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Maria Palé • Juan R. Mayoral •

Jaume Llopis • Marta Vallès •

Joan Basilio • Miguel Roig

Received: 15 December 2012 / Accepted: 16 July 2013 / Published online: 11 August 2013

� The Society of The Nippon Dental University 2013

Abstract The aims of the study were to evaluate by

spectrophotometer the in vivo colour changes resulting

from the application of an in-office tooth bleaching system

containing 28 % H2O2 by light-emitting diode (LED)

activation and to determine whether the application of 5 %

potassium nitrate 30 min before bleaching decreased tooth

sensitivity. Thirty-two individuals were assigned randomly

to two groups (n = 16). Group A received 5 % potassium

nitrate as a desensitizing agent 30 min before bleaching

with 28 % hydrogen peroxide activated by LED. Group B

received glycerin as a placebo and the same bleaching

protocol was applied. The colour of the right central incisor

of each patient was measured visually and by spectropho-

tometer before bleaching, immediately thereafter, 15 days

and 3 months later. Differences in L* a* b* values were

tested with a repeated measures analysis of variance

(ANOVA). Differences in DE values were tested with

ANOVA statistical analysis at a 0.05 level of significance.

Significant (p \ 0.05) differences were detected in L*, as

well as in b* values, between initial (I) and post bleaching

(PB) and between initial (I) and 3 months post-op. In

contrast, there was no significant difference between PB

and 3 months post-op. The a* values showed no statisti-

cally significant differences among the different time

points. Tooth sensitivity decreased significantly when

potassium nitrate was applied. In-office bleaching system

gave quantitatively stable results over a 3-month period.

Tooth sensitivity was reduced significantly, when a

desensitizing agent was applied 30 min before treatment,

but the efficacy of bleaching decreased.
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Introduction

In recent decades, dentistry has undergone many changes,

especially in the area of aesthetics. Influenced by the

media, which places a great emphasis on health and beauty,

patients commonly desire white teeth [1], because whiter

teeth are perceived to be associated with health and beauty

[2, 3]. As compared with the use of resin-bonded com-

posites, porcelain veneers, and crowns [4, 5], bleaching is

the best conservative treatment for lightening teeth to

improve the appearance of the smile [1].

Popular demand for tooth whitening has existed for

more than 125 years. There are three major approaches to

the bleaching of vital teeth: in-office bleaching, clinician-

supervised ‘‘night guard’’ bleaching (administrated by the

clinician for home use by the patient), and commercial

bleaching products (applied by the patient) [6]. In-office

bleaching procedures predominated until 1989, when the

first at-home ‘‘night guard’’ bleaching system was intro-

duced by Haywood and Heymann [1, 7, 8].

‘‘Power bleaching’’ is an in-office whitening technique

that was developed to bleach teeth during a single dental

visit using a combination of a whitening agent such as
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hydrogen peroxide and an auxiliary activator such as light.

All of the smile-line teeth are whitened simultaneously.

This system includes rapid lightening, use of peroxide gels

of lower concentration for shorter periods, a protection of

the gingiva with a barrier material is used, and the degree

of bleaching is controlled by the dentist [7, 9].

The latest bleaching agents that are intended for pro-

fessional application are based on 35–50 % hydrogen

peroxide with photosensitive components that initiate and

catalyse the reaction upon exposure to a light source.

Different light sources are used and include blue-coloured

halogen curing lamps, light-emitting diodes (LEDs),

infrared CO2 lasers, blue-coloured plasma arc lamps, blue

argon lasers, and 980-nm gallium-aluminium-arsenium

(GaAlAs) lasers [10]. LEDs are a cost-effective alternative

to lasers, because they require less energy to generate light.

The efficiency of LEDs is also higher than that of halogen

light-curing units, and they produce less heat [10].

