
Regardless of the high success rate, patients commonly report the occurrence of tooth 
sensitivity during the in-office bleaching procedures. Recently, it has been demonstrated 
that using a customized tray (called sealed in-office bleaching technique) reduces peroxide 
penetration. The aim of this randomized clinical study was to evaluate tooth sensitivity 
and bleaching efficacy of sealed bleaching, in comparison with a conventional in-office 
technique. Twenty patients were randomized allocated in two groups in which 35% 
hydrogen peroxide gel was used in a single 45-min application. For the sealed technique, 
a customized bleaching tray was fabricated and carefully positioned over the bleaching 
agent during the session. The color was recorded at a baseline, 7 and 28 days after the 
bleaching session, using Vita Easy Shade spectrophotometer. Tooth sensitivity was recorded 
during (20 and 40 min) and immediately after the treatment using a visual analogue scale. 
The bleaching efficacy was evaluated by repeated-measures ANOVA, while the absolute risk 
of tooth sensitivity and its intensity were evaluated by Fisher’s exact and Mann-Whitney 
tests, respectively (α=0.05). No significant difference on bleaching efficacy was observed 
between the conventional (7.4 and 8.1 ΔE) and sealed techniques (7.8 and 8.3 ΔE) at both 
evaluation periods. No significant difference was observed regarding the absolute risk of 
tooth sensitivity (p=0.15). Sealed technique showed a significant decrease of sensitivity 
intensity after 40 min (p=0.03). Sealed bleaching technique was able to reduce the sensitivity 
intensity during the bleaching procedure, without jeopardizing the bleaching efficacy.
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Introduction 
Despite an increased rate of successful bleaching 

procedures that achieve aesthetics needed for patients, 
the presence of sensitivity during and after treatment is 
still a challenge for clinicians (1,2). Tooth sensitivity (TS) 
is related mainly to in-office bleaching protocols that use 
high-concentration bleaching agents, mainly hydrogen 
peroxide (HP) at a concentrations ranging from 25 to 38%. 

Although the mechanism of action of peroxides have 
not yet been fully established, the bleaching efficacy has 
been associated with the oxidative effect of free radicals, 
released by HP broken (4). However, it has been reported 
that, due to their low molecular weight, the HP molecules 
are capable of diffusing across the hard dental tissues to 
reach the pulpal chamber (6). The presence of HP and its 
degradation products can result in irreversible pulp cell 
damage and has been associated with TS after bleaching 
procedures (6). Nearly 70% of patients undergoing in-office 
bleaching report some TS during the procedure, mainly in 
the anterior teeth (7). The rate of patients who present TS 
can increase to more than 90% when the procedure involves 
restored anterior teeth (8). Even though TS is transitory 
and quickly disappears after the end of the procedure, 
the presence of sensitivity during the bleaching can lead 
to an interruption of the procedure and compromise 
the results. Thus, previous use of desensitizing agents 
(8-10), preoperative anti-inflammatory drugs (11-12) 

and anti-oxidative agents (13) has attempted to reduce 
the TS associated with in-office bleaching procedures. 
The success of this pretreatment remains controversial. 
Another concern is that this procedure adds an extra step 
to the bleaching protocol, which is against the current 
preference for simplification and shortening of chairside 
time, mainly because one of the alleged advantages of 
in-office bleaching is the fast whitening results. 

An interesting alternative has recently been tested in 
an in vitro study (14), in which covering the bleaching 
agent during the in-office bleaching procedure reduced 
the amount of HP that reached the pulp chamber, without 
changing the bleaching outcome. This technique, called 
sealed in-office bleaching, involves the application of 
a high-concentration bleaching agent onto the buccal 
enamel surface, followed by the placement of a linear 
low-density polyethylene tray, similar to those used during 
at-home bleaching, which prevents dehydration of the 
gel and could explain the lower peroxide penetration 
into the pulp chamber. To the best of our knowledge, no 
clinical study has been performed testing this technique. 
Thus, the aim of this preliminary study was to evaluate 
the effectiveness of the sealed protocol for the in-office 
bleaching, with respect to TS and BE, compared with 
conventional bleaching technique. The tested hypothesis 
is that the sealed protocol reduces the TS during the in-
office bleaching without altering the BE. 
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Material and Methods
This clinical investigation was approved by the 

