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Purpose: This study evaluated the effect of sodium fluoride (NaF) solution and casein phosphopeptide-
amorphous calcium phosphate (CPP-ACP) paste on the prevention of re-staining after in-office bleaching in
vitro using an artificial discoloration tooth model.

Materials and Methods: Fifty extracted bovine teeth were stained in black tea and bleached by an in-office
beaching material (TiON In Office). The teeth were divided into five groups, with 10 teeth in each group (n=10).
They were treated with 2.0% or 0.2% NaF solution, CPP-ACP paste (MI Paste) or CPP-ACP paste containing
fluoride (MI Paste Plus) for 1 hour. A group left without application served as control group. Then, each tooth
was immersed into the black tea again. CIE L*a*b* of the stained surface of each tooth was measured by a
dental color meter (Shade Eye NCC) after bleaching, at 1, 3, and 6 hours, and 1, 2, 3, and 7 days after immersion,
and the changes in color were evaluated. Other specimens were prepared and the bleached and stained surfaces
were observed by a scanning electron microscope (SEM) at each period.

Results: Color change increased gradually by immersion in the black tea in all groups. The color change in all
experimental groups was less than that of control group. Repeated measure ANOVA showed that both the
treatment solution and the immersion time significantly affected AE (p<0.05). A remarkable difference was not
found in the SEM images among all groups at each period.

Conclusion: It was concluded that application of NaF and CPP-ACP would be able to decrease re-staining and
discoloration of teeth after office-bleaching. (Asian Pac J Dent 2013; 13: 47-55.)
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Introduction

The tooth bleaching has become one of the most popular esthetic dental treatments, which is rather
conservative and cost-effective for improving or enhancing a person’s smile.! The vital-tooth bleaching has
been developed under two categories; in-office bleaching as professionally applied in the dental office and home
bleaching as prescribed by the dentist for home-use by the patient. Current tooth bleaching materials are based
primarily on either hydrogen peroxide or carbamide peroxide as active ingredients.'

Previous studies have shown a high patients’ satisfaction with both office bleaching® and home bleaching.””
However, tooth bleaching is not risk-free,' and safety issues have been raised regarding the effects of bleaching
on the tooth structure,® pulp tissues,”® and the mucosal tissues of the mouth,” as well as systemic ingestion.' It is
known that at concentrations of 10% H,0, or higher, this chemical substance is potentially corrosive to mucous
membranes or skin, causing a burning sensation and tissue damage.*”'° Severe mucosal damage can occur if
gingival protection is inadequate.' Tooth sensitivity was also reported in various degrees and frequency after
office bleaching and home bleaching."'

The tooth color relapse seems to be one of the biggest problems after bleaching. Such color relapse has been

reported in both office bleaching'® and home bleaching,™'

and the degree of color relapse has been various
among the clinical researches.™* In this regard, it is important that the patient understands that bleaching is not
a permanent treatment and some periodic re-bleaching will be required, that can range from a few weeks to
several months.”” Post-bleaching color regression is a concomitant phenomenon in the vital teeth bleaching

procedure; however, the phenomenon has not been well-understood.'* Tt is therefore necessary to establish
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preventive measures against re-staining after tooth bleaching.

Application of a solution containing active ingredients such as potassium nitrate,” sodium fluoride (NaF)" or
casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) paste'® has been recommended to prevent
sensitivity after bleaching. NaF has been well known for its role for prevention of demineralization'” and
re-mineralization of enamel.!”'® CPP-ACP also contributes for re-mineralization of decalcified enamel,19 and
may prevent demineralization.”® Apart from sensitivity, both NaF and CPP-ACP have been suggested for the
prevention of re-staining after tooth bleaching;'® an interesting effect that desires further exploration.

The purpose of this study was to evaluate the effect of NaF solution and CPP-ACP pastes on the prevention of
re-staining after office bleaching using the artificial discolored bovine tooth model in vitro. The null hypothesis

was that the application of NaF or CPP-ACP pastes after bleaching did not affect re-staining of the tooth.

Materials and Methods
Specimen and initial staining
Fifty freshly extracted bovine incisors were prepared and artificially discolored according to previous

. 21,22
studies.”

