Brazilian Dental Journal (2015) 26(3): 242-248
http://dx.doi.org/10.1590/0103-6440201302282

Response of Human Pulps to
Different In-Office Bleaching
Techniques: Preliminary Findings

Douglas Augusto Roderjan’, Rodrigo Stanislawczuk’, Josimeri Hebling?,
Carlos Alberto de Souza Costa?, Alessandra Reis’, Alessandro D. Loguercio’

This study evaluated a whitening effect and the likely side effect (tooth sensitivity and
pulp response) of human teeth subjected to different in-office bleaching (I0B) techniques
and materials, mainly the presence of calcium in the I0B materials. A calcium-free (CF)
and a calcium-containing (CC) 35% hydrogen peroxide (HP) gels were evaluated. The CF
was refreshed every 15 minutes, three times (CF 3-15) or in a single 45-min application (CF
1-45) at one bleaching appointment. The CC was used only in a single 45-min application
(CC 1-45). Each technique was applied in 5 mandibular incisors scheduled for extraction
for different patients. In control group, no tooth bleaching was performed. The tooth
colour (TC) and tooth sensitivity (TS) were recorded at baseline and after 10B. The teeth
were extracted 2 days after the application of 0B and subjected to histological analysis.
The data was submitted to appropriate statistical analysis (=0.05). The changes of TC
were similar between groups and statistically different from the control (p<0.05). However,
TS of groups bleached with CF was statistically higher than that recorded for CC and
the control (p<0.05). In CF 3-15 and CF 1-45 groups, the coronal pulp tissue exhibited
partial necrosis associated with tertiary dentin deposition. In CC 1-45 group smaller area
of necrosis occurred only in three bleached teeth in which tertiary dentin deposition was
observed. The calcium-containing 35%HP gel could be preferable for in-office bleaching
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because it caused less tooth sensibility and pulp damage.

Introduction

Although clinical studies have shown that in-office
bleaching can reach as satisfactory degree of whitening
as the at-home bleaching as long as the materials are used
for appropriate time (1) in-office tooth bleaching shows
a high risk of tooth sensitivity (TS). Approximately 55 to
100% of the patients experience bleaching-induced TS
with a mild to severe intensity (2-3).

The literature believes that the damage caused by
hydrogen peroxide (HP) diffusion into the pulp during
tooth bleaching (4,5) is responsible for the TS (6). Within
5 to 15 min after application of bleaching gels, HP can
be found in the pulp tissue, where it irritates nerves and
produces a reversible pulpitis for at-home bleaching gels
(7). However, it seems that more severe effects occur, when
a higher number of bleaching sessions were performed or
when pulps of lower central incisors after application of a
38% HP in-office bleaching gel (8,9). In addition, several
current in vitro studies have demonstrated the occurrence
of transenamel and transdentinal damage to cultured pulp
cells after in-office HP application on enamel (10-13).

Although the concentration of HP in in-office bleaching
gels is similar among different brands, products differ one
another as other components and additives are included in

testing, metabolism.

their formulation. For instance, there are products
formulated with different desensitizing agents (1). Besides
that, the pH of these products variesamong product brands
(14). Non-study has so far addressed the effects of these
variations on the pulp response of human teeth.
Variations in the product application may also have an
impact on TS. In-office bleaching gels are usually applied
on tooth surfaces, left undisturbed for a while (usually
15 min) and then the product is refreshed 3 to 4 times in
each clinical appointment, depending on the bleaching
gel brand. In an attempt to reduce in office-time and the
costs associated with in-office bleaching gels, three studies
evaluated the bleaching effectiveness and TS of a single
45-min application (3,13,15). Since the diffusion of HP
through dentin depends on the original concentration of
this chemical component in the bleaching gel, the number
of product applications and the length of time the gel is
maintained in contact with the dentin (4,5) this single-
product application might reduce the amount of HP that
reaches the pulp chamber and may also cause less damage
to pulp cells than three 15-min applications, as well as,
recently showed by Cintra et al. (16) in dental pulps of rat
incisors. However, to the extent of the author’s knowledge
the effect of this technique on pulp tissue has not been



addressed yet in human pulps. Therefore, the aim of this
study was to evaluate the response of human pulps of
mandibular anterior sound incisors subjected to in-office
bleaching with different products and techniques.

