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Administration of Ascorbic Acid to
Prevent Bleaching-induced Tooth
Sensitivity: A Randomized Triple-

blind Clinical Trial
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Clinical Relevance

The use of ascorbic acid during in-office bleaching does not reduce the incidence of

bleaching-induced tooth sensitivity.

SUMMARY

This study evaluated the effect of ascorbic acid,
500 mg every eight hours, on bleaching-induced
tooth sensitivity. A triple-blind, parallel design,
and placebo-controlled randomized clinical tri-

Eloisa Andrade de Paula, DDS, MS, PhD student, School of
Dentistry, State University of Ponta Grossa, Ponta Grossa,
PR, Brazil

Stella Kossatz, DDS, MS, PhD, associate professor, School of
Dentistry, State University of Ponta Grossa, Ponta Grossa,
PR, Brazil

Daniel Fernandes, PharmD, MS, PhD, adjunct professor,
School of Pharmacology, State University of Ponta Grossa,
Ponta Grossa, PR, Brazil

Alessandro Dourado Loguercio, DDS, MS, PhD, adjunct
professor, School of Dentistry, State University of Ponta
Grossa, Ponta Grossa, PR, Brazil

*Alessandra Reis, DDS, PhD, adjunct professor, School of

Dentistry, State University of Ponta Grossa, Ponta Grossa,
PR, Brazil

*Corresponding author: Departamento de Odontologia.
Universidade Estadual de Ponta Grossa. Rua Carlos
Cavalcanti, 4748, Bloco M, Uvaranas, Ponta Grossa, PR,
Brazil 84030-900; e-mail: reis_ale@hotmail.com

DOI: 10.2341/12-483-C

al was conducted on 39 adults. The pills (place-
bo or ascorbic acid) were administered three
times per day for 48 hours; the first dose was
given one hour prior to each bleaching session.
Two bleaching sessions with 35% hydrogen
peroxide gel were performed with a one-week
interval. Tooth sensitivity was recorded up to
48 hours after bleaching. The color evaluation
was performed before and 30 days after bleach-
ing. The absolute risk and intensity of tooth
sensitivity were evaluated by Fisher exact and
Mann-Whitney U-tests, respectively. Color
changes were evaluated by unpaired ¢-test
(¢=0.05). There were no significant differences
in the absolute risk and intensity of tooth
sensitivity and color change between the
groups. Both groups showed a similar risk of
tooth sensitivity (p>0.05). The perioperative
use of an antioxidant, such as ascorbic acid
(500 mg, three times daily) perorally, was not
able to prevent bleaching-induced tooth sensi-
tivity or reduce its intensity.

INTRODUCTION

The desire for whiter teeth has made tooth bleaching
one of the most sought-after cosmetic procedures in

$S900E 98] BIA |0-60-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



de Paula & Others: Assessing Bleaching-related Tooth Sensitivity Using Ascorbic Acid 129

dentistry.! Various agents can be used to whiten
teeth, such as hydrogen peroxide (HP), carbamide
peroxide, and sodium perborate. These materials can
penetrate the enamel and dentin structures, releas-
ing reactive oxygen radicals that oxidize chromo-
gens.? Available bleaching modalities include
dentist-supervised in-office bleaching, dentist-pre-
scribed home-applied bleaching, and over-the-coun-
ter consumer-available systems.3

The in-office procedure using 35% HP has a long
history of tooth sensitivity (TS) and gingival irrita-
tion.3-6 Prevalence levels of T'S have been reported to
vary from 55% to 90%.48 This sensitivity seems to
result from the easy passage of the HP through the
enamel and dentin to the pulp,® causing pulp
damage and inflammation.1?

This cell damage is probably the result of oxidative
stress produced by HP and its by-products on cells.
HP is a potential source for hydroxyl radicals, one of
the most dangerous radicals. It was reported that
HP and its by-products, superoxide anions and
hydroxyl radicals, are injurious to cells via oxidative
stress,!! and they were able to cause cytotoxicity,
apoptosis, and genotoxicity in mouse P388 cells.!2
Along with cell damage, cell-derived factors, such as
ATP13 and prostaglandins, are released, exciting and
sensitizing pulp nociceptors,'* leading to the trans-
mission of the pain stimuli.