The experimental procedure is shown in Fig. 1. The teeth were stored frozen after extraction and
were thawed by running tap water at room temperature. The teeth were then cleaned by removing soft tissue
remnants using a scalpel. The roots were cut and removed using a diamond disc (Separatedisk, Shofu, Kyoto,
Japan) with a straight-type micromotor handpiece. Then, the pulpal tissue was removed by an endodontic file.
The pulp chamber was irrigated with 5 mL of 5% sodium hypochlorite (Wako Pure Chemical, Osaka, Japan) to
remove any tissue remnants followed by thorough washing, drying, and finally etching with 40% phosphoric
acid gel (K-etchant, Kuraray Noritake Dental, Tokyo, Japan) for 10 s, to expose the tubule system and thereby
increase stain uptake into the dentin.”® Labial surfaces were ground to leave enamel of approximately 1 mm in
thickness, and polished to create a smooth and flat enamel surface with ascending-grit silicon carbide papers
(Sankyorikagaku, Saitama, Japan) starting from #280 up to #1,500 under running water. A stain solution was
prepared by immersion of one black tea bag (2 g) (Nittoh-tea, Mitsui Norin, Tokyo, Japan) in 100 mL of boiled
water for 5 minutes. Specimens were immersed in the solution and stored inside the incubator for 7 days at 37°C.

The solution was stirred once every day to avoid decantation of the solution and changed after every 3 days.

Immersion in

the solution

Eogineitocth . 1-hour application of Re-immersion into
cutting Office bleaching @ Control:bwutss) thetsoliition for
@ 2%NaF 1, 3, 6 hours and
3 0.2%NaF 1, 2,3, 7 days
@ MIP
Color measuring at each period ® MIPplus

Fig. 1. Experimental procedure

Color measurement
After removing from the solution, the specimens were rinsed and dried. The labial surfaces were then covered
with a masking tape with a 5 mm-diameter hole to fit the probe of a dental chroma meter (ShadeEye NCC,

Shofu). This procedure ensured measuring the same area at each step. The CIE L*a*b* values of tooth surfaces
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were recorded prior to bleaching for the first time as the baseline data, using the dental chroma meter and then
the photograph of each experimental surface was taken by a digital camera. In order to decrease the variation
among the specimens, only those specimens showing an L* value between 45 and 65 were included in the design.
In this manner, a total of 50 teeth were selected for following experiment.
Tooth bleaching

The exposed canal of each specimen was sealed with an adhesive (Clearfil SE Bond, Kuralay Noritake
Dental) and a composite resin (Esthelite Sigma Quick, Tokuyama Dental, Tokyo, Japan). The specimens were
subsequently assigned into five groups (n=10), and treated with an office bleaching agent (TiON In Office, GC,
Tokyo, Japan) according to the manufacturer’s instructions as follows. The reactor was applied using a
disposable brush, and its excess was removed by gentle air. Then the mixed bleaching gel was applied on the
experimental surface and photo-irradiated for 12 minutes using a light unit (Cosmo Blue, GC), which is
arch-type violet LED (A=405 nm) lights for tooth bleaching. The bleaching gel was then wiped off from the
experimental surface using a piece of damp gauze. The bleaching procedure was repeated three times. Finally,
the specimen was washed thoroughly under tap water, dried gently and the color values of L*a*b* were
measured using the chroma meter.
Application of NaF or CPP-ACP

In control group, teeth were stored in a container keeping 100% relative humidity for 1 hour without any
surface treatment. For the experimental groups, the NaF solutions with different concentration (2.0% and 0.2%)
were prepared and two types of CPP-ACP pastes were used in this study. In the first two groups, each bleached
tooth was immersed in the 50 mL of 2.0% (2.0% NaF) or 0.2% (0.2% NaF) NaF solution for 1 hour. In groups 3
and 4, 0.2 g of either the CPP-ACP paste (MIP) or the CPP-ACP containing NaF paste (MIPplus) was placed on
the bleached surface of each experimental tooth for 1 hour. Finally, all the specimens were washed with running
tap water, dried gently and the color values of L*a*b* were measured using the chroma meter to serve as the
baseline. The materials (bleaching and surface treatment agents) used in this study and their ingredients are

presented in Table 1.

Table 1. Components and their ingredients

Materials Component

TiON In Office (GC) Reactor: Ethanol 80-90%, Water 10%, Titanium dioxide 1-5%
Syringe A: Hydrogen peroxide aqueous solution 30-35%
Syringe B: Carbamide peroxide (Urea hydrogen peroxide) 30-35%, Propylene glycol

60-65%
NaF (Wako Pure Chemical)  Sodium fluoride
MI Paste (GC) Glycerol 10-20%, CPP-ACP 5-10%, d-Sorbitol 0-5%, Propylene glycol 0-2%, Silicon

dioxide 0-2%, Titanium dioxide 0-2%, Ethyl-4-hydroxybenzoate <0.1%,
Butyl-p-hydroxybenzoate <0.1%, Propyl-4-hydroxybenzoate <0.1%

MI Paste Plus (GC) Glycerol 10-20%, CPP-ACP 5-10%, d-Glucitol 0-5%, Propylene glycol 0-2%, Sodium
fluoride 0.2%, Silicon dioxide 0-2%, Titanium dioxide 0-2%, Ethyl-4-hydroxybenzoate
<0.1%, Butyl-p-hydroxybenzoate <0.1%, Propyl-4-hydroxybenzoate <0.1%