Material and Methods

This clinical investigation was approved under protocol
number 09171/10 by the Ethics Committee from the local
University. Based on pre-established criteria, 17 participants
with mandibular incisors scheduled to be extracted strictly
indicated for orthodontic reasons were selected for this
study.

All the participants had anterior teeth with initial
shade A2 or darker as judged by comparison with a value-
oriented shade guide (Vita Lumin; Vita Zahnfabrik, Bad
Sickingen, Germany). Two weeks before the bleaching
procedures, all the subjects received a dental screening
and tooth prophylaxis. The diagnosis of pulp sensitivity
was evaluated by a cold test application (Roeko-Endo-
Frost; Colténe/Whaledent, Langenau, Germany). After 10
s of application, all patients should answer positively to
this test indicating a few and not lingering pain response.
After reading and receiving all necessary explanations
including the experimental rationale, clinical procedures
and possible risks, the selected patients signed a consent
form explaining the research protocol, which was previously
approved by the Ethics Committee.

Inclusion and exclusion criteria. Participants included
in this clinical study had good general and oral health.
The participants should present at least one caries-free
mandibular incisor without restorations on the labial
surface with shade A2 or darker in need of extraction due
to orthodontic reasons. Participants that had undergone
tooth-whitening procedures, presenting anterior
restorations, pregnant/lactating, with severe internal tooth
discoloration (tetracycline stains, fluorosis, pulpless teeth),
bruxism habits or any gross pathology in the mouth were
excluded from the study. Participants using any continuous
drug with anti-inflammatory and antioxidant action were
also excluded. The participants were asked about the
previous TS the week before the beginning of the bleaching
therapy and those who reported any degree of spontaneous
TS were not included in the study sample.

Study design. Participants were randomly divided
into four groups according to control or the in-office
bleaching therapies. After the prophylaxis procedures, the
gingival tissue of the teeth to be bleached was isolated
with a light-cured gingival barrier (Top Dam, FGM Dental
Products, Joinville, SC, Brazil). A calcium-free and a calcium
containing (Whiteness HP Maxx [CF], Whiteness HP Blue
35 [CC], FGM) 35% HP gels were applied on the buccal
surface of the incisors according to the instructions briefly
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described following: for the groups CF (3-15) and (CF 1-45),
three drops of phase 1 (hydrogen peroxide) was mixed
with one drop of phase 2 (thickener) and a thin layer of
gel was applied. The bleaching gel was left on the teeth
surface for 15 min (CF 3-15) or 45 min (CF 1-45). For the
CC 1-45, two syringes (hydrogen peroxide and thickener)
were connected and mixed for several times. Following,
the bleaching gel was left on the teeth surface for 45 min.
At the end, for all groups, the bleaching gel was removed
with an aspirator. All participants were instructed to brush
their teeth regularly using a fluoridated toothpaste (Sorriso
Fresh; Colgate-Palmolive, Sdo Paulo, SP, Brazil).

Shade evaluation. The color was registered at baseline
and two days after the bleaching session using a value-
oriented shade guide (Vita Lumin, Vita Zahnfabrik). The
shade guide's 16 tabs were arranged from highest (B1) to
lowest (C4) value (B1*A1*B2*D2*A2*C1*C2*D4*A3*D3*B3*
A3.5*B4*C3*A4*C4). Although this scale is not linear in
the truest sense, we treated the changes as representing
a continuous and approximately linear ranking for the
purpose of analysis. The shade changes from the start of the
active phase to the individual recall times were calculated
by calculating the change in the number of shade guide
units (A SGU) that occurred toward the lighter end of
the value-oriented list of shade tabs. Only one calibrated
and experienced evaluator recorded the shade of each
subject's teeth at baseline and two days after the bleaching
procedure. The measurement area of interest for shade
matching was the middle third of the facial surface of teeth.