In an attempt to reduce the damage produced by
HP on the pulp, some authors!?15.16 have investi-
gated the role of antioxidants. It was reported that
the use of a flavonoid, which is a naturally occurring
antioxidant (naringin), on dentin before HP applica-
tion reduced the H,0,-induced cytotoxicity, apopto-
sis, and genotoxicity'? under in vitro conditions. This
antioxidant was also shown to suppress the DNA
damage induced by HP. Other authors reported that
the application of 10% sodium ascorbate on dentin
discs, before the application of a carbamide peroxide
gel, reduced the cytotoxic effects of these products on
cells,’® and these effects were shown to be directly
related to the HP concentration and the period the
antioxidant was left on the tooth surface.'®

The results of the aforementioned studies indicate
that the presence of a natural product with antiox-
idant and anti-apoptotic properties on pulp could
reduce the damage produced by the in-office bleach-
ing products, and this could be clinically translated
to a reduction of the risk of TS and its intensity.
However, the only available method to deliver an
antioxidant to the pulp tissue is through either a
peroral route or intravenously. Therefore, this study

attempted to investigate if the perioperative use of
an antioxidant perorally during in-office bleaching
could reduce the oxidative stress produced by HP on
pulp cells, and thus, reduce the risk and intensity of
bleaching-induced TS. Three null hypotheses were
tested: 1) the perioperative use of ascorbic acid,
starting one hour before the in-office bleaching
session, will not reduce the absolute risk of TS; 2)
the use of this antioxidant drug will not reduce the
intensity of T'S; and 3) the use of this antioxidant will
not affect the degree of tooth whitening.

MATERIALS AND METHODS

This clinical investigation was approved (protocol
17836/2010) by the scientific review committee and
the committee for the protection of human subjects of
the State University of Ponta Grossa (Ponta Grossa,
PR, Brazil). The experimental design followed the
Consolidated Standards of Reporting Trials state-
ment.!” Thirty-nine volunteers from the city of
Guarapuava, PR, Brazil were selected for this study
in the clinic of the Brazilian Association of Dentistry
in Guarapuava from May 2011 to June 2012. Two
weeks before the bleaching procedures, all of the
volunteers received a dental prophylaxis with pum-
ice and water in a rubber cup and signed an
informed consent form.

Inclusion and Exclusion Criteria

Participants included in this randomized, triple-
blind, placebo-controlled with a parallel-group clin-
ical trial were at least 18 years old and had good
general and oral health. Participants were recruited
by means of radio and television advertisement. The
participants were required to have at least six
maxillary and mandibular anterior teeth that were
caries-free and without restorations on the labial
surfaces. Selected participants had central incisors
that were shade C2 or darker, as judged by
comparison with a value-oriented shade guide (Vita
Lumin, Vita Zahnfabrik, Bad Sédckingen, Germany).

Participants who had previously undergone tooth-
whitening procedures or had preexisting anterior
restorations or internal tooth discoloration (tetracy-
cline stains, fluorosis, pulpless teeth) were not
included in the study. Pregnant and lactating
women and participants taking any medicine were
not included in the study. Additionally, participants
with bruxism habits or any pathology that could
cause TS (eg, recession, dentin exposure) were
excluded. This was done to minimize confounding
experimental variables or side effects from bleach-
ing. Participants who reported a history or presented
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health problems in the stomach, heart, kidney, or
liver, or participants using any continuous drug with
anti-inflammatory and antioxidant action were also
excluded from the study.

Study Intervention

Participants were randomly divided into the placebo
(n=19 participants) and ascorbic acid groups (n=20
participants). The randomization process was per-
formed using computer-generated tables by a third
person (statistician), not involved in the research
protocol. Details of the allocated groups were
recorded on cards contained in sequentially num-
bered, opaque, sealed envelopes. Once the partici-
pant was eligible for the procedure and completed all
baseline assessments, the allocation assignment was
revealed when the research assistant opened this
envelope. Neither the participant nor the operator
(E.A.P.) knew the group allocation, being both
blinded to the protocol.

The participants from the placebo group received a
placebo pill (Talco pharma S M-200 Henrifarma, Séo
Paulo, SP, Brazil), and participants from the
experimental group received a 500 mg dose of
ascorbic acid (pill, vitamin C, Citroplex, Lab Neo
Quimica, Anapolis, GO, Brazil). All of the partici-
pants were watched to ensure that they took the
drugs or placebo one hour prior to treatment. The
other doses of placebo or ascorbic acid were admin-
istered every eight hours after the first dose over a
period of 48 hours. Participants were reminded by a
research assistant via telephone to take their doses
of ascorbic acid/placebo. This procedure was done to
increase adherence to the protocol.