Evaluation of the efficacy and safety of tooth whitening

systems has received considerable attention. Concern has

been expressed about limitations to efficacy, such as the

colour rebound time and the intensity of the stain to be

removed, and about issues of safety, including an increase

in tooth sensitivity, soft-tissue irritation, and systemic

effects of the bleaching agent [7]. Increased tooth sensi-

tivity is usually reversible, and resolves itself over time or

with the help of a desensitizing agent (DSA) [5]. Two

DSAs that are used widely to treat tooth sensitivity during

‘‘night guard’’ vital bleaching are neutral fluoride and

3–5 % potassium nitrate. Fluoride is used to occlude the

tubules. Potassium nitrate works primarily by compromis-

ing the ability of nerves to transmit pain [5, 11, 12]. The

use of more stable and less caustic hydrogen peroxide

bleaching materials or 10 % carbamide peroxide that

contains fluoride and potassium nitrate might help to meet

the demands of patients to achieve whiter teeth more

quickly, with more predictable results and reduced risk of

tooth sensitivity [4]. However, little previous research has

investigated the effectiveness of bleaching and the reduc-

tion of sensitivity that is associated with the use of DSAs.

Methods to measure tooth discolouration and the degree

of bleaching range from subjective methods of comparison

to objective instrumental techniques [13]. The visual

determination of colour by comparing a patient’s tooth

with a colour standard (i.e. a commercially available shade

guide) is the method that is applied most frequently in

clinical dentistry. However, the determination of tooth

colour by visual means is considered to be highly sub-

jective [14]. A number of different methods enable the

objective evaluation of discolouration and the colour

change that occurs during tooth whitening procedures;

these include spectrophotometry, colorimetric, and com-

puter analysis of digital images. The use of quantitative

light-induced fluorescence (QLF) in vitro has also been

described in the literature. Spectrophotometers are highly

precise, and are relatively simple and easy to use. They

measure the reflectance or transmittance of an object a

single wavelength at a time and are based on the CIE

L*a*b* colour space (CIELAB) system, which was defined

by the International Commission on Illumination in 1967.

L* represents the value (lightness or darkness), a* is the

measurement along the red–green axis, and b* is the

measurement along the yellow–blue axis. A positive a*

value indicates red, whereas a negative a* value indicates

green; a positive b* value indicates yellow and a negative

b* value indicates blue [13].

The aims of the in vivo study were to test and evaluate

quantitatively whether an in-office tooth bleaching system

that used 28 % H2O2 activated by LED, gave results that

were stable at 3-month follow-up examination, and whe-

ther the use of 5 % potassium nitrate 30 min before

bleaching decreased tooth sensitivity during the first 24 h

post-treatment, when compared with a placebo.

Materials and methods

A total of 32 individuals participated in the study. The

participants were recruited from among patients who

received care at the dental clinic of the International Uni-

versity of Catalonia. The Ethics Committee of the Inter-

national University of Catalonia, Barcelona, reviewed and

approved the research protocol and the informed consent

form. All subjects underwent a dental screen and dental

prophylaxis before the bleaching procedure. Informed

consent was obtained before the study began. We assigned

all the participants randomly to two groups:

• Group A (n = 16): received 5 % potassium nitrate

(Flashwhite, Corpora�, Barcelona, Spain) as a DSA and

underwent in-office bleaching using 28 % hydrogen

peroxide (Flashwhite, Corpora�, Barcelona, Spain).

• Group B (n = 16): received glycerin as a placebo and

underwent in-office bleaching with 28 % hydrogen

peroxide (Flashwhite, Corpora�, Barcelona, Spain).

Inclusion and exclusion criteria

Table 1 lists the inclusion and exclusion criteria used in the

study. Table 2 describes the characteristics of the materials

used in the study.

Study design

After the prophylaxis procedure, we took alginate

impressions of the maxillary and mandibular arches for
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each subject. The impressions were poured in dental stone

and trimmed, and the resultant cast was prepared for a

custom stent. The trays were manufactured from a soft tray

material in a heat/vacuum tray-forming machine and were

trimmed to fit each model perfectly before they were given

to the participants.

Subsequently, before the bleaching procedure, we applied

a uniform layer of 5 % potassium nitrate or glycerin

(depending on the group assignment) in both trays and placed

them for a total time of 30 min into the subject’s mouth.

