Mean
(CI-95%)

Inter-Group
ANOVA Test

Difference in L* 2.92 (2.11, 3.72) 2.32 (1.48, 3.15) 1.84 (1.30, 2.37) 2.17 (1.20, 3.16) p = 0.286

Difference in a* −0.26 (−0.46, −0.06) −0.34 (−0.51, −0.17) −0.40 (−0.63, −0.17) −0.11 (−0.28, −0.06) p = 0.172

Difference in b* −1.11 (−1.90, −0.31) −2.39 (−2.95, −1.84) −2.57 (−3.46, −1.68) −1.23 (−1.81, −0.64) p = 0.004 post hoc
Scheffe G3 vs. G1

∆E 4.73 (4.05, 5.42) 4.57 (3.97, 5.17) 4.26 (3.52, 5.01) 3.76 (3.13, 4.40) p = 0.174

Comparing ∆E between the four bleaching products (Table 2), no significant differences were
found between them (Figure 1) (one-way ANOVA p = 0.174).

According to the univariate linear regression model with initial L* and a* values as covariables,
while significant differences were found between groups at the initial valuation, adjusted ∆E after
treatment did not show significant differences between the four groups (p = 0.577). The group
presenting the highest ∆E was 38% HP with a value of 4.63, while 40% HP gave a value of 4.01.

When the whole sample was analyzed together, it was seen that ∆E correlated negatively with
initial L* value (Pearson = −0.292), whereby when the L* was higher, ∆E was lower. However, L* was
positively correlated with initial a* (Pearson = 0.267) and b* values (Pearson = 0.212) (Figure 2).
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4. Discussion

The large number of whitening products available makes it difficult to select the most appropriate
in each case; that is, the one that best suits the degree of discoloration, the type of patient and their
lifestyle, or the one that produces the least adverse effects [13,14,39–41]. In cases in which it is intended
to obtain effective and immediate color changes, among the different options available, whitening
in consultation with agents with a high concentration of hydrogen peroxide is the most indicated
option [5,18].

Among the range of products available on the market, the hydrogen-peroxide-based products
tested in this trial were among those containing the highest concentrations of HP. The aim of the trial
was to evaluate their efficacy in relation to the HP concentration.

Those patients who had teeth with Vita Classical colors (ordered by luminosity) greater than or
equal to A3 were selected, which made it advisable to implement a treatment phase in the office to
shorten the period of home treatment.

A spectrophotometer was used to evaluate color parameters objectively, so that the subjective
judgment of an observer using color guides played no part in the trial [27–35]. Positioning splints were
used for spectrophotometry, positioning the device in the same area of all the teeth evaluated, as a
means of ensuring optimal reproducibility of the results [24,37].

It was decided to assess the bleaching effect after performing a single whitening session in the
office with highly concentrated bleaching agents to minimize the potential risk of harm [42–44].

The use of light as a catalyst for the bleaching agent used in group 1 (PH 35) did not cause a
significant decrease in the application time of the product, since it was applied for 30 min, which was
less than the 45 min required for the bleaching agent used in group 3 (PH 38) and the 40 min involved
for the bleaching agent in group 4 (PH 40), although this was greater than the 24 min application time
for the bleaching agent used in group 2 (PH 37.5%).

Among the difficulties encountered when implementing this study, it is worth mentioning the lack
of homogeneity between the existing studies and trials and the methods used to process the results,
making it difficult to make clear comparisons between them. For this reason, the present study chose to
compare the mean ∆E between current and previous studies, since this value is reported in all of them.
Additionally, there was difficulty in obtaining a wide sample due to the unavailability of patients with
teeth that met the color requirements that would allow them to be included in this study.

The efficacy of in-office vital tooth bleaching with high-concentration agents has been demonstrated
in numerous studies [3–6,10,14–17,19,21–23]. A trial conducted by Zekonis et al. [3] carried out two
sessions, each with three 10 min applications of a 35% HP bleaching agent, obtaining a mean ∆E of
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5.32. Marson et al. [6], using 35% HP applied in two sessions consisting of three 15-min applications,
obtained a mean ∆E of 4. Matis et al. [5] tested a 36% HP bleaching agent and obtained a mean ∆E of
3.09 after applying the product three times for 8 min, and an ∆E of 3.11 after a single application of
40 min. All ∆E values were similar to those achieved in the present trial. Llambés et al. [10], in an
in vitro study, carried out two sessions each of three 8-min applications of a 37.5% HP obtaining a
mean ∆E of 12.40. Faus et al. [19] found a mean ∆E of 12.99 after four applications of 8 min each
with 37.5% HP. In all these works, as in the present trial, the bleaching procedure was described as a
treatment indicated for dental discoloration.

In addition to its tooth whitening effects, in-office bleaching offers a series of advantages in that
treatment is carried out under the direct supervision of the dentist in a clinical setting and does not
depend on the patient applying the treatment correctly at home [23]. It is also a much faster treatment,
avoiding the prolonged contact between oral tissues and home bleaching products that treatment in
domestic settings involves [18,42–44].

As for the whitening efficacy of the products tested in the present trial, all were found to be
effective; no single product achieved better ∆E results than the others. For this reason, other aspects
should be considered when approaching in-office vital tooth bleaching [14]. These include the patient’s
initial color parameters, as patients who present high L* values or low a* and b* values will probably
not obtain a significant color modification with this procedure, as the present findings suggest. In this
sense, the predictive line equation described above can be a useful instrument when deciding whether
this bleaching modality is the most indicated.

Lastly, it is important to recognize the need to carry out clinical and radiological check-ups of
treated patients in order to detect any undesirable secondary effects (irritation, inflammation, ulcers,
burns and necrosis of the gums and mucosa, dental hypersensitivity, allergy, enzymatic changes and
pulpal inflammation, apoptosis, mutagenicity, carcinogenesis, teratogenicity, systemic toxicity, enamel
and dentin alterations, periapical injuries and endodontic failures, external cervical resorption) [42–44].
Further research is necessary to broaden the information available about this type of treatment and the
high-concentration HP-based products used.

5. Conclusions

1. In single in-office sessions, each of the four tested products for the vital dental bleaching was
found to modify tooth color in an effective way.

2. All four products obtained significant increases in the luminosity parameter (L*) and significant
reductions in the red-green color axis (a*) and in the yellow-blue color axis (b*) parameters.
Differences between initial color parameters and those obtained a week after the conclusion of
whitening (∆E) were not present significant.

3. The initial L* and b* values could determine the final ∆E obtained. The lower the initial luminosity
value is (L*), the greater will be the values of ∆E obtained a week after the conclusion of whitening;
additionally, the greater the initial b* value, the greater the final ∆E will be.

4. Determination of tooth color parameters using a spectrophotometer before being bleached allows
for a more predictable clinical solution.
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