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ABSTRACT

Effect of tooth-bleaching agents with
dicalcium phosphate dihydrate on the tooth
whitening and enamel surface properties

Youn-Soo Shim

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Kwang-Mahn Kim, D.D.S., Ph.D.)

In recent year, there has been an increasing demand for tooth bleaching in
order to improve the esthetic appearance of patients, because it is an easy,
effective, and non-destructive treatment to remove these tooth discolorations.
Hydrogen peroxide (HP) acts as a strong oxidizing agent through the formation
of free radicals, reactive oxygen molecules, and HP anions. Current studies have
presented contradictory results concerning the adverse effects of tooth bleaching
agent on enamel surfaces.
The purpose of this study was to evaluate the tooth whitening and

properties of an enamel surface after treatments with tooth bleaching agents
that contained dicalcium phosphate dihydrate and HP. DCPD (CaHPO4·2H2O) is
known to be a precursor to hydroxyapatite (HA) in the remineralization
process. Many studies have shown that supplemental calcium and phosphate
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in the form of DCPD have an anticaries benefit. In acidic solutions, DCPD
was thermodynamically more stable than other calcium phosphates. This study
selected 35 % HP and 3.5 % HP, which were used in-office bleaching and
home bleaching agent. Sixty enamel specimens were obtained from human
premolars and randomly divided into two groups. These groups were then
divided into three subgroups (n=10). Tooth bleaching agents were prepared
with DCPD (0 g for controls, 0.1 g and 1 g for experimental groups) and HP
solution (35 % and 3.5 % HP). In the Group A, DCPD / 35 % HP solutions
were applied on sectioned enamel surfaces for 60 min per day for 1 day. In
the Group B, DCPD / 3.5 % HP solutions were applied on sectioned enamel
surfaces for 8 hours per day for 14 days. pH and mineral composition
(ICP-AES) in the tooth bleaching agent were measured. Tooth color,
microhardness and surface characterization (SEM and EDX) of enamel surface
were measured as well.

1. The tooth bleaching agents with DCPD showed a significant increase in pH as
compared with the ones without DCPD in the group A (p<0.05). In the group B,
however, there was no statistically significant difference (p>0.05).

2. As the concentration of DCPD was increased, the concentration of Ca and
P was also increased. The ratio of Ca/P was found to be approximately 1.1
~ 1.2.

3. In all groups, after the tooth whitening, the tooth color was found to have a
value of L* which was significantly increased, while that of a* and b* were
significantly decreased as compared with the ones that were seen prior to the
tooth whitening (p<0.05).
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4. In all groups, the hardness of tooth after bleaching showed a significant
decrease in the microhardness as compared with the one prior to tooth bleaching
(p<0.05). In both group A and B, however, as DCPD content was increased, the
decreasing degree of microhardness was found to be smaller in the experimental
group as compared with the control group.

5. Following an analysis of the characteristics of enamel surface after
bleaching, there were porosity and erosion in the control group. In the groups
where the amount of DCPD was the greatest, however, there was no surface
change.

6. Following an analysis of the constituents of enamel surface after bleaching,
as DCPD content was increased, the amount of Ca and P was significantly
increased