Once the DSA had been rinsed away with abundant

water, we started the bleaching procedure. Vaseline was

applied to the patient’s lips and around the corners of their

mouth. Cheek retractors were positioned to retract the skin

and lips from the treatment area. The area was isolated with

gauzes placed on either side of the buccal vestibules in both

arches. To ensure protection of the maxillary and man-

dibular gingiva, and exposed dentin and cementum, a light-

curable resin dam was applied over the entire gingival area

and photopolymerized in accordance with the manufac-

turer’s instructions. The patient and the clinician wore

protective eyewear throughout the procedure. The whit-

ening gel (28 % hydrogen peroxide; Flashwhite, Corpora�,

Barcelona, Spain) was applied to the tooth surfaces of both

arches, including the second premolars. A 460-nm wave-

length powerLED illuminator unit Flashwhite, Corpora�,

Barcelona, Spain) was positioned to illuminate the maxil-

lary and mandibular teeth simultaneously for a 15-minute

period. Upon completion of the period the gel was removed

from the teeth surfaces with suction. The entire procedure

was performed three times, for a total of 45 min. Once the

procedure was finished, the bleaching material was

removed with high-speed suction and the mouth rinsed

with water. The resin dam was also removed. Finally, the

patients were asked to brush their teeth at least twice a day

with a non-whitening toothpaste.

Evaluation of shade

A baseline shade was established before bleaching, as

described below. Immediately after bleaching, a second

measurement was obtained. The definitive shade was

assessed 2 weeks and 3 months after the cessation of

bleaching to evaluate the rebound in colour. The shade of

the teeth was always evaluated at the right central incisor,

using two methods:

(1) A photograph was taken of the teeth and a Vitapan

Classical Shade Guide (Vita Zahnfabrik, Bad Sack-

ingen, Germany) positioned next to the teeth (Fig. 1)

(2) The colour of the middle third of the teeth was

determined with an MHT Optic Research AG Spec-

troShade spectrophotometer (Zurich, Switzerland)

(Fig. 2).

All recordings were taken in the same light

environment.

With the second method, the colour of the teeth (before,

immediately after, 15 days and 3 months after bleaching)

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Good oral health Untreated tooth sensitivity

Motivated patients Presence of severe internal discolouration (tetracycline stains, fluorosis, non-vital front teeth)

Good oral hygiene Pregnant or breast-feeding women

Without systemic diseases Orthodontic treatment

Teeth shade A2 or darker Presence of crowns, caries or restorations on the labial surfaces in any teeth to be bleached

18 years or older Smoker

Intact natural maxillary anterior teeth Untreated periodontal disease

Systemic disease

Known allergy to any of the ingredients in the bleaching lacquer used

Current or previous use of some bleaching agents

Table 2 Materials used in this study

Material Brand name Composition Manufacturer

5 % Potassium nitrate

(lot no. 074649)

Flashwhite 5 % Potassium nitrate, 1,200 ppm fluoride Corpora� (Barcelona, Spain)

28 % Hydrogen peroxide

(lot no. 2009001098)

Flashwhite Hydrogen peroxide 28 %, potassium nitrate,

sodium fluoride sodium hydroxide, glycolic

derivatives, thickening and colouring agents

Corpora� (Barcelona, Spain)
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was determined on the basis of the CIELAB system. The

total difference in colour, or distance between two colours

(DE), was calculated using the formula below: [8].

DE ¼ DL�ð Þ2þ Da�ð Þ2þ Db�ð Þ2
h i

We calculated DE1 (difference in colour between post-

bleaching and initial values), DE2 (difference in colour

between 15 days after post-bleaching and initial values),

and DE3 (difference in colour between 3 months after

post-bleaching and initial values).

These measurements were performed using a reflectance

spectrophotometer (SpectroShade, Handy 147 Dental

Type, MHT, Arbizzano, Italy) using the CIE L*a*b* sys-

tem. The SpectroShade consisted of a D65 light source

(6,500 K). This light was split so that the specimen could

be illuminated simultaneously from a 45� angle using an

intraoral camera. Before each measurement session, the

spectrophotometer was calibrated according to manufac-

turer recommendations using the supplied calibration

standards [15].

Evaluation of tooth sensitivity

The Husskison Lancet Visual Analog Scale (VAS) was

used to evaluate the level of tooth sensitivity. Each patient

was asked to report his or her degree of sensitivity, expe-

rienced before and at 24 h post bleaching (PB). The

patients graded their maximum level of sensitivity during

each period on a scale from 0 to 100 mm (0 = no sensi-

tivity, 100 = unbearable sensitivity) [16].

Statistical analysis

As the data was normally distributed (as determined by the

Kolmogorov–Smirnov test), the values were submitted to

parametric statistical tests. Differences in L*a*b* values

between initial/post-bleaching and post-bleaching/

3 months were tested with a repeated measures ANOVA.