Tooth sensitivity evaluation. Two days after the
procedure, the participants were asked if they had
experienced any TS in the bleached tooth. No attempt was
made to record the TS intensity but only if the participants
experienced or not any degree of TS.

Clinical/Laboratorial procedures and Histological
evaluation. This protocol followed a modified description
of Costa et al. (8). Two days after the bleaching procedure,
the teeth were extracted under local anesthesia. The roots
were immediately sectioned midway between the cement/
enamel junction (CEJ) and the root tip with a high-speed
handpiece under water spray. The teeth were stored for
48 h in formalin fixative solution at pH 7.2, decalcified in
buffered Morse's solution, dehydrated, vacuum-infiltrated
with wax paraffin and finally embedded in paraffin. Six-um
thick serial sections were cut (“820" Spencer Microtome,
Carson, CA, USA), mounted on glassslides and stained with
hematoxylin and eosin (H/E) and Masson Trichrome. Then,
based upon previous in vivostudies (8), all sections obtained
from those 17 teeth were submitted to evaluation by a
calibrated examiner blinded to the groups. Using a light
microscope (62774; Carl Zeiss, Oberkdchen, Germany) the
histopathologic events were assessed and classified in scores
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(0 to 3) for following items: inflammatory cell response,
tissue disorganization and reactionary dentin formation (8).

Statistical analysis. The overall median of A SGU
was calculated and compared with the non-parametric
Kruskall-Wallis test and Mann-Whitney U-test. The
absolute risk of TS among groups was evaluated by Fisher's
exact test. Regarding the pulp response, three established
histopathological events were evaluated (8) in such way that
3 scores per tooth were considered for statistical analysis.
The overall comparison of the groups was performed with
the non-parametric Kruskal-Wallis statistical analysis.
The comparisons between groups were performed using
the Mann-Whitney U-test. All tests were performed
with appropriately computed critical values (=0.05) in
the MedCalc software (MedCalc Version 11.3.8.0, 2010,
Mariakerke, Belgium).

Results

The age of the participantsincluded in this study varied
between 12 and 26 years old (mean 18.2 + 4.9). The means
and standard deviations of color measurement are shown
in Table 1. The A SGU of all bleaching techniques were

statistically similar (p>0.58) and different to the non-
bleached control group (p<0.003).

Astatistically higher absolute risk of TS was observed for
the groups bleached with CF, regardless of the application
mode (Table 1). The CC 1-45 group was statistically different
from the others experimental groups (p=0.04) and similar
to the control group (p=0.76).

The scores for every criterion determined by the
histological assessment of the specimens according to
groups are shown in Table 2. Overall, the histological
features showed that the pulp tissue observed in control
group was quite different from the experimental groups in
which the teeth were bleached (p=0.0003). Teeth from the
control group showed pulp tissue with normal histological
features, which were characterized by the presence of
continuous odontoblast layer as well as defined cell-free
zone and cell-rich zone. No inflammatory pulp reaction
or tissue disorganization was observed (Figs. 1A and 1B).

Four and five human incisors bleached with CF3-15and
CF 1-45, respectively, exhibited large zone of coagulation
necrosis in the coronary pulp tissue associated to deposition
of tertiary dentin (Figs. 2A-D). In one and two of those

Table 1. Means + standard deviations (SD) and medians and interquartile range of shade guide units and A shade guide unit (SGU) for the experimental
groups as well as the number of patients with tooth sensitivity (TS) for each group

Shade guide unit

A SGU (1) Tooth Sensitivity
Before After
Group Total ber of
Mean Median (15t/3 Mean Median (15t/37d Mean Median (15t/31d ot.a num tar °
+ SD interquartile ranges) +SD interquartile ranges) +SD interquartile ranges) patients/patients
- - - with TS (#)
Control 6.0 + 3.0 5 (5/9) 6.0 + 3.0 5 (5/9) 0.0 + 0.0 0 (5/9) A 2/0 a
CF3-15 6.0+2.0 5 (5/5) 3.5+ 1.7 3.5 (2/5) 2.5+ 1.7 3 (3/3)B 5/5Db
CF1-45 6.6 +2.2 5 (5/9) 3.8+ 1.6 5 (2/5) 2.8+ 1.6 3 (3/4)B 5/5b
CC1-45 7.44+22 9 (5/9) 44+ 1.3 5 (5/5) 3.0+ 1.7 4(3/4)B 5/1a

() Similar upper case letters indicate statistically similar groups for A SGU (Mann-Whitney test, p>0.05). (¥) Similar lower case letters indicate statistically

similar groups for TS (Fisher’s exact, test p>0.05).