The medicine was administered for 48 hours
because, although bleaching-induced tooth sensitiv-
ity complaints usually cease within the first 24
hours, some patients have reported pain up to 48
hours after treatment.'® We have selected the
minimal dosage of ascorbic acid available on the
Brazilian market. The medicine was administered
every eight hours because the concentration of
ascorbic acid is almost minimal eight hours after
ingestion.®

The gingival tissue of the teeth to be bleached was
isolated from the bleaching agent using a light-cured
resin dam (Top Dam, FGM, dJoinville, SC, Brazil).
The 35% HP gel (Whiteness HP Maxx, FGM) was
used in three 15-minute applications for both groups
following the manufacturer’s directions. The in-office
bleaching agent was refreshed every 15 minutes
during the 45-minute application period. Two
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bleaching sessions, with a one-week interval, were
performed on each patient (E.A.P.). All participants
were instructed to brush their teeth at least three
times a day using a fluoridated toothpaste (Sorriso
Fresh, Colgate-Palmolive, Sdao Paulo, SP, Brazil)
provided by the investigators.

Shade Evaluation

Shade evaluation was recorded before and 30 days
after the bleaching treatment using two methods:
subjective evaluation using a value-oriented shade
guide (Vita Lumin, Vita Zahnfabrik) and an objective
evaluation using the Easyshade spectrophotometer
(Vident, Brea, CA, USA).

For the subjective examination, the shade guide’s
16 tabs were arranged from highest (B1) to lowest
(C4) value, making the minimum qualifying shade
C2 as number 7 (seventh tab on the value-ordered
arrangement). Although this scale is not linear in
the truest sense, we treated the changes as repre-
senting a continuous and approximately linear
ranking for the purpose of analysis. The measure-
ment area for shade matching was the middle third
of the facial surface of the anterior central incisor.
This measurement was done at baseline and 30 days
after bleaching, allowing for the calculation of means
and standard deviations of delta shade guide units
(ASGU) of each group.

For calibration purposes, five participants whom
we did not include in the sample participated in the
training phase of this study. The two examiners
(A.R. and A.D.L.), blinded to the allocation assign-
ment, scheduled these participants for bleaching and
evaluated their teeth against the shade guide at
baseline and 30 days after the procedure. The two
examiners were required to have an agreement of at
least 85% (kappa statistic) before beginning the
study evaluation. During the study, if disagreements
arose, the examiners reached a consensus before
dismissing the patient.

For the objective evaluation, a preliminary im-
pression of the maxillary arch was made using dense
silicone Adsil (Vigodent, Rio de Janeiro, RdJ, Brazil).
The impression was extended to the upper canine
and served as a standard shade measurement guide
for the spectrophotometer. A window was created on
the labial surface of the molded silicone guide for the
central incisor to be evaluated. The window was
made using a metallic device with well-formed
borders, 3 mm in radius.® The measurement was
done on all 39 participants using the Vita Easyshade
spectrophotometer (Easyshade, Vident) before and

$S900E 93l} BIA |L0-60-GZ0Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



de Paula & Others: Assessing Bleaching-related Tooth Sensitivity Using Ascorbic Acid 131

30 days after the bleaching therapy by only one
operator (E.A.P.). The shade was determined using
the parameters of the Easyshade device where it
indicated the following values: L*, (a*), and (b*), in
which L* represents the value from 0 (black) to 100
(white) and a* and b* represent the shade, where a*
is the measurement along the red-green axis and b*
is the measurement along the yellow-blue axis. The
shade comparison before and after treatment was
given by the differences between the two shades
(AE), which is calculated using the formula20-22: AE
— [(AL*)Z + (Aa*)2 + (Ab*)Z]l/Z‘

Tooth Sensitivity Evaluation

The patients recorded their perception of TS during
the first and second bleaching sessions using two
pain scales. A five-point verbal rating scale [0 =
none, 1 = mild, 2 = moderate, 3 = considerable, and
4 = severe]®%8 and a visual analog scale?3-26 using a
10-cm horizontal line with words “no pain” at one
end and “worst pain” at the opposite end were
employed in this study. We asked subjects to record
whether they experienced TS during the treatment
and up to 48 hours after bleaching.

As two bleaching sessions were performed, the
worst scores/numerical values obtained in both
bleaching sessions were considered for statistical
purposes. The values were arranged into two
categories: absolute risk of TS, which was the
presence of TS at any assessment point, and
intensity of TS at each assessment point. These
values were computed only for the maxillary arch.

Statistical Analysis

For sample size calculation, the primary outcome
was the absolute risk of T'S. The absolute risk of T'S
was reported to be approximately 90%827-2° for the
bleaching product Whiteness HP Maxx (FGM). In
order to be able to detect an absolute difference of
40% between the placebo and the experimental
group, a minimum of 17 participants were required
with a power of 80% and alpha of 5%.