Differences in DE values between initial and post-bleach-

ing (DE1), between 15 days post-op and initial (DE2), and

between 3 months post-op and inicial (DE3) were tested

with a factorial ANOVA. All tests were carried out at a

95 % level of significance.

Results

Evaluation by spectrophotometry

Figure 3 shows the values of DE1, DE2, and DE3. The

bleaching treatment produced an increase in L* values and

a decrease in a* and b* values in both groups, but the

changes were of varying amplitude. The results were

similar either in group A (5 % potassium nitrate) or group

B (placebo). The L* value reached a maximum immedi-

ately after bleaching and the a* value a minimum 15 days

PB; then the two values remained constant during the

3-month post-operative period (Figs. 4 and 5). In contrast,

the b* values decreased after the bleaching regimen and

had rebounded slightly 3 months postoperatively (Fig. 6).

Overall, the bleaching treatment produced a change in

Fig. 1 a and b The central incisors before and after bleaching

Fig. 2 Representative image of the CIE L*a*b* spectrophotometric

measurements of the central incisor before, immediately after,

15 days and 3 months after bleaching

Fig. 3 Global colour changes (DE) between group A (5 % potassium

nitrate) and group B (placebo) in DE1 (differences in colour between

post-bleaching and initial values), DE2 (differences in colour between

15 days post-bleaching and initial values), and DE3 (differences in

colour between 3 months post-bleaching and initial values). Asterisk

(*) indicates significant differences (p \ 0.05)
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tooth chroma immediately after the bleaching regimen, as

well as at 3 months postoperatively.

With respect to the L* and b* values, significant dif-

ferences were observed between the initial values and those

obtained immediately PB, as well as between the initial

values and those obtained 15 days PB or 3 months PB. In

contrast, there was no significant difference between the

values obtained PB and those obtained 15 days PB or

3 months PB. The a* values showed no statistically sig-

nificant differences among the different time points. With

respect to DE, no differences were observed between DE1,

DE2, and DE3. However, there were statistically signifi-

cant differences between groups, as the placebo group

experimented a higher DE than the group with 5 %

potassium nitrate (p \ 0.05).

Dental sensitivity

When the two groups were compared, the group given 5 %

potassium nitrate showed a statistically significant lower

mean VAS score during the first 24 h PB than the placebo

group (p = 0.0037) (Fig. 7).

In both groups, the mean VAS score for the first

24 h PB was significantly higher than that obtained before

bleaching and for the 15 days PB (Fig. 7).

Discussion

Bleaching agents lighten discoloured teeth structures,

because they can diffuse through the organic matrix of the

Fig. 4 Comparison of the L* values (lightness or darkness) at

different times of the study (initial, post-bleaching, 15 days post-

bleaching and 3 months post-bleaching) between groups A (5 %

potassium nitrate) and B (placebo). Asterisk (*) indicates significant

differences (p \ 0.05)

Fig. 5 Comparison of a* values (measurement along the red–green

axis) at different times of the study (initial, post-bleaching, 15 days

post-bleaching and 3 months post-bleaching) between groups A (5 %

potassium nitrate) and B (placebo)

Fig. 6 Comparison of the b* values (measurement along the yellow–

blue axis) at different times of the study (initial, post-bleaching,

15 days post-bleaching and 3 months post-bleaching) between groups

A (5 % potassium nitrate) and B (placebo). Asterisk (*) indicates

significant differences (p \ 0.05)

Fig. 7 Comparison of the mean VAS scores (mm) level of dental

sensitivity between groups A (5 % potassium nitrate) and B (placebo)

at the different times of the study (initial, 24 h post-bleaching and

15 days post-bleaching). Asterisk (*) indicates significant differences

(p = 0.0037)
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enamel and dentin [9]. The exact mechanism of action of

hydrogen peroxide during bleaching is not understood

completely, but it is decomposed into free radicals. The

free radicals break down large pigmented molecules that

reflect a specific wavelength of light through oxidation and

reduction and thus break down the stain in enamel into

smaller less pigmented molecules [17].

The power bleaching method has been refined to

accelerate the bleaching process, and as a result has grown

in popularity [18]. The major advantage of this method, in

addition to the shorter duration of treatment, increased

patient comfort, and immediate results [10], is that the light

source heats the hydrogen peroxide. This increases the rate

of decomposition of oxygen to form oxygen free radicals

and enhances the release of the staining molecules. Most

bleaching agents that have been developed for use with

light sources are combined with an activator or colourant

(for example carotene, manganese sulphate or transition

metals) to improve light absorption or to reduce heating of

the teeth [17, 19].