Table 2 Number of specimens and median for each group in each criterion as well as multiple comparisons among the experimental conditions

Criteria
Grou Inflammatory cell response Tissue disorganization Tertiary dentin formation Overall
p ry P g Yy median (1)
0 1 2 3 Median 0 1 2 3 Median 0 1 2 3 Median
Control 2 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0B
CF 3-15 0 5 0 0 1 0 1 4 0 2 0 0 4 1 2 2A
CF 1-45 0 4 1 0 1 0 1 4 0 2 0 0 5 0 2 2 A
CC 1-45 0 5 0 0 1 0 2 3 0 2 0 2 3 0 2 2 A

() Kruskall-Wallis and Mann-Whitney test. Different letters mean significant differences (p<0.05).

244



Braz Dent J 26(3) 2015

five teeth bleached with CF 3-15 and CF 1-45 respectively, coronary pulp chamber was continuous to that deposited
the reparative dentin adjacent to the necrotic tissue and in the root pulp chamber (Figs. 2A-D). In nine of those
the reactionary dentin observed in the lateral walls of the ten teeth bleached with a gel CF, a mild inflammatory

Figure 1. Intact control. A: General view of the coronary pulp chamber (Pu). A thin layer of predentin is present between the continuous odontoblast
layer (arrows) and the tubular dentin (De). H/E, 64x. B: Detail of figure 1A. Note the tubular dentin (De), predentin (vertical arrow) underlined by a
continuous odontoblast layer, the cell-free zone (oblique arrows), cell-rich zone (horizontal arrows) and the central zone of the pulp tissue (Pu) with
normal histological characteristics. H/E, 250x.

Figure 2. CF 3-15. A: Note the large necrosis (Ne) in the coronary pulp chamber. H/E, 32x. B - Subjacent to the necrotic zone heterogeneous reparative
dentin is observed (arrows). H/E, 64x. C: Detail of figure 2B. Note the reparative dentin (vertical arrows) as well as the layer of reactionary dentin
deposited in the lateral walls of pulp chamber (horizontal arrows). H/E, 125x. D: Detail of figure 2C. The pulp tissue (Pu) exhibits discrete inflammatory
response mediated by mononuclear cells among a number of congested blood vessels (arrows). H/E, 250x. (De = dentin). As all histological features
were very similar among CF 3-15 and CF 1-45, Only figures related to CF 3-15 were published.
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response mediated by mononuclear cells among dilated
and congested blood vessels was observed (Figure 2A to D).

In four out of those 5 teeth bleached with CC 1-45,
the mild inflammatory pulp response was mediated by
mononuclear cells. In this CC 1-45 group, two teeth did
not present necrosis; however, a moderate deposition of
reactionary dentin which was underlined by discontinuous
odontoblast layer was observed around the coronary and
root pulp tissue and in the upper part of the pulpal horn
(Figs. 3A-D).

Discussion

Although the main goal of this study was to measure the
human pulpal responses to different bleaching techniques,
the bleaching efficacy and TS was also assessed to verify if
the bleaching agent was effective in producing a whitening
effect and the likely side effect of the protocols evaluated.

One randomized clinical trial compared the bleaching
efficacy (BE) and TS of a three 15-min application vs. a
single 15-min application of a 35% HP (3). This study
showed that a single 45-min application were effective in
terms of bleaching, however with a slightly lower bleaching

speed and a slightly higher TS (3). Although in the present
study no significant differences in terms of color change
and TS was detected for the two application modes, this
study was not planned for the analysis of clinical findings
but for the histopathological investigation of human dental
pulps. This topic is controversial and more research need to
be done to clarify this finding. However, the BE and TS in
the present study was only performed in one session and
this was different in comparison with previous study (3).