local Scientific Review Committee and Committee 
for the Protection of Human Subjects (Protocol 
#18538713.2.0000.5546). The study description follows the 
CONSORT statement (15). Prior to the bleaching procedures, 
all volunteers underwent dental screening and professional 
pumice prophylaxis and signed an informed consent form.

Study Design. 
This was a randomized, single-blinded, controlled 

trial with a parallel group and an equal allocation rate 
to receive either one of two treatments. The study was 
conducted at the Dental Clinic of the School of Dentistry 
of the Federal University of Sergipe (UFS) from May 2013 
to November 2013. 

Inclusion and Exclusion Criteria
Patients in this clinical trial were at least 18 years old 

and had good general and oral health. Participants were 
recruited from the patients attending the Dental Clinic. 
The participants were required to have the six caries-
free maxillary anterior teeth without restorations and/or 
endodontic treatment. Participants were excluded from the 
study if they had undergone tooth bleaching procedures 
or were pregnant/lactating; had severe internal tooth 
discoloration (tetracycline stains, fluorosis, pulpless teeth); 
were taking any kind of medicine, had bruxism habits or 
any other pathology that could cause sensitivity (such 
as recession or dentin exposure); and were smokers with 
periodontal diseases. Those individuals would not be eligible 
for an immediate cosmetic treatment, such as bleaching. 
Participants who reported continuous use of drugs with 
antiinflammatory actions were also excluded from the study.  

Sample Size Calculation 
The primary outcome of this study was the absolute risk 

of TS. The sample size was calculated using the absolute 
risk of TS (100%) found in a previous study using a single 
45-min application of the same bleaching agent of this 
study (Whiteness HP Maxx, FGM, Joinville, SC, Brazil) (16). 
Thus, 20 patients were required to have 80% chance of 
detecting, as significant at the 5% level, a decrease in 
primary outcome measure from 100% in the control group 
to 50% in the experimental group. 

Study Intervention 
Twenty participants were randomly subjected to a 

conventional in-office bleaching protocol (control) or to 
an experimental protocol of sealed in-office bleaching. Two 
participants received one bleaching per day; the protocol 
used for the first participant was randomly defined at 

the moment of initiating the bleaching, and the second 
participant was allocated to other protocol. 

Baseline Measurements 
Prior to the bleaching procedures, the tooth sensitivity 

and shades of the six maxillary anterior teeth were 
evaluated. The teeth sensitivity was evaluated by using a 
Visual Analogue Scale (VAS), which consisted of a 10-cm 
color scale from green (no sensitivity) to red (unbearable 
sensitivity). A slightly air-stream was applied over the buccal 
surfaces of the central incisors, and the patients recorded 
their sensitivity perception by pointing with a pen on the 
scale. The distance between the marking and the border of 
scale, relative to the absence of sensitivity was measured. 
The measurements were scored according to: 0 - until 1.6 
cm; 1 - between 1.7 and 3.3 cm; 2 - between 3.4 and 5 
cm; 3 - between 5.1 and 6.6 cm; 4 - between 6.7 and 8.3 
cm; and 5 - between 8.4 and 10 cm. A spectrophotometer 
(Easy Shade Compact, Vita-Zahnfabrik, Bad Säckinge, 
Germany) was used to measure the tooth shade. The values 
of L* (brightness), a* (hue in red-green axis) and b* (hue 
in blue-yellow axis) were recorded. Three measurements 
were performed for each tooth, while the means of L*, 
a* and b* values were used in the analysis of the shades. 
A dense silicon index, extending from canine to canine, 
was confectioned to create a standard of the evaluation 
during the study. The index presented a perforation 
with approximately 6 mm of the diameter to permit the 
placement of the spectrophotometer tip. 