Some studies have concluded that teeth were lightened

to nearly the same degree when bleaching gel alone was

used as when light was also applied [20, 21]. However,

other studies reported that the application of light improved

the whitening efficacy of bleaching materials significantly

[7–9], even though the effects depended on the mode of

activation and were not perceptible or measurable in all

cases under examination. From these studies, only that of

Tavares et al. [7] was performed in vivo, and this dem-

onstrated that light can increase the effects of peroxide

tooth whitening.

In traditional clinical practice, the shade of teeth has

been evaluated visually for many years. However, general

variables such as external light conditions, experience, age,

and human eye fatigue, as well as physiological variables

such as colour blindness, lead to inconsistencies. In addi-

tion, standardized verbal communication of colour char-

acteristics that are assessed visually is limited. Despite

these limitations, the human eye is very efficient at

detecting even small differences in colour between two

objects [14].

Spectrophotometers, which are extremely precise

instruments and are relatively simple and easy to use,

measure the light wavelengths that are reflected from an

object at many points along the visual spectrum, and thus

provide spectral colour data. Tooth colour can be expressed

easily according to commonly used shade guides and to

CIELAB colour parameters. Paul et al. [14] demonstrated

that the accuracy of image capture was not sensitive to

discrepancies in angulations of up to ± 12� or in place-

ment in the horizontal and vertical planes of up

to ± 5 mm. The spectrophotometer generates a highly

accurate spectral curve that indicates the exact tooth colour

before and after bleaching. The measurements can also be

cross-referenced to existing shade tabs. The SpectroShade

spectrophotometer (MHT) has been used in several dental

research studies, including studies that involved the

detection of colour differences and evaluation of bleaching

effects. The use of the split-screen option and the ability to

synchronize images obtained before and after bleaching

enable a very accurate assessment of the change in tooth

colour, which can be quantified and the DE differences

assessed [22]. Given that the DE value describes the global

colour change and includes the three dimensions of the

CIELAB system, it was chosen to evaluate the colour

stability of the bleaching technique used in the present

study.

The results showed that the DE values before PB (3.9

for group A and 4.78 for group B), before 15 days PB (3.75

for group A and 4.87 for group B), and before 3 months PB

(3.30 for group A and 4.55 for group B) were well above

the limit of human perception, which is reported to be 3.3

[23]. The colour stability after 3 months showed no sta-

tistically significant differences (p [ 0.05) in relation to

colour immediately PB, although it showed a tendency to

rebound in both groups. The same tendency was observed

by Marson et al. [24], in a study in which they evaluated

the alteration of colour, colour stability, dental sensitivity,

and gingival irritation clinically in patients who underwent

dental bleaching using various methods of bleaching and

light-activation sources. The authors concluded that there

were no differences in colour stability among the groups

until the sixth month of evaluation. Rosenstiel et al. [25]

monitored, in vitro, the modification of colour and the

stability of the modification after one session of in-office

bleaching with 35 % hydrogen peroxide activated with

light for 30 min. The results of the study showed that the

colour rebounded 7 days after treatment, and thus this

finding differed from those of the present study. In the

present study, the obtained pre-treatment values L*

(lightness) and b* (yellow/blue) were shown to be affected

consistently by the bleaching procedures, but no significant

differences were found in relation to the a* (red/green)

values among the different time points. Our results are

similar to those obtained by Joiner et al. [18] and Luk et al.

[26], who also observed changes in L* and b* values and

no significant differences with respect to a*.

Deliperi et al. [4] have agreed that 2–3 weeks is an ideal

amount of time after which to re-evaluate shade. By that

time, the remanent oxygen, the product of the reaction of

the bleaching gel, has been released completely and should

not interfere with the optical properties of the tooth struc-

ture. However, Mokhlis et al. [27] recommended re-eval-

uation 4 weeks after the cessation of bleaching. To

evaluate the stability of the colour, we re-evaluated tooth

shade after 15 days and after 3 months PB.
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In addition, tooth sensitivity was evaluated post-treatment

by applying a VAS, as cited by Huskisson in 1976 [28]. This

is a simple way to evaluate and quantify the sensitivity of a

tooth. Given that it uses a continuous scale, all the inter-

mediate values can be evaluated. Revill et al. demonstrated

that reproducible values can be obtained and that a true

opinion of the patient can be registered. However, among

other authors, Charakorn et al. [16] stated that the use of this

scale is controversial, because it is considered to be a highly

subjective measurement technique. Nevertheless, the scale

has been used to measure pain in numerous studies,

including the one described herein [16, 29].