The data analysis followed the intention-to-treat
protocol and involved all participants who were
randomly assigned.!” The statistician was blinded
to the study groups. The primary outcome absolute
risk of TS was compared by using the Fisher exact
test (alpha=5%). The relative risk, as well as the
confidence interval for the effect size, was calculated.

The data sets of TS intensity were plotted on
histograms and inspected for normal distributions.
As the data did not appear to be normally distribut-

Rssessed forelgbilty n = 267)

Excluded (n = 228)
*Had incisors lighter than C2 (n = 199)
> | *Presence of restorations (n = 18)

* Other reasons (n = 11)
Randomized (n = 39)

Allocated to placebo (n = 19) Allocated to ascorbic acid (n = 20)
rReceived allocated intervention (n = 19) @Received allocated intervention (n = 20)
l Follow-Up l
Lost to follow-up (n = 0) Lost to follow-up (n = 0)
Discontinued intervention (severe tooth sensitivity) Discontinued intervention (severe tooth
(n=1) sensitivity) (n=1)
l Analysis l

Analyzed (n = 20)

Analyzed (n = 19) ‘

Figure 1. Flow diagram of the clinical trial, including detailed
information on the excluded participants.

ed, nonparametric statistical tests were used. For
each pain scale, a comparison of the two groups at
the three different assessment points was performed
using the Mann-Whitney U-test. Comparisons be-
tween times within each group were performed
using the Friedman tests. In all statistical tests,
the significance level was 5%.

Shade change, another secondary endpoint, was
used to assess the efficacy of the bleaching treatment
associated with perioperative use of ascorbic acid.
The data from ASGU and AE values of both groups
were compared by the Student #-test. In all statisti-
cal tests, the significance level was set at alpha of
5%.

RESULTS

A total of 267 participants were examined to select
39 participants for the study (Figure 1). The mean
ages (years) of the participants in this study were
similar between the groups (placebo: 25.3 = 6.7
years and ascorbic acid: 28.3 *= 9.7 years, t-test,
p=0.832). The baseline colors (SGU) were also
similar between the groups (placebo: 9.5 + 1.9 and
ascorbic acid: 9.9 = 1.8; t-test, p=0.552). Of the
participants from the placebo and ascorbic acid
groups, 53% and 35% were male, respectively.
Figure 1 depicts the participant flow diagram in
the different phases of the study design.

Tooth Sensitivity

The data from 39 participants were used in this
study, following the intention-to-treat analysis. One
patient from the ascorbic acid group received an
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Table 1: Comparison of the Number of Patients Who Experienced Tooth Sensitivity (TS) at Least Once During the Bleaching
Regimen in Both Groups Along With Absolute and Relative Risks™

Treatment Number of Participants With TS Absolute Risk (95% ClI) Relative Risk (95% CI)
Yes No

Placebo 16 3 84.2 (62.4-94.5) 1.05 (0.78-1.41)

Ascorbic acid 16 4 80 (58.4-91.9)

* Fisher test (p=1.0).

analgesic after the first bleaching session, and one
patient from the placebo group received an analgesic
after the second bleaching session due to severe TS.

With regard to the absolute risk of TS, no
significant difference was observed between groups
(Table 1; p=1.00). The relative risk, along with the
95% confidence interval, is also evidence that the use
of the experimental drug had no effect on the TS
reduction.

Most of the T'S complaints occurred within the first
24 hours, and only two participants experienced pain
after 24 hours. With regard to T'S intensity (Table 2),
the groups did not differ statistically under the two
pain scales used in this study (p>0.05).

Significant whitening was observed in both study
groups under the subjective and objective evaluation
methods (p<<0.001). A whitening of approximately
5.7 and 5.6 SGU were detected for placebo and
ascorbic acid groups, respectively (Table 3). A
variation of 8.0 and 7.0 in the AE was observed for
the placebo and ascorbic acid groups, respectively
(Table 3). The results of the subjective (visual shade
guide) and the objective evaluation (spectrophotom-
eter) matched the hypothesis of equality between the
groups after bleaching (p<0.6 for both methods).

