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Abstract
Objectives  To evaluate in vitro two high concentration self-mix bleaching gels (35% or 37.5%) with different application 
tips (with or without an applicator brush) during in-office bleaching.
Materials and methods  Healthy premolars were randomly assigned to five groups (n = 8): no treatment; 35% HP without 
applicator brush, 35% HP with applicator brush, 37.5% HP without applicator brush, and 37.5% HP with applicator brush. 
After the procedures, the concentration of HP transferred into the pulp chamber was evaluated using UV–Vis. The amount of 
gel used in each group was measured on a precision analytical balance. Color change (ΔEab, ΔE00, and ΔWID) was evaluated 
with a digital spectrophotometer. Initial concentration was measured by titration with potassium permanganate. The pH was 
evaluated using a digital pH meter. The data from each test were submitted to nonparametric tests (α = 0.05).
Results  Using a tip with an applicator brush expended less gel and left a lower amount of HP inside the pulp chamber com-
pared to the tip without a brush for both bleaching gels (p < 0.0003), although no significant difference in color change was 
observed (p < 0.05). The 37.5% HP showed a more stable and less acidic pH and a lower amount of HP in the pulp chamber 
than the 35% HP (p < 0.00001).
Conclusion  The HP penetration into the pulp chamber was lower when using an applicator with a brush tip than when using 
one with a conventional tip. As for the color, both tips were considered to lighten teeth.
Clinical significance  For the application of a self-mixing high concentration in-office bleaching gel, a brush tip should be 
recommended because its use diminishes the penetration of HP into the pulp chamber and wastes less bleaching gel.

Keywords  Tooth bleaching · Tooth permeability · Hydrogen peroxide · Dental enamel permeability

Introduction

Tooth bleaching has been carried out for over 100 years 
and is considered a safe and effective procedure [1]. As the 
images and color quality of television, media, and films 
have improved, people’s self-awareness of white teeth has 

increased, further expanding the demand for esthetic proce-
dures, such as tooth bleaching [2].

The most common substance used in bleaching proce-
dures is hydrogen peroxide (HP), and depending on its con-
centration, the HP is applied in-office (high concentrations 
of HP) or at-home (low concentrations of HP) [3]. In-office 
bleaching promotes faster results than at-home bleaching 
and does not depend on patient collaboration [4]. However, 
due to the high concentrations of the active ingredient, it 
demands greater control by the dentist, mainly through the 
use of a mouth opener and gingival barrier to protect the 
soft and gingival tissues [4]. However, higher levels of tooth 
sensitivity (TS) are reported with in-office bleaching [5, 6]; 
the main explanation for this discomfort is the ability of HP 
to penetrate enamel and dentin and enter the pulp chamber 
after application of the gel [7–9]. HP and its by-products can 
cause oxidative stress in pulp cells, promoting the release of 
inflammatory mediators [10–12].
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Although the higher concentration of HP can be con-
sidered the most important factor in causing TS [13], it 
is not the only factor. For instance, the amount of bleach-
ing gel applied to the surface during the procedure could 
influence the amount of HP seeping into the pulp chamber 
[14]. It seems obvious that a greater amount may increase 
the likelihood of generating TS [15]. However, the diffu-
sion coefficient of HP could be dependent on the amount 
of PH available [14] and the time spent on application [16]. 
According to Fick’s second law, the greater the volume of 
product applied, the greater the diffusion [17]. Therefore, 
a lower amount of HP would be expected to penetrate into 
the pulp chamber if a lower amount of bleaching gel were 
applied to the tooth surface. For this reason, most manufac-
turers’ instructions recommend applying only a thin layer of 
bleaching gel [18–20].

Recent randomized clinical trial showed that the greater 
the amount of bleaching agent applied, the greater the sen-
sitivity observed [15]. However, only one acidic in-office 
bleaching gel was available [21]. More recently, some in-
office bleaching agents have become available in a self-
mixing form, where the two phases combine during the 
application process. These bleaching gels have also been 
available for application with or without a brush tip. Accord-
ing to manufacturers, brush tips have the ability to spread 
a thin and homogeneous layer of gel over the entire tooth 
surface, compared to tips without brushes, saving a consider-
able amount of whitening gel. However, to the extent of the 
authors’ knowledge, no studies have evaluated the effects of 
different applicators/tips on TS and the whitening effect of 
highly concentrated in-office bleaching gels.