Re-staining

The specimens in all groups were re-immersed in black tea at 37°C for 7 days, in the same manner as
explained for the initial staining. The color of the specimen surface was measured at 1, 3, and 6 hours and 1, 2, 3,
and 7 days after immersion. The difference of L*, a* and b* between the baseline and each period of the

re-staining were expressed as AL, Aa, and Ab respectively. The color difference (AE) was calculated from the
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values obtained at the baseline and after each period, according to the following equation.
AE=[(AL)*+(Aa)*+(Ab)*]"”

Scanning electron microscope (SEM) observation

Additional specimens were prepared and subjected to SEM observation at various experimental stages; after
initial staining, after bleaching, after treatment in each group, and after 7 days re-staining in each group. For this
purpose, the specimens were dehydrated in a glass desiccator for 24 hours, sputter coated by gold and observed
by SEM (JSM-5310LV, JEOL, Tokyo, Japan).
Statistical analysis

AE data of all groups was subjected to statistical analysis with repeated measures ANOVA test, with
re-staining time as within subject factor and treatment group as between subject factor. Bonferroni correction

was used as post hoc test for multiple comparisons. The statistical significance level was set as a=0.05.

Results

Digital photographs showing the typical color changes of the specimens in each group are presented in Fig. 2,
and the average L*a*b* values of each period are demonstrated in Fig. 3. After the bleaching procedure,
generally L* value was increased and a* and b* values were decreased and the bleaching effect was obvious.
The calculated AE values were shown in Fig. 4; through the re-staining by the black tea extract, AE values were
gradually increased in all groups accompanied by a decrease in the L* value. Generally, the color changes in
any experimental groups were less than that of the control group. Repeated measures ANOVA showed that
re-staining immersion time was a significant factor for all groups. Multiple comparisons suggested statistical
differences between groups at all times beyond 1-hour re-immersion (p<0.05). After 1, 3, and 6 hours, and 1, 2,
and 3 days of re-staining, AE values of all experimental groups were significantly different with that of the
control group (p<0.05). After 7 days, 0.2% NaF, MIP, and MIPplus showed a statistically significant difference
in AE value compared with the control group and 2.0% NaF (p<0.05).

Control

MIP
2%NaF ‘ | | L
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>
é"b . .
g@ re-immersion time
AN

Fig. 2. Typical color change
Photographs showing the typical color change of the specimens before discoloration, after discoloration, after
bleaching, after application: 1 hour, 3 hours, and 6 hours; 1 day, 2 days, 3 days, and 7 days
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Fig. 4. AE change after bleaching
Comparison of changes of AE values of each period (before discoloration, after discoloration, after bleaching, after
application: 1 hour, 3 hours, and 6 hours; 1 day, 2 days, 3 days, and 7 days).
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Fig. 5. SEM images of representative surfaces at each stage

A distinct difference could not be observed among groups.
a) typical appearance after initial staining but before bleaching; b) surface after bleaching, and before treatment by
experimental agents; c) after application of 2% NaF; d) after application of 0.2% NaF; e) after application of MIP; f)
after application of MIPplus; g) control surface after 7-day re-immersion in the staining solution; h) 2% NaF after
7-day re-immersion in the staining solution; i) 0.2% NaF after 7-day re-immersion in the staining solution; j) MIP
after 7-day re-immersion in the staining solution; k) MIPplus after 7-day re-immersion in the staining solution.

Under SEM, any morphological changes were not observed before and after bleaching (Fig. 5). Moreover, the
application with NaF solutions or CPP-ACP pastes did not appear to affect bleached surfaces (Fig. 5). Although
the bleached surfaces were discolored after re-staining for 7 days in all experimental groups, the surface change

could not be observed (Fig. 5).

Discussion

The tooth color relapse seems to be one of the biggest problems after tooth bleaching. Therefore, the patient
should understand that bleaching is not a permanent treatment and that some periodic re-bleaching will be
required.” In dental clinics, generally practitioners recommend a re-bleaching treatment about 2 years after the
first treatment” or once a year;' but this time can be even shorter depending on re-staining conditions. The color
regression after tooth bleaching is a concomitant phenomenon in the vital teeth bleaching procedure, which is
not well-understood by the practitioners yet.'* The color relapse after bleaching has been investigated in several
clinical studies.”'****” The degree of the color relapses were varied among them. The color relapse was rarely
observed less than one year after bleaching,'** but it was often found later than one year.’*’

Many methods have been employed for evaluating bleaching materials and techniques. Several bleaching
substrates have been utilized for in vitro studies; such as human teeth,”**>° bovine teeth,” hematoporphyrin-
stained paper’' and methyleneblue solution.*® It seems to be very difficult to collect a large number of extracted
human incisors as a standard laboratory experiment substrate. In this regard, bovine teeth have been used for

21,22,29,33

many studies concerning bleaching. In the present study, an artificial discolored bovine teeth model

which was previously established”” was employed. The variation in the data obtained could be partially
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controlled by initially choosing teeth with a similar degree of discoloration.