DISCUSSION

HP is a reactive oxygen species (ROS) frequently
found within the cells as the result of a series of
intracellular reactions that occur specifically in the

mitochondria.?® Whether produced endogenously as
a consequence of normal cell functions or derived
from external sources, ROS pose a constant threat to
living cells because they can cause severe damage to
DNA, protein, and lipids. Cells contain a number of
antioxidant defenses to minimize fluctuations in
ROS, but when ROS generation and/or exposure
exceeds the antioxidant capacity of cells, a condition
termed oxidative stress occurs.3! This may be the
cause of pulp damage produced by in-office bleach-
ing.10

Although HP, by itself, is relatively nonreactive
toward DNA, most of the HP-mediated damage is
due to the production of the hydroxyl radical, a by-
product of the HP degradation. The hydroxyl radical
is an extremely reactive oxidant; it can react rapidly
with DNA and can cause over 100 different types of
DNA modification.?? Therefore, the increase in the
exogenous levels of these highly reactive free
radicals in contact with cells, as it occurs during
in-office bleaching with HP, may result in cell death
and reduction of cell proliferation.32-35

As mentioned in the Introduction, several studies
have proposed the use of antioxidant agents for
treatment and/or prevention of the oxidative stress
caused by HP from bleaching,'21516 and promising
findings have been reported. Among antioxidants
available for oral administration, ascorbic acid, also
known as vitamin C, is the most popular, and gram
doses are promoted for preventing and treating the
common cold, managing stress, and enhancing well-

Points Using Two Pain Scales*

Table 2: Comparison of Tooth Sensitivity Intensity Experienced by Patients From the Treatment Groups at Different Assessment

Time Assessment 0-47 0-10+

Placebo Ascorbic Acid Placebo Ascorbic Acid
Up to 1 hour 2 (0/2) aA 1 (0/2.75) aA 2.2 (0/3.2) aA 1.6 (0/3.3) aA
1 to 24 hours 2 (0/2) aA 1 (0/3) aA 1.6 (0/4.7) aA 2.2 (0/3.2) aA
24 to 48 hours 0 (0/0) aB 0 (0/0) aB 0 (0/0) aB 0 (0/0) aB

* Comparisons are valid only within the same pain scale. At each period, the two treatments were compared with the Mann-Whitney U-test and differences are
represented by different lowercase letters. For each treatment, the three periods were compared with the Friedman test (x=0.05,), and differences are represented by
different uppercase letters. + Medians (first/third quartile) values.
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Table 3: Means and Standard Deviations of the Change in Shade Guide Units (Vita Classical Shade Guide, [ASGU]) and AE
(Spectrophotometer) Between Baseline and 30 Days After Bleaching for the Two Treatment Groups*

Placebo Ascorbic Acid p-Value
Subjective evaluation ASGU 57 *18A 56 £ 29A 0.86
Objective evaluation AE 80*30A 70 =36 A 0.28

* Comparisons are only valid within rows. Means indicated by the same uppercase letters indicate statistically similar means (Student t-test, «=0.05).

being. Ascorbic acid is an electron donor, and
because of this, is a potent water-soluble antioxidant
in humans.?® In addition, ascorbic acid has been
studied for the treatment of several well-known
diseases such as hypertension®” and cancer,3® due to
its ability to minimize the harmful effect of free
radicals, reducing the oxidative stress on cells.

However, contrary to the current authors’ expec-
tations, the perioperative use of ascorbic acid did not
reduce the bleaching-induced TS, which led us not to
reject the first and second null hypotheses. Unfor-
tunately, results from in vitro studies cannot
necessarily be extrapolated to the clinical situation.
It is probable that the amount of antioxidant
delivered to cultured cells in the in vitro stud-
ies!2.15:16 was much higher than the level of
antioxidant reached in the extracellular fluid after
oral administration of 500 mg of ascorbic acid. By
using the peroral route of administration, several
factors such as the presence of the immune system,
lymphatic drainage, urinary excretion, and morpho-
logic characteristics of the dentin substrate may
modulate the amount of ascorbic acid that reaches
the plasma and extracellular fluid'® around pulp
cells.

Clinical pharmacokinetic studies have shown that
ascorbic acid concentrations in plasma and tissues
were tightly controlled under oral administration.3?
At doses lower than 100 mg/day, there is a steep
sigmoidal relationship between dose and concentra-
tions. At doses higher than 100 mg/day, plasma
concentrations reach a plateau between 70 and 80
umol/L. At doses greater than 400 mg/day, further
increases in plasma concentrations were minimal.3?
Thus, the administration of higher dosages of
ascorbic acid than the one given in this study would
not be expected to provide additional benefits.

On the other hand, when ascorbic acid is admin-
istered intravenously, the limiting absorptive mech-
anism is bypassed, and high plasma levels are
attained.’® For instance, following the administra-
tion of 1.25 g intravenously, a peak plasma level of
1000 pmol/L is reached, even though 100 pmol/L is
not exceeded by oral dosing.%? Therefore, one could

speculate that the intravenous administration of
ascorbic acid could be an option to increase the
concentration level of ascorbic acid within and
around pulp cells, although intravenous administra-
tion is not suitable for routine use in bleaching
procedures.