Therefore, the aim of the present in vitro study was to 
evaluate whether the application method (applicator with or 
without a brush tip) of self-mixing in-office bleaching gels 
in high concentrations influences the penetration of HP into 
the pulp chamber, amount of bleaching gel used, and color 
change. The null hypotheses tested were that (1) there will 
be no difference in the concentration of HP within the pulp 
chamber, (2) there will be no difference in the amount of 
gel used, and (3) there will be no difference in the bleaching 
effectiveness when higher concentrations of in-office bleach-
ing gels are applied with and without a brush tip.

Material and methods

Selection of teeth and inclusion and exclusion 
criteria

Forty healthy 1st and 2nd superior premolars, without 
caries and enamel cracks, darker than A2, were obtained 
from the tooth bank of State University of Ponta Grossa 
and used in the present study. To standardize the selected 

teeth, all teeth were analyzed under a microscope at 
10 × magnification (Lambda LEB-3, ATTO instruments, 
Hong Kong, China). Teeth with morphological changes or 
enamel cracks were excluded. The teeth were previously 
analyzed with a digital spectrophotometer (Vita Zahnfab-
rik, Bad Säckingen, Germany); teeth lighter than A2 were 
also excluded. To standardize the vestibular thickness of 
the specimens and to prevent this thickness from influenc-
ing the penetration of HP, radiographs were taken (Timex 
70C; Gnatus, Ribeirão Preto, SP, Brazil). Each radiograph 
was made with an exposure time of 0.5 s and a focus-
object distance of 30 cm (70 kVp, 7 mA). The central 
X-ray beam was focused at a 90° angle on the buccal sur-
face of the tooth. After exposure, the images were digitally 
obtained, and the buccal dental thickness was measured 
with the New IDA software (Dabi Atlante, Ribeirão Preto, 
SP, Brazil). Based on previous studies [22], teeth with 
thicknesses between 2.5 and 3.5 mm were selected for the 
present study.

Experimental design

After the selected teeth were randomly distributed into 
five groups (n = 8) according to the self-mix bleaching 
gel used (Whiteness HP Automixx 35% (FGM, Joinville, 
SC, Brazil) and Pola office + Plus 37.5% (SDI, Victoria, 
Australia)) and according to the applicator used without 
or with a brush tip (Sulzer, Haag, Switzerland, Fig. 1). A 
group not exposed to bleaching agents was the negative 
control. More details regarding the two bleaching agents 
used are provided in Table 1.

Fig. 1   Self-mixing tips used in the present study. Tip without brush, 
also like the conventional tip and routine use in dentistry. Tip with 
brush, coupled to the conventional system where the gel is distributed 
between the bristles improving the application and spreading of the 
product
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Sample size calculation

The primary results of this study involved the quantifica-
tion of HP within the pulp chamber. Based on previous 
studies [22, 23], an average of 0.399 ± 0.119 μg/mL of HP 
was quantified within the pulp chamber of teeth submitted 
to in-office bleaching with 35% HP. Using a bilateral test 
with an alpha of 0.05 and a power of 80%, six teeth were 
needed in each group to detect a difference of 0.200 μg/

mL; two extra teeth were assigned to each group due to 
possible sample losses during the experiment.

Sample preparation

The roots of all forty premolars were removed approximately 
3 mm from the cementum-enamel junction, using a low-
speed diamond disk (Buehler Ltd., Lake Bluff, USA). The 
pulp tissue was removed and rinsed with deionized water. 