Intervention
Two clinicians performed the bleaching procedures. 

Previously, the gingival tissue of the teeth to be bleached 
was protected with a light-activated resin dam (Top Dam, 
FGM, Joinville, SC, Brazil). The 35% HP gel (Whiteness HP 
Maxx) was used in a single 45-min application for both 
groups, in accordance to the previous study (16). For 
the sealed bleaching protocol, a customized bleaching 
tray (similar to the one used for at-home bleaching) was 
fabricated with acetate and carefully positioned over the 
bleaching agent. The sequence of tray placement for the 
sealed protocol is illustrated in Figure 1. For both protocols, 
only one session of bleaching was performed.  

 TS Evaluation 
The patients recorded their perceptions of TS at 20 

and 40 min during the bleaching procedures using VAS. 
TS was also evaluated immediately after the bleaching 
procedures using the same scale. Data were arranged into 
two categories: percentage of patients who reported TS at 
least once during the bleaching procedure (absolute risk of 
TS) and overall TS intensity. The first measure represented 
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the likelihood that sensitivity would occur, and the second 
was the level of intensity likely to be incurred. 

Shade Evaluation 
The shades of the six maxillary anterior teeth were 

recorded 7 and 28 days after the bleaching process. In these 
times, the ΔE was calculated by the following equation: 
ΔE= [(ΔL)2 + (Δa)2 + (Δb)2]1/2, while ΔL = L1 – L 0 ; Δa = 
a1 – a 0 ; e Δb = b1 – b. 

Statistical Analysis
The analysis followed the intention-to-treat protocol 

and involved all participants who were randomly assigned 
(20). The statistician was blinded to the study 
groups. The primary outcome absolute risk of 
TS was compared by using the Fisher Exact test. 
The confidence interval for the effect size was 
calculated. 

TS intensity (secondary outcome) was 
compared by using the Mann-Whitney U test 
(between two groups at the three different 
evaluation times) and using the Friedman 
tests (between times within each group). Color 
change, another secondary endpoint, was 
used to assess the efficacy of the bleaching 
treatment. ΔE data of both groups were analyzed 
by repeated-measures ANOVA. In all statistical 
tests, a pre-set alpha of 5% was used. 

Results 
The mean age (years) of the participants 

in this study was similar between the groups 
(conventional technique = 22.8 ± 2.7 and sealed 
technique = 21.0 ± 2.0 years; p=0.23). Forty 
percent of the participants from the groups 
were male.  

Tooth Sensitivity 
Regarding the absolute risk of TS, no 

significant difference was observed between the groups 
(Table 1; p=0.15). The relative risk, as well as the 95% 
confidence interval, is also evidence that the use of the 
sealed technique had no effect on the TS reduction. 
Regarding the TS intensity, the groups differ statistically 
only at 40 min of bleaching (Table 2, p=0.03), with a higher 
intensity of TS for the conventional technique. At 20 min of 
procedure and immediately after bleaching agent removal, 
both techniques did not differ statistically (Table 2, p=0.07 
and p=0.82, respectively).  

Color Evaluation 
Repeated-measures ANOVA did not show a significant 

Figure 1. Clinical sequence for sealed bleaching technique. A: Isolation with light-activated resin dam. B: Application of 
35% hydrogen peroxide gel. Placement of customized bleaching tray in the maxillary and mandibular arches (C). 

Table 1. Comparison of number of patients who experienced tooth sensitivity 
during bleaching regimen in both groups, including absolute and relative risks

Bleaching 
technique 

Tooth sensitivity 
during treatment p 

value *
Absolute risk 
(95% CI**) 

Relative risk
 (95% CI**)

Yes No

Conventional 9 1
0.15

90 (59-98)
0.44 (0.20-0.97)

Sealed 4 6 40 (16-68)

*Fisher’s exact test (α=5%). **Confidence interval. 