Another option would be the topical application of
ascorbic acid on the enamel surface, as a way to
allow fast delivery of the antioxidant to the pulp
tissue; however, it is probable that the ascorbic acid
would not penetrate the enamel substrate, by
diffusion alone, due to its organic composition and
high molecular weight (176.09 g/mol). This may be a
possibility by using dielectrophoresis to drive drugs
directly into site-specific intraoral targets. This
technology could transport drugs “directly” into teeth
using an alternating current electric field. When this
technology becomes clinically feasible, it may reduce
the oral systemic route of many drugs, overcoming
the disadvantages of peroral route administration,
and allowing fast delivery of drugs to the pulp
tissue.4!

With regard to the bleaching outcome, the results
of this study indicated that both groups demonstrat-
ed equivalent and significant tooth shade enhance-
ment when compared with the baseline (Table 3),
and thus the third null hypothesis was not rejected.
The comparison of shade change after in-office
bleaching with existing literature is difficult, due to
the different methods of measurement (shade guides
and spectrophotometers) and different units of
measurement (eg, CIELab system, shade guide
units) employed. However, studies that used 35%
HP and reported their results in shade guide units
usually observed an overall shade change of 5 to 8
shade guide units after two bleaching sessions,42-45
which is in agreement with the results of the present
investigation.

This study was designed to find a high effect size,
ie, a difference in 40% in the T'S among participants
from the experimental and placebo groups. Thus, we
can conclude that an effect as large as this was not
observed, but we cannot rule out the fact that
smaller effect sizes do exist. Conducting the same
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experimental design using higher sample sizes
should be encouraged to rule out this hypothesis.
Additionally, the sample selected is mainly composed
of young participants, which also limits the ability to
generalize for older adults.

CONCLUSIONS

Within the limitations of the current study, we
conclude that the use of ascorbic acid, 500 mg three
times daily, does not reduce the absolute risk and
intensity of T'S. However, this study was designed to
detect a high effect size, and thus we cannot entirely
rule out the benefits of ascorbic acid on TS.

Acknowledgements

The authors do not have any financial interest in the
companies whose materials are included in this article. This
study was not funded by any sponsoring company.

This study was performed by Eloisa de Paula as partial
fulfillment of his PhD degree at the State University of Ponta
Grossa (UEPG), Ponta Grossa, PR, Brazil. The authors would
like to thank FGM Dental Products for the generous donation
of the bleaching products employed in this study. This study
was partially supported by the National Council for Scientific
and Technological Development (CNPq) under grants 301937/
2009-5 and 301891/2010-9 as well as Araucaria Foundation.

Conflict of Interest

The authors of this manuscript certify that they have no
proprietary, financial, or other personal interest of any nature
or kind in any product, service, and/or company that is
presented in this article.

(Accepted 8 March 2013)

REFERENCES

1. Leonard RH Jr, Smith LR, Garland GE, Tiwana KK,
Zaidel LA, Pugh G Jr, & Lin NC (2007) Evaluation of side
effects and patients’ perceptions during tooth bleaching
Journal of Esthetic and Restorative Dentistry 19(6)
355-364.

2. Hattab FN, Qudeimat MA, & al-Rimawi HS (1999) Dental
discoloration: An overview Journal of Esthetic Dentistry
11(6) 291-310.

3. Perdigao J, Baratieri LN, & Arcari GM (2004) Contem-
porary trends and techniques in tooth whitening: A
review Practical Procedures & Aesthetic Dentistry 16(3)
185-192; quiz 194.

4. Kihn PW (2007) Vital tooth whitening Dental Clinics of
North America 51(2) 319-331, viii.

5. Marson FC, Sensi LG, Vieira LC, & Araujo E (2008)
Clinical evaluation of in-office dental bleaching treat-
ments with and without the use of light-activation sources
Operative Dentistry 33(1) 15-22.

6. Reis A, Dalanhol AP, Cunha TS, Kossatz S, & Loguercio
AD (2011) Assessment of tooth sensitivity using a
desensitizer before light-activated bleaching Operative
Dentistry 36(1) 12-17.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Operative Dentistry

. Haywood VB (2005) Treating sensitivity during tooth

whitening Compendium of Continuing Education in
Dentistry 269(Supplement 3) 11-20.