Table 1   Commercial bleaching gel used in the study (manufacturer, composition, and application method)

(*) Measured pH assessed in triplicate (n = 3)
(**) Measured HP amount assessed in triplicate (n = 3)

Product (manufacturer) Composition Application method

Whiteness HP AutoMixx 35%
(FGM, Jonville, Brazil)
(6.5)*

35% Hydrogen peroxide (final concentration 
of HP 33.0%**) and digluconate calcium

1.With the self-mixing pointer (without applica-
tor brush or with applicator brush) duly cou-
pled to the double-body syringe that contains 
the bleaching gel;

2.Press the piston until the phases (peroxide and 
thickener) are slowly mixed;

3.A small quantity of gel was dispensed into 
a container prior to applying the product to 
the tooth surface, to assure that the applied 
product is properly homogenized;

4.The bleaching gel was applied until it com-
pletely covered the area of the teeth that were 
bleached, with a gel layer as thin as possible, 
using the self-mixing without applicator brush 
or with applicator brush, according to the 
experimental group;

5.After applied, the gel left in contact with the 
tooth for 50 min

6.At the end, the gel was removed with a suc-
tion cannula and washing with deionized 
water only on the vestibular surface.

Pola office + 37%
(SDI, Bayswater, Australia)
(6.5)*

37.5% hydrogen peroxide (final concentra-
tion of HP 28.2%**) and potassium nitrate

1.With the self-mixing pointer (without applica-
tor brush or with applicator brush) duly cou-
pled to the double-body syringe that contains 
the bleaching gel;

2.Press the piston until the phases (peroxide and 
thickener) are slowly mixed;

3.A small quantity of gel was dispensed into 
a container prior to applying the product to 
the tooth surface, to assure that the applied 
product is properly homogenized;

4.The bleaching gel was applied until it com-
pletely covered the area of the teeth that were 
bleached, with a gel layer as thin as possible, 
using the self-mixing without applicator brush 
or with applicator brush, according to the 
experimental group;

5.After applied, the gel left in contact with the 
tooth for 8 min;

6.Four applications of 8 min were performed, 
totaling 32 min;

7.At the end, the gel was removed with a suc-
tion cannula and washing with deionized 
water only on the vestibular surface.
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Access to the pulp chamber was expanded using a #1014 
spherical bur (KG Sorensen, SP, Brazil), with care taken not 
to touch the internal occlusal region of the pulp chamber. 
This was done so that 25 μL of solution could be introduced 
into the pulp chamber using a micropipette (HTL Lab Solu-
tions, Warsaw, Poland).

Obtaining the analytical curve

The study used analytical products without prior purifica-
tion, and all solutions were prepared using deionized water. 
Initially, a standard analytical curve was drawn from a 
5.000 μg/mL stock solution prepared from a concentrated 
solution (Eficácia Pharmacy, Ponta Grossa, PR, Brazil). This 
solution was diluted in an acetate buffer solution (pH = 4) 
and titrated using traditional methods. The solution was 
titrated with a potassium permanganate solution to deter-
mine the analytical grade and the actual concentration of 
the solution. Based on this initial concentration, serial volu-
metric dilutions of 0.000–0.464 μg/mL were performed to 
draw the analytical curve. The known concentrations of HP 
were obtained using a Cary UV–Vis 50 spectrophotometer 
(Palo Alto, CA, USA). This procedure yielded a standard 
reference line for the extrapolation of the study samples’ 
results (R = 0.996; these data are not shown).

Penetration of HP into the pulp chamber

The all forty premolars were placed with the occlusal sur-
face in contact with a wax plate, allowing access to the pulp 
chamber. The vestibular area of each tooth was isolated with 
the application of a light-cure resin barrier enclosing an area 
of 6 mm2. A 25-μL aliquot of the acetate buffer (pH = 4) was 
inserted into the pulp chamber of each tooth to absorb and 
preserve any HP that could penetrate the pulp chamber dur-
ing the bleaching procedures.

The materials were manipulated and applied to the 
vestibular enamel area according to the self-mix bleach-
ing gel used (Table 1). The self-mixing was done using 
an applicator without or with a brush tip. The bleaching 
gel was applied until it completely covered the area of 
the teeth to be whitened. One 50-min session for 35% HP 
and four 8-min sessions for 37.5% HP were performed, 
per the manufacturer’s recommendations (Table 1); then, 
the bleaching gel was removed with gauze, and only the 
vestibular surface was washed with deionized water. The 
control group was maintained without contact with the 
bleaching agents. Following the bleaching procedure, the 
acetate buffer solution in the pulp chamber of each sam-
ple was removed using a micropipette and transferred to a 
glass tube. To remove the HP completely, this procedure 
was repeated, with the pulp chamber of each tooth cleaned 
four times with 25 μL of the acetate buffer. This solution 