Table 2. Medians (minimum/maximum values) of scores of tooth sensitivity 
intensity (0-5) experienced by patients for each treatment group at different 
evaluation times

Evaluation
 time

Bleaching technique p 
value*

Conventional Sealed

≤20 min 1 (0/2) Aa,b 0 (0/1) Ab 0.07

20 to 40 min 1.5 (0/3) Aa 0 (0/1) Bb 0.03

Immediately after 0 (0/1) Bb 0 (0/1) Bb 0.82

*At each period, the two treatments were compared with the Mann-Whitney U 
test and significant differences are represented by different uppercase letters. 
For each treatment, the three periods were compared with Friedman test and 
differences are represented by different lowercase letters (α=0.05). 
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effect for the factors ‘bleaching technique’ (p=0.69) and 
‘evaluation time’ (p=0.14). The interaction between the 
factors was not statistically significant either (p=0.78). 
The results are displayed in Table 3. 

Discussion
The results of the present study indicated that the 

absolute risk of TS observed during the bleaching procedure 
was 90% when the conventional protocol used. This is 
similar to outcomes from other studies that evaluated 
sensitivity of in-office bleaching with 35% HP (12,13,16). 
On the other hand, covering the bleaching agent during 
the procedure reduced the risk of TS to 40%. However, 
although the number of patients who experienced tooth 
sensitivity during bleaching regimen in both groups was 
statistically similar, the level of sensitivity during the 
bleaching procedure was reduced with the use of the sealed 
technique, showing statistical difference from conventional 
one at 40 min of bleaching.

Despite several hypotheses that attempt to explain 
the association between TS and bleaching agents, the 
most accepted theory is a higher penetration of HP and 
its degradation products that penetrate through the tooth 
hard tissues to reach the pulp chamber (17). The presence of 
HP and its degradation products may cause cell death and 
reduced cell proliferation (18). This damage occurs mainly 
to the odontoblast layer of underlying dentin. A previous in 
vitro study evaluated the effect of covering the bleaching 
agent (sealed technique) on the color change and level of 
penetration of HP into the pulp chamber (14). The results 
showed a lower penetration of HP into the pulp chamber 
for the sealed technique compared to the conventional 
technique. Furthermore, no difference in the color change 
was observed between the two techniques (14). 

Based on the fact that the differences among TS 
were more evident after 20 min, we speculate that this 
is directly related to the difference of the concentration 
of HP and its products in the pulp chamber between the 
techniques. Of course, it can be expected for an increasing 
of HP concentration in the pulp chamber with the longer 
times of exposition (19). Thus, despite the fact that better 
results are observed with a sealed protocol, this technique 
did not solve the TS, if used for a longer period of time. 

Actually, the use of a single 45-min application for agent 
bleaching was used for both techniques in the present 
study, in contrast to the manufacturer’s recommendation 
of three 15-min applications. A single 45-min application 
facilitates the use of the sealed technique. This occurs 
once that the tray removal, followed by a change in the 
bleaching agents and a change in the placement of the 
tray is not necessary. Furthermore, a previous study showed 
that a single 45-min application results in a significant 
whitening effect (16). Moreover, different products that 
use this technique have been launched in the market (20). 
However, higher intensity of the tooth sensitivity during 
the bleaching procedure was observed for a single 45-min 
application of agent bleaching compared with three 15-
min applications (16). One possible explanation is that the 
pH reduction of the bleaching agent, with time, increased 
the porosities of enamel, favoring the HP penetration. 
Also, covering the bleaching agent with a tray during the 
sealed technique may prevent dehydration of the gel and 
rapid degradation of active agents in the gel, reducing the 
HP penetration into the pulp chamber (14). Kown et al. 
(14) demonstrated in vitro only a minor alteration of HP 
concentration on the pulp chamber form a baseline to 40 
min, when the sealed technique was used. It is important to 
also emphasize that the application of the bleaching agent 
increases the porosity of the highly-mineralized enamel, 
owing to the disruption of the matrix protein (21). Thus, a 
simple air jet over the bleached more porous enamel can 
induce the TS. The sealing of the tooth surface by using 
the bleaching tray reduces the draught stimulus and can 
contribute to an additional reduction of the TS level.  