. Tay LY, Kose C, Loguercio AD, & Reis A (2009) Assessing

the effect of a desensitizing agent used before in-office
tooth bleaching Journal of the American Dental Associa-
tion 140(10) 1245-1251.

. Cooper JS, Bokmeyer TJ, & Bowles WH (1992) Penetra-

tion of the pulp chamber by carbamide peroxide bleaching
agents Journal of Endodontics 18(7) 315-317.

Costa CA, Riehl H, Kina JF, Sacono NT, & Hebling J
(2010) Human pulp responses to in-office tooth bleaching
Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology, and Endodontics 109(4) €59-64.

Kanno S, Ishikawa M, Takayanagi M, Takayanagi Y, &
Sasaki K (2000) Characterization of hydrogen peroxide-
induced apoptosis in mouse primary cultured hepatocytes
Biological and Pharmaceutical Bulletin 23(1) 37-42.

Kanno S, Shouji A, Asou K, & Ishikawa M (2003) Effects
of naringin on hydrogen peroxide-induced cytotoxicity
and apoptosis in P388 cells Journal of Pharmacological
Sciences 92(2) 166-170.

Cook SP, & McCleskey EW (2002) Cell damage excites
nociceptors through release of cytosolic ATP Pain 95(1-2)
41-47.

Huynh MP, & Yagiela JA (2003) Current concepts in
acute pain management Journal of the California Dental
Association 31(5) 419-427.

Lima AF, Lessa FC, Mancini MN, Hebling J, Costa CA, &
Marchi GM (2010) Transdentinal protective role of
sodium ascorbate against the cytopathic effects of H,O,
released from bleaching agents Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology, and Endodon-
tics 109(4) e70-76.

Freire A, Souza EM, de Menezes Caldas DB, Rosa EA,
Bordin CF, de Carvalho RM, & Vieira S (2009) Reaction
kinetics of sodium ascorbate and dental bleaching gel
Journal of Dentistry 37(12) 932-936.

Schulz KF, Altman DG, & Moher D (2010) CONSORT
2010 Statement: Updated guidelines for reporting paral-
lel group randomised trials BMC Medicine 8 18.

Kossatz S, Dalanhol AP, Cunha T, Loguercio A, & Reis A
(2011) Effect of light activation on tooth sensitivity after
in-office bleaching Operative Dentistry 36(3) 251-257.

Padayatty SJ, Sun H, Wang Y, Riordan HD, Hewitt SM,
Katz A, Wesley RA, & Levine M (2004) Vitamin C
pharmacokinetics: Implications for oral and intravenous
use Annals of Internal Medicine 140(7) 533-537.

Gallagher A, Maggio B, Bowman J, Borden L, Mason S, &
Felix H (2002) Clinical study to compare two in-office
(chairside) whitening systems Journal of Clinical Den-
tistry 13(6) 219-224.

Al Shethri S, Matis BA, Cochran MA, Zekonis R, &
Stropes M (2003) A clinical evaluation of two in-office
bleaching products Operative Dentistry 28(5) 488-495.

Zekonis R, Matis BA, Cochran MA, Al Shetri SE, Eckert
Gd, & Carlson TdJ (2003) Clinical evaluation of in-office

$S900E 93l} BIA |L0-60-GZ0Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



de Paula & Others: Assessing Bleaching-related Tooth Sensitivity Using Ascorbic Acid 135

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

and at-home bleaching treatments Operative Dentistry
28(2) 114-121.

Jensen MP, Karoly P, & Braver S (1986) The measure-
ment of clinical pain intensity: A comparison of six
methods Pain 27(1) 117-126.

Caraceni A, Cherny N, Fainsinger R, Kaasa S, Poulain P,
Radbruch L, & De Conno F (2002) Pain measurement
tools and methods in clinical research in palliative care:
Recommendations of an Expert Working Group of the
European Association of Palliative Care Journal of Pain
and Symptom Management 23(3) 239-255.

Noble B, Clark D, Meldrum M, ten Have H, Seymour J,
Winslow M, & Paz S (2005) The measurement of pain,
1945-2000 Journal of Pain and Symptom Management
29(1) 14-21.

Charakorn P, Cabanilla LL, Wagner WC, Foong WC,
Shaheen J, Pregitzer R, & Schneider D (2009) The effect
of preoperative ibuprofen on tooth sensitivity caused by
in-office bleaching Operative Dentistry 34(2) 131-135.

Kugel G, Ferreira S, Sharma S, Barker ML, & Gerlach
RW (2009) Clinical trial assessing light enhancement of
in-office tooth whitening Journal of Esthetic and Restor-
ative Dentistry 21(5) 336-347.