was transferred to the same glass tube. Sequentially, 100 
μL of 0.5 mg/mL (Leucocrystal Violet; Sigma Chemi-
cal Co., St Louis, MO, USA) and 50 μL of 1 mg/mL of 
horseradish peroxidase enzyme (Peroxidase Type VI-A; 
Sigma Chemical Co., St Louis, MO, USA) were added 
to the glass tube along with deionized water (2.725 μL). 
This sequence was repeated separately for each tooth. The 
resulting solution was measured using a Cary 50 UV–Vis 
spectrophotometer (Palo Alto, CA, USA). According to 
Beer’s law, the absorbance directly corresponds to the con-
centration. Therefore, the concentration of HP (μg/mL) 
was determined by comparison with the calibration curve 
already obtained.

Evaluation of color change

The same forty premolars used in the previous test were 
used in the present test. The color change was measured 
before and 1 week after bleaching, using a digital spectro-
photometer (Vita Zahnfabrik, Bad Säckingen, Germany). 
To measure the initial color of the specimens, guides were 
made with dense condensation silicone to standardize the 
position of the spectrophotometer through a window with 
an area of 6 mm2 diameter with a metal device in the mid-
dle third of the vestibular surface for each specimen, and 
the tip of the spectrophotometer was inserted [9]. Dur-
ing this period, the specimens were immersed in artifi-
cial saliva (Eficácia Pharmacy, Ponta Grossa, PR, Brazil). 
Daily changes of the artificial saliva were performed at a 
controlled temperature of 37 °C. The color parameters (L*, 
a*, and b*) were recorded through the tip of the device 
inserted in the silicone guide. The L* value represented 
the lightness (the values ranged from 0 for black to 100 for 
white), the a* represented the color along the green–red 
coordinate (− a* green, + a* red), and the b* value repre-
sented the color along the blue-yellow coordinate (− b* 
blue, + b* yellow). The color change was calculated as the 
difference in the sample before (baseline) and 1 week after 
bleaching for each group using CIELab’s 1976 formula 
[24]: ΔEab = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2. In addition, the 
color change (ΔE00) was calculated using CIEDE’s 2000 
formula [25]: ΔE00 = [(ΔL/kLSL)2 + (ΔC/kCSC)2 + (ΔH/
kHSH)2 + RT (ΔC * ΔH/SC * SH)]1/2 and the whiteness 
index [26]: ∆WID = (0.511L*) − (2.3424a*) − (1.100b*).

Evaluation of the amount of gel used for bleaching

The bleaching gel syringes and tips were weighed on a pre-
cision analytical digital scale (AUX220, Shimadzu, Kyoto, 
Japan) before and immediately after the application of the 
bleaching agents, as described in the literature [14].
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Initial concentrations of bleaching agents

The bleaching gels used in the study were titrated with 
a standardized potassium permanganate solution before 
the bleaching procedure, as described in the literature [9, 
27]. This was done to determine the initial concentra-
tions inside the bleaching gel tube and compare it with 
the information provided by the manufacturer.

pH measurements of bleaching agents

The pH of each bleaching agent was measured with a pH 
meter (Extech pH100, Extech Instruments, Nashua, NH, 
USA) placed directly in contact with the bleaching gel 
on a tooth [9, 16]; measurements were made at different 
times, beginning right after application and continuing 
every minute to evaluate the protocol indicated by Pola 
office + Plus 37.5% (SDI, Victoria, Australia) and every 
10 min to evaluate the protocol indicated by Whiteness 
HP Automixx 35% (FGM, Joinville, SC, Brazil).