In the present study, we observed that both the experi-

mental and control groups experienced their maximum

sensitivity during the first 24 h PB and then the pain

decreased to values similar to those obtained before the

procedure, as described in the literature. In general, tooth

sensitivity persists for up to 4 days after bleaching, but

durations of up to 39 days have been reported [30]. In the

study by Mondelli et al. [31], after 24 h, the degree of

sensitivity had lowered considerably and returned to nor-

mal levels after 1 week for all groups evaluated. However,

in the present study, the group that was administered 5 %

potassium nitrate 30 min before the bleaching procedure

experienced less sensitivity than the placebo group (mean

values of 22.22 for group A and 26.97 for group B). These

findings agree with those of Goldberg, who reported that

sensitivity after bleaching can be prevented or decreased by

treating the teeth 30 min before whitening with DSAs that

contain 3 % potassium nitrate and 0.11 % fluoride on the

basis of weight [32]. Leonard et al. [11] also demonstrated

that pre-treatment with DSAs benefits patients who are at

risk of developing tooth sensitivity. The potassium nitrate

and fluoride formulation that has been introduced into

some carbamide peroxide gels might play an important role

in preventing an increase in tooth sensitivity.

Although A. Reis [33] and Tay LY [34] affirm that the

use of a desensitizing agent as 5 % potassium nitrate before

in-office bleaching did not affect the bleaching efficacy, in

this study we observed differences between groups. While

in both groups the teeth were lighten significantly, the

placebo group experimented higher values of lightening

that the group with 5 % potassium nitrate (p \ 0.05).

It is not understood fully why some patients experience

tooth sensitivity during bleaching procedures and others do

not. Leonard et al. [11] have reported that the pain is

almost certainly multifactorial and is not related solely to

the whitening solution. In the present study, tooth sensi-

tivity probably occurred as a result of the length of time for

which the bleaching gel was applied (45 min) and the use

of light and heat sources, which led to higher temperatures

in the pulp. Some studies [24, 30, 35] have concluded that a

higher incidence of tooth sensitivity (from 67 to 78 %)

occurs after bleaching with H2O2 in combination with heat;

however, Tavares et al. [7] concluded that tooth sensitivity

after bleaching was linked primarily to the use of peroxide

and not to that of light.

Markowitz et al. [36] elucidated the differences between

dentine sensitivity (DS) and post-bleaching sensitivity (BS).

Although pain can be evoked in bleached teeth by thermal or

other stimuli (as occurs in DS), most patients complain of

tingling or shooting pain (‘‘zingers’’) in the absence of pro-

voking stimuli. Markowitz et al. hypothesized that BS arises

as a consequence of the penetration of the tooth structure by

peroxide, which causes direct activation of neuronal receptors,

rather than through a hydrodynamic mechanism. This has

important implications for pain management. Therapies for

DS can reduce pain either by reducing stimulus-evoked shifts

in dentinal fluid or by reducing the neuronal response that is

triggered by these stimuli. Agents such as potassium salts that

depress nerve excitability should be more effective than

tubule-occluding agents in reducing BS. Incorporating agents

that contain potassium into bleaching protocols seems to

reduce the severity of BS without compromising the aesthetic

results. Potassium-containing dentifrices or gels can also be

applied in the bleaching tray, either as part of the bleaching

composition or separately. Application of potassium salts in

the tray gives the potassium ions more time to diffuse through

the structure of the tooth. However, the optimum concentra-

tion and mode of application has yet to be determined [36].

Conclusion

In summary, the hypothesis addressed in the present study

was confirmed, namely, that an in-office bleaching treat-

ment system using a gel that contained 28 % hydrogen

peroxide, with activation by light, gave quantitatively sta-

ble results for a period of 3 months. When a DSA that

contained 5 % potassium nitrate was applied before the

30-minute bleaching treatment, the sensitivity of the teeth

after bleaching was reduced significantly, but the results of

the bleaching efficacy were also decreased.
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