Tang B, & Millar BJ (2010) Effect of chewing gum on
tooth sensitivity following whitening British Dental
Journal 208(12) 571-577.

Reis A, Tay LY, Herrera DR, Kossatz S, & Loguercio AD
(2011) Clinical effects of prolonged application time of an
in-office bleaching gel Operative Dentistry 36(6) 590-596.

Shackelford RE, Kaufmann WK, & Paules RS (2000)
Oxidative stress and cell cycle checkpoint function Free
Radical Biology & Medicine 28(9) 1387-1404.

Martindale JL, & Holbrook NJ (2002) Cellular response
to oxidative stress: Signaling for suicide and survival
Journal of Cellular Physiology 192(1) 1-15.

Halliwell B, & Cross CE (1994) Oxygen-derived species:
Their relation to human disease and environmental stress
Environmental Health Perspectives 102(Supplement 10)
5-12.

de Lima AF, Lessa FC, Gasparoto Mancini MN, Hebling
J, de Souza Costa CA, & Marchi GM (2009) Cytotoxic
effects of different concentrations of a carbamide peroxide
bleaching gel on odontoblast-like cells MDPC-23 Journal
of Biomedical Materials Research. Part B, Applied
Biomaterials 90(2) 907-912.

Hanks CT, Fat JC, Wataha JC, & Corcoran JF (1993)
Cytotoxicity and dentin permeability of carbamide perox-
ide and hydrogen peroxide vital bleaching materials, in
vitro Journal of Dental Research 72(5) 931-938.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Trindade FZ, Ribeiro AP, Sacono NT, Oliveira CF, Lessa
FC, Hebling J, & Costa CA (2009) Trans-enamel and
trans-dentinal cytotoxic effects of a 35% H,0, bleaching
gel on cultured odontoblast cell lines after consecutive
applications International Endodontic Journal 42(6)
516-524.

Padayatty SJ, Katz A, Wang Y, Eck P, Kwon O, Lee JH,
Chen S, Corpe C, Dutta A, Dutta SK, & Levine M (2003)
Vitamin C as an antioxidant: Evaluation of its role in
disease prevention Journal of the American College of
Nutrition 22(1) 18-35.

Rodrigo R, Prat H, Passalacqua W, Araya J, & Bachler JP
(2008) Decrease in oxidative stress through supplemen-
tation of vitamins C and E is associated with a reduction
in blood pressure in patients with essential hypertension
Clinical Science (London) 114(10) 625-634.

Monti DA, Mitchell E, Bazzan Ad, Littman S, Zabrecky G,
Yeo CJ, Pillai MV, Newberg AB, Deshmukh S, & Levine
M (2012) Phase I evaluation of intravenous ascorbic acid
in combination with gemcitabine and erlotinib in patients
with metastatic pancreatic cancer PLoS One 7(1) e29794.

Levine M, Padayatty SJ, & Espey MG (2011) Vitamin C:
A concentration-function approach yields pharmacology
and therapeutic discoveries Advances in Nutrition (Be-
thesda, Md) 2(2) 78-88.

Graumlich JF, Ludden TM, Conry-Cantilena C, Cantile-
na LR Jr, Wang Y, & Levine M (1997) Pharmacokinetic
model of ascorbic acid in healthy male volunteers during
depletion and repletion Pharmaceutical Research 14(9)
1133-1139.

Ivanoff CS, Hottel TL, & Garcia-Godoy F (2012) Dielec-
trophoresis: A model to transport drugs directly into teeth
Electrophoresis 33(8) 1311-1321.

Meireles SS, Heckmann SS, Leida FL, dos Santos Ida S,
Della Bona A, & Demarco FF (2008) Efficacy and safety of
10% and 16% carbamide peroxide tooth-whitening gels: A
randomized clinical trial Operative Dentistry 33(6)
606-612.

Matis BA, Cochran MA, Wang G, & Eckert GJ (2009) A
clinical evaluation of two in-office bleaching regimens
with and without tray bleaching Operative Dentistry
34(2) 142-149.

Ontiveros JC, & Paravina RD (2009) Color change of vital
teeth exposed to bleaching performed with and without
supplementary light Journal of Dentistry 37(11) 840-847.

Tay LY, Kose C, Herrera DR, Reis A, & Loguercio AD
(2012) Long-term efficacy of in-office and at-home
bleaching: A 2-year double-blind randomized clinical trial
American Journal of Dentistry 25(4) 199-204.

$S900E 93l} BIA |L0-60-GZ0Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