The histological response of the calcium-free bleaching
gel (CF) submitted to both application modes showed sites
of pulp necrosis and the presence of a mild inflammatory
response mediated by mononuclear cells and congested
blood vessels as already demonstrated in an earlier study
(8). It has been demonstrated HP and the products of
its degradation, such as hydroxyl (OH-) ions may act as
free radicals to cause oxidative stress in the pulp cells
(17). The increase of reactive oxygen specimen levels
cause deleterious effects to several cell components, like
mutagenesis, carcinogenesis, cell membrane damage by
peroxidation lipid, and protein fragmentation (18), which
may reduce cell proliferation and result in cell necrosis or

Figure 3. CC 1-45. A: General view of the coronary pulp tissue. Note the deposition of reactionary dentin mainly in the tip of pulp horn (arrows).
Masson’s Trichrome, 32x. B: Detail of figure 4A. Note the tubular reactionary dentin (RD) deposited by the odontoblasts (arrows). Masson’s Trichrome,
64x. C: Detail of Figure 4A. A thin layer of reactionary dentin is also observed in the lateral walls of the pulp chamber (arrows). Masson’s Trichrome,
125x. D: Root pulp tissue. Note the continuous odontoblast layer (horizontal arrows) underlying the tubular reactionary dentin (vertical arrows). The
central part of the root pulp tissue exhibits dense collagen fibers and fibroblasts parallel to blood vessels. Masson’s trichrome, 250x. (De = dentin).
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apoptosis (10, 19).

Contrary to our previous expectation, no significant
difference was observed between the two modes of HP
application and thus the histopatological signs of dental
pulps do not explain the slightly higher TS of the single
45-min application mode reported in earlier clinical trial
(3). Although the damage caused by pulp cells were similar
it is still unknown if the expression of inflammatory
mediators that leads to pain and symptoms of neurogenic
inflammation such as bradykinin (20) and the substance-P
(21) have different expressions under these two application
modes. Therefore, imunohistochemical studies should be
further conducted in order to investigate the expression of
inflammatory mediators in pulp tissues of teeth submitted
to different bleaching protocols.

When it comes to the comparison of the different
bleaching products, no statistical difference between the
CF and CC products were observed, which seems that the
HP concentration, which was the same in all experimental
groups, may play the most important role on the damage
caused to the human pulp tissue. However, it is worth
mentioning that the scores employed for categorization
of the histopatological events were not discriminative
enough to detect some subtle differences that could be
observed during the histopatological analysis what resulted
in statistically similar results. Some important differences
could be seen in the pulps of teeth bleached with CC
product. For instance, 60% of the teeth bleached with CC
1-45 exhibited signs of pulp necrosis, while 90% of the
teeth bleached with CFshowed pulp necrosis. The features
of these necrosis sites were also different. While in the
former only narrow and superficial areas of necrosis were
observed, larger areas of necrosis involving the whole pulp
horns were seen for the latter product. This might indicate
that some features of the CC gel might have prevented
more detrimental effects on the pulp tissue.

One important difference between the CC and CF
productsis that the former contains 2% calcium gluconate
that wasadded to the bleaching gel with the aim to prevent
enamel demineralization and manufacturer’s claims that
the addition of this product might have played a role on the
lower tooth sensitivity reported by the calcium-containing
products. Perhaps, the 2% of calcium gluconate dissolved
into the HP gel was able to decrease dentin permeability and
block enamel surface defects, similarly to what is believed
to occur clinically (15). This might reduce the rate of HP
penetration in the pulp tissue as well as provide more time
for the pulp cells to produce enough peroxidades, catalases
(22) and oxygenases (7) to protect the connective pulp
tissue from the immediate damage caused by HP.

Another important difference is that CC product keeps
the pH high and stable (pH = 8.0 - 9.0) throughout the
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bleaching procedure, which allows them to be used in a
single 45-minute application protocol. Most of the in-office
bleaching gels are delivered in low pH (2.4 to 6.5) (14) to
allow them to be stored for prolonged periods (23). The
CF gel has a pH of 6-7 immediately after mixing and may
reach a pH of 5 after 45 min in contact with the dental
structure (24).