Statistical analysis

The Kolmogorov–Smirnov test was used to assess 
whether the data were normally distr ibuted, and 
the Bartlett test for equality of variance was used 
to verify the assumption of an equality of variances 
(these data are not shown). As the data failed to show 
normality, the data on the amount of gel used (g), the 
penetration of HP (μg/mL) into the pulp chamber, 
and the color change (ΔEab, ΔE00, and ΔWID) were 
subjected to the nonparametric Kruskal–Wallis test 
and the Mann–Whitney test for pairwise comparisons 
(α = 0.05). The initial concentrations and pH data were 
evaluated by t-test for independent samples. The Pearson 
correlation was calculated between the concentration of 
the penetration of HP and the amount of gel used in each 
product according to the tip used.

Results

HP quantification in the pulp chamber

The amounts of HP in the pulp chambers are shown in 
Table 2. A lower amount of HP was found in the pulp cham-
bers of the control group (Table 2; p < 0.000001). Inde-
pendent of the bleaching gel used, the applicator without a 
brush tip resulted in a significant and higher amount of HP 
penetrating into the pulp chamber compared to the applica-
tor with a brush tip (Table 2; p < 0.000001). Regardless of 
bleaching agents, 35% HP applied without a brush showed 
a significant and greater amount of HP penetrating into the 
pulp chamber compared to 37.5% HP applied without a 
brush (Table 2; p < 0.000001).

Evaluation of the amount of bleaching gel used

The amounts of HP expended during the bleaching proce-
dure are shown in Table 2. Independent of the bleaching gel 
used, the applicator without a brush tip resulted in a signifi-
cant and higher amount of gel being expended compared to 
the applicator with a brush tip (Table 2; p < 0.0003). How-
ever, when application with the same brush tip was com-
pared, the 35% HP expended significant and less bleaching 
gel than the 37.5% HP (Table 2; p < 0.0003).

Correlation HP quantification in the pulp chamber 
vs. the amount of bleaching gel used

A strong and positive correlation (r = 0.85; p = 0.006) was 
found between the amount of HP measured inside the pulp 
chamber and the amount of gel used for HP 35% without 
applicator brush (Table 2). However, a weak and non-sig-
nificant correlation was observed between the amount of 
HP measured inside the pulp chamber and the amount of gel 
used for HP 35% with applicator brush (r = 0.40; p = 0.32), 
for HP 37.5% with an applicator brush (r = 0.65; p = 0.07), 
and for HP 37.5% with an applicator brush (r =  − 0.02; 
p = 0.96).

Table 2   Means (± standard 
deviations) of the hydrogen 
peroxide concentration (µg/
mL) detected into the pulp 
chamber and amount of gel used 
for bleaching (g) in different 
experimental groups (*)

(*) Identical capital or lowercase letters in each column indicate statistically similar means (p < 0.05)

Experimental groups HP concentration
(μg/mL)

Gel used for bleaching (g)

Control 0.003 ± 0.003 A 0.000 ± 0.000 a
HP 35% With applicator brush 0.338 ± 0.118 B 0.042 ± 0.017 b

Without applicator brush 0.927 ± 0.328 D 0.179 ± 0.057 c
HP 37.5% With applicator brush 0.229 ± 0.092 B 0.156 ± 0.051 c

Without applicator brush 0.511 ± 0.156 C 0.324 ± 0.098 d
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Evaluation of color change

The color change measurements are shown in Table 3. 
Significant differences were found when the control group 
was compared with all experimental groups (p = 0.009 for 
ΔEab, p = 0.001 for ΔE00, and p = 0.006 for ΔWID; Table 3). 
Regarding the bleaching gels or the tips used, no significant 
differences in terms of color change were observed when all 
color measurements evaluated were compared (ΔEab, ΔE00, 
and ΔWID; Table 3; p > 0.32).

Initial concentrations of HP in the bleaching agents

The initial concentration of HP in the 35% HP was 33.0 ± 1.1 
and in the HP 37.5% was 28.2 ± 5.4 with a significant dif-
ference between them (p < 0.0001). While the concentration 
of the former is closer than indicated by the manufacturer, 
the concentration of the latter was below that indicated by 
the manufacturer.

pH measurements of bleaching agents

Initially, after mixing, the 35% HP had an initial pH of 6.5, 
reaching a pH of 5.6 at the end of treatment. For the 37.5% 
HP, the pH measured after mixing was 6.5, and it remained 
stable throughout the application time (Fig. 2). When both 
bleaching gels were compared, a significant difference was 
observed in the pH at the end of treatment. At this time, 

37.5% HP showed a significant and higher pH when com-
pared with 35% HP (p < 0.001).