The bleaching procedure in the present study was 
performed in only one session because the bleaching 
efficacy is not the primary outcome. However, the results 
of this preliminary study indicated that both techniques 
demonstrated similar and significant tooth color 
enhancement, as compared with the baseline. Studies that 
employed a higher concentration of hydrogen peroxide 
and reported their results in ΔE have usually observed 
an overall color change of 4.7 to 8.7 after one bleaching 
session (22-24), which is very similar to the results of the 
present study. 

Despite the absence of a statistically significant 
difference on TS between the two techniques, a clear 
tendency of TS reduction was observed, when a sealed 
technique was used. Only three patients presented some 
TS during the first 20 min when the sealed technique 
was used, while seven presented TS for the conventional 
technique during this same period. The outcomes are 
preliminary and it is expected that increasing the sample 
size results in a significant difference on TS. For instance, 
the sealed bleaching technique has some disadvantages, 

Table 3. Means (95% CI*) of ∆E 

Evaluation
 period

Conventional 
technique 

Sealed 
technique

7 days 7.4 (6.2-8.6) 7.8 (6.8-8.8)

28 days 8.1 (7.0-9.2) 8.3 (6.2-10.4)

*Confidence interval
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as the necessity of fabrication of a customized bleaching 
tray (similar to the one used for at-home bleaching). This 
is more time-consuming and makes the technique more 
difficult to implement. However, there is a clear tendency 
to associate in-office with at-home bleaching because this 
involves a fast and stable bleaching process with lower TS 
(19, 25). Thus, the clinician can use the same bleaching 
tray for the sealed in-office bleaching and after patient 
use at-home. Therefore, further investigations of in vivo 
and in vitro must be performed to focus on the long-term 
outcomes of tooth sensitivity and color change, using 
different bleaching agent concentrations in bleaching 
treatments to confirm this hypothesis. 

Resumo 
Apesar da alta taxa de sucesso, os pacientes comumente relatam a 
ocorrência de sensibilidade dental durante os procedimentos clareadores 
em consultório. Recentemente, foi demostrado que o uso de uma moldeira 
customizada (denominada de técnica de consultório selada) reduz a 
penetração de peróxido. O objetivo deste ensaio clínico randomizado 
foi avaliar sensibilidade dentária e eficiência de clareamento do 
clareamento selado, em comparação com a técnica convencional de 
consultório. Vinte pacientes foram aleatoriamente divididos em dois 
grupos. Em ambos os grupos, um gel de peróxido de hidrogênio a 35% 
foi usado em uma simples aplicação de 45 minutos. Para a técnica 
selada, uma moldeira de clareamento customizada foi confeccionada e 
cuidadosamente posicionada sobre o agente clareador durante a sessão. 
A cor foi registrada no início, 7 e 28 dias após a sessão de clareamento 
usando a espectrofotômetro Vita easy shade. Sensibilidade dental foi 
registrada durante (20 e 40 minutos) e imediatamente após o tratamento 
usando uma escala visual analógica. A eficácia do clareamento foi 
avaliada por ANOVA de medidas repetidas, enquanto o risco absoluto de 
sensibilidade dental e a sua intensidade foram avaliados pelos testes de 
Fisher e Mann-Whitney, respectivamente (α=0.05). Nenhuma diferença 
na eficácia do clareamento foi observada entre as técnicas convencional 
(7.4 e 8.1 ΔE) e selada (7.8 e 8.3 ΔE) para ambos os tempos de avaliação. 
Nenhuma diferença foi observada em relação ao risco de sensibilidade 
dental (p = 0,15). A técnica selada mostrou uma significante diminuição 
da intensidade de sensibilidade após 40 minutos (p = 0,03). A técnica 
selada de clareamento reduziu a intensidade da sensibilidade durante o 
procedimento clareador, sem afetar a eficácia do clareamento.
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