The decomposition kinetics and the by-products
produced by HP depend on the pH of the media, which
may play a role on the prevalence and intensity of TS. In an
acidic solution, higher concentrations of hydroxyl anions
(OH-) are produced; however in an alkaline media there
is a higher concentration of perhydroxyl ions (HOO") (25).
These differences may explain the lower pulpal damage
caused by CC 1-45 and the lower TS rates reported in a
clinical trial for this product (13). This also may explain why
a single 45-min application of CF product led to higher TS
rates in earlier clinical trial (3).

From a clinical standpoint, the results of this study should
be interpreted with caution. Whether or not the pulp damage
caused by higher concentration of HP is reversible is yet to
be addressed. Besides that, to the extent of the author’s
knowledge, no clinical study has reported pulp death after
in-office bleaching and thus further studies evaluating pulp
vitality at long-term after in-office bleaching should be
conducted. In addition, future studies should be encouraged
in order to elucidate if calcium-containing products, as
employed in this study, but in lower HP concentrations
produce the same damage to the pulp tissue.

One limitation of this in vivo study is that the
participants were young. It is known that teeth from
young patients present wider dentinal tubules and thinner
dentin layer as none of little secondary dentin has been
deposited. Therefore, it is expected that higher amount
of HP or other reactive oxygen species may diffuse faster
through enamel and dentin to cause damage to the pulp
tissue. In this way, a recently paper published by Roderjan
et al. (9) showed that, regardless of the age of patients,
the application of a 35%-HP bleaching gel to mandibular
incisors causes pulp damage; however, superficial necrosis
was more prevalent in young teeth

Based on the results of this clinical study, it can be
concluded that the calcium-free (Whiteness HP Maxx)
35% HP gel applied on enamel surface of lower human
incisors cause intense pulp damage regardless of the mode
of application. Lower pulp damage was produced by the
calcium-containing (Whiteness HP Blue) 35% HP gel that
also caused less tooth sensitivity than that observed for
calcium-free 35% HP gel.
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Resumo

0 objetivo do estudo foi avaliar o efeito clareador e seus efeitos adversos
(sensibilidade e resposta pulpar) de dentes humanos submetidos a
diferentes técnicas e materiais para o clareamento em consultério
(CLCO), principalmente a presenca de calcio nos materiais para CLCO.
Um agente clareador a base de peroxido de hidrogénio (PH) a 35% sem
calcio (SC) e com calcio (CC) foram avaliados. O agente clareador SC foi
usado em duas técnicas de aplicacdo: o gel clareador foi reaplicado a
cada 15 minutos, trés vezes (SC 3-15) ou 1 x 45-min por aplicagdo (SC
1-45) em uma sessio clinica. O agente clareador CC foi usado apenas
em 1 x 45-min por aplicagdo (CC 1-45). Cada técnica foi aplicada em 5
incisivos inferiores indicados para extracdo de pacientes diferentes. No
grupo controle, o clareamento n3o foi realizado. O efeito clareador (EC) e
a sensibilidade dental (SD) foram registrados inicialmente e ap6s o CLCO.
Os dentes foram extraidos apds 2 dias da aplicacdo do CLCO e foram
submetidos ao andlise histoldgica. Os dados foram submetidos a analise
estatistica apropriada (a=0.05). As mudancas foram semelhantes entre os
grupos e significativamente diferentes do controle (p<0.05). Entretanto,
a SD nos grupos clareados com SC foi estatisticamente maior do que a
registrada nos grupos CC e do grupo controle (p<0.05). Nos grupos SC
3-15 e SC CF 1-45, o tecido pulpar da regido corondria exibia necrose
parcial associada a deposicdo de dentina terciaria. No grupo CC 1-45,
pequenas areas de necrose ocorreram somente em 3 dentes clareados,
nos quais deposicdo de dentina terciaria também foi observada. O gel
CC de HP a 35%HP gel poderia ser preferivel para a realizacdo de CLCO
devido ao fato de causar menos danos ao tecido pulpar.
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