Discussion

Despite manufacturers’ recommendations for application of 
in-office bleaching indicates the amount of bleaching gel to 
be applied  need to be homogeneous and, in enough amount, 
to guarantee bleaching efficacy. Usually, it is difficult to con-
trol these factors. Therefore, the use of different applicator 
brushes, as evaluated in the present study, seems to be an 
interesting alternative. According to manufacturers, it will 
be expected, when a brush tip will be used, a homogeneous 
and uniform film thickness of bleaching gel will be applied 
on the dental surface, reducing the amount of bleaching 
agents spent during application. Indirectly, the use of brush 
tip will reduce the penetration of hydrogen peroxide into 
the pulp, because less amount of bleaching gel will be used.

These statements seem to be proved in the present study, 
since it showed a significantly lower penetration of HP into 
the pulp chamber for groups in which the application was 
done using an applicator with a brush tip, regardless of 
the concentration used, leading to partial rejection of the 
first null hypothesis. Also, the application of HP using an 
applicator with a brush tip decreased the amount of HP in 
the pulp chamber by 58–64%, compared to the use of an 
applicator without a brush tip. This seems to be related to 

Table 3   Means (± standard 
deviations) of the color 
change in different objective 
assessments (ΔEab, ΔE00, and 
ΔWID) in different experimental 
groups (*)

(*) Identical capital, lowercase, or superscript letters in each column indicate statistically similar means

Experimental groups ΔEab ΔE00 ΔWID

Control 1.3 ± 0.5 A 1.1 ± 0.5 a 1.6 ± 0.9 A

HP 35% With applicator brush 3.6 ± 1.8 B 2.0 ± 0.9 b 5.6 ± 1.8 B

Without applicator brush 4.2 ± 1.6 B 2.6 ± 0.9 b 6.7 ± 3.5 B

HP 37.5% With applicator brush 4.6 ± 2.2 B 2.8 ± 0.9 b 6.9 ± 1.8 B

Without applicator brush 5.7 ± 2.4 B 3.5 ± 1.2 b 7.1 ± 2.0 B

Fig. 2   Evaluation of pH stabil-
ity during the application time 
of 50 min for both in-office 
bleaching gels evaluated. Ini-
tially both gels have a slightly 
acidic and similar pH. However, 
during the application time, 
HP 35% becomes more acidic, 
while HP 37.5% showed pH 
stability
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the amount of HP expended. When the applicator with a 
brush tip was used, the amount of expended gel showed a 
decrease of 63.5% on average compared to the use of an 
applicator without a brush tip, regardless of the concentra-
tion used. This led to the partial rejection of the second null 
hypothesis.

Some studies have shown that as the amount of HP 
increased, so too did the damage to the pulp tissue in ani-
mals [28]. The application of a 35% HP bleaching gel caused 
more damage to the pulp tissue in animals than the appli-
cation of a 20% HP gel [29]. Recently, Esteves et al. [15] 
indicated a directly proportional relationship between the 
volume of the bleaching product applied on the tooth surface 
and the number of patients with TS.

However, as far as the authors of this paper are aware, 
only Carneiro et al. [14] evaluated the amount of HP pen-
etrating into the pulp chamber and the amount of bleaching 
gel expended when different tips were used. Their results 
showed that a lower amount was spent with the use of a 
brush tip, and this significantly decreased the amount of HP 
in the pulp chamber when compared to application without 
brush tip, as was observed in the present study.

On the other hand, a significant difference was observed 
when both in-office bleaching gels were evaluated after 
application without a brush tip. A higher amount of HP 
in the pulp chamber was observed for the use of 35% HP 
compared to 37.5% HP. Several factors could help explain 
these findings. If one takes into consideration that the HP 
concentration described on the label is similar for both 
in-office bleaching gels available, no significant difference 
will be expected. However, while the concentration 
of the 35% HP gel was closer than the manufacturer 
described—33% according to the present measurement—
the 37.5% HP gel had a concentration 9.3% lower than that 
stated on the label, with a real concentration of 28.2%. It is 
well known that when the amount of HP available is lower, 
the amount of HP that penetrates into the pulp chamber is 
also lower [27]. In fact, many commercial brands have less 
HP in the syringe than is described on the label, as shown 
by Matis et al. [30].