There are two known methods for evaluating color change of teeth. One is a subjective method using shade
guides and the other is more objective method using a color meter. In this study, the dental color meter was used
for measuring tooth color. Tooth discoloration causes can be categorized into intrinsic and extrinsic causes. The
intrinsic tooth discoloration can be caused by alkaptonuria, congenital erythropoietic porphyria, congenital
hyperbilirubinaemia, amelogenesis imperfecta, dentinogenesis imperfecta, tetracycline staining, fluorosis,
enamel hypoplasia, pulpal haemorrhagic products, root resorption, and ageing.** The extrinsic discolorations are
related to metallic stains as well as non-metallic stains inhaled with air or included in dietary components,
beverages, tobacco, mouthrinses and medicaments.* In this study, the black tea extract was used for staining the

: 23,28,35
teeth based on the previous works.””

This agent is widely available and can cause a reproducible
discoloration in a short time.

From the results of this study, re-staining was to some extent prevented in all treatment groups, especially at
early periods of immersion. With increased immersion time, the treated surfaces were gradually re-stained. In
contrast, in the control group, AE value was immediately increased after immersion in the tea extract. Therefore,
it can be inferred that re-staining was delayed by the application of CPP-ACP and/or fluoride after tooth
bleaching.

It is well known that NaF solution and CPP-ACP paste contribute to remineralization of the decalcified
enamel. The CPP-ACP has exhibited anticariogenic potential in laboratory, animal and human in situ

19,36,37
researches. >

In human in situ models, the CPP-ACP in sugar-free chewing gum could re-mineralize enamel
subsurface lesions,’® and those re-mineralized enamel surfaces acquired acid resistance.”” There are also several
reports about the effect of CPP-ACP paste on tooth bleaching.'®** The CPP-ACP paste and CPP-ACP with
fluoride paste as well as 250 ppm NaF solution increased the hardness of enamel surface of the bovine incisors
bleached with 38% hydrogen peroxide.” In line with the results of the present study, it was reported that the
treatment of CPP-ACP paste or 1.23% fluoride gel on the enamel of the extracted human incisors after bleaching
with 10% carbamide peroxide reduced stain absorption.16 Moreover, application of CPP-ACP paste on the
bovine enamel before and/or after bleaching with 35% hydrogen peroxide or 37% carbamide peroxide prevented
negative changes in the roughness and hardness,” even after damage exerted by prolonged periods of
bleaching.*' In contrast, it has been reported that the application of CPP-ACP paste did not maintain prevent
re-staining and did not recover the damaged enamel surface.* The variety of the results seems to be due to
different teeth, bleaching methods and experimental protocols. For instance, the acidity and composition of
bleaching agent appears to be an important factor affecting bleached enamel surface. It was reported that an
acidic bleaching gel significantly reduced bovine enamel microhardness, and the use of remineralizing gels
containing fluoride after bleaching could enhance the microhardness of bleached enamel.** Another recent study
reported that bleaching with an acidic 35% hydrogen peroxide (pH 5.6), even though followed by topical
application of fluoride, increased the roughness values and resulted in erosion of enamel of extracted human
teeth.* Meanwhile, bleaching with a neutral, fluoride-containing hydrogen peroxide gel (38%) did not affect the
enamel surface roughness.**

The regression of L* value is significantly correlated with the density change of the hard tissue;'* and the
remineralization function of the agent should explain their preventive effects on re-staining of bleached enamel.

Nevertheless, the pH of the bleaching material used in this study is balanced around neutral according to the
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manufacturer, and no enamel surface erosion or damage could be observed under SEM after bleaching.
Therefore, further research should clarify the mechanism of re-staining hindrance observed in this study.

The 2.0% NaF is considered to be a high fluoride concentration and can be applied only in the dental clinic,
while 0.2% NaF and CPP-ACP pastes can be used in both dental clinic and home. For office bleaching, fluoride
or CPP-ACP paste should be applied immediately after the bleaching procedure. For home bleaching, NaF gel
or CPP-ACP paste is recommended to be applied with a bleaching tray after the use of a home breaching gel.

In the current study, application of NaF solution or CPP-ACP paste immediately after tooth bleaching
treatment resulted in the prevention of re-staining after tooth bleaching. Further research, especially clinical

evaluation is required to clarify the effectiveness of this approach.
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