Another factor is the application mode, while 37.5% 
HP requires product reapplications in 4 times of 8 min, 
and 35% HP only indicates a single application of 50 min. 
Therefore, the gel expense for 37.5% HP was considerably 
higher than for 35% HP. In a pilot study, the 37.5% HP 
was applied for 50  min. However, a higher increase 
of flowability of the in-office gel after 10–12 min of 
application occurred, preventing the evaluation in the 
proposed time (not showed data). Several in vitro studies 
showed that an increase in the amount of HP inside the 
pulp chamber according to the increase of the number 
of changes occurred [16, 21, 31]. This increase showed 

significant impact in the viability of pulp cells [31]. In a 
clinical scenario, Kose et al. [32] demonstrated that the 
number of patients with TS was higher when the 35% HP 
in-office bleaching procedure was performed in two or 
three 15-min applications instead of only one application.

A third factor to be considered is the pH. While the 35% 
HP bleaching gel showed an acidic and unstable pH during 
the time it remained on the tooth, the 37.5% HP bleaching 
gel showed the opposite characteristics, less acidity and 
stability. This confirms the previous results observed by 
de Mendonça et al. [21]. Actually, most in-office bleaching 
gels are supplied with a low pH to increase the product’s 
useful life [33–35]. The disadvantage of a low pH is that 
it can promote enamel demineralization [8, 36]; changes 
in the chemical composition, morphology, and mechanical 
properties of the tooth structure [37–39]; and increased 
diffusion of HP to the pulp [8, 16, 22].

In vitro studies have shown that less acidic products do 
not alter the enamel’s roughness and thus do not have del-
eterious effects on the enamel surface [8, 37]. Therefore, 
a decreased diffusion of HP into the pulp will be expected 
[8, 16, 22]. These results seem to be confirmed by some 
clinical trials that showed less acidic in-office bleaching 
agents generate fewer patients with TS compared to more 
acidic bleaching gels [18, 19].

Regarding color change, although the attached brush 
tip deposited a smaller amount of bleaching gel on the 
tooth surface compared to a tip without a brush, this seems 
not to impact the whitening effect observed. In addition, 
despite a difference in the amount of HP available and the 
pH observed for both bleaching gels, no significant dif-
ference in color change was observed when both in-office 
bleaching gels were compared, as has been previously 
observed in different studies [8, 16, 22]. This led to the 
partial rejection of the third null hypothesis.

Finally, the current study showed promising results 
regarding the use of an application tip with a brush 
attached for self-mixing bleaching materials, since the 
penetration of HP into the pulp was reduced and the 
bleaching’s effectiveness was maintained. Therefore, 
future studies need to evaluate whether the use of a brush 
tip with in-office bleaching gels can affect TS and the whit-
ening effect of self-mixing bleaching materials. Although 
two different commercial products were evaluated, and 
at the margin of the authors’ knowledge, unique in self-
mix form among bleaching gels available commnercially, 
the results should not be extrapolated to all commercial 
brands, since the tip to be coupled is not universal, mak-
ing it impossible to use for all commercial brands. This 
showed be consider a limitation of the present study. 
Therefore, future studies evaluating different commercial 
brands should be conducted.
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Conclusion

Regarding the different tips evaluated, the HP penetration 
into the pulp chamber as well as the amount of gel used 
was lower when using an applicator with a brush tip than 
when using one with a conventional tip for both in-office 
gels used. Regarding the in-office bleaching gels evalu-
ated, the HP penetration into the pulp chamber was lower 
for HP 37.5% than HP 35% when used without tip. Despite 
more gel was expended when HP 37.5% was mixed in 
comparison with HP 35%, the HP 37.5% maintained their 
pH (6.5) along the application time, while HP 35% showed 
a significant decrease (6.5 to 5.5). Independently of the 
tips or in-office gels evaluated, all groups showed a higher 
whitening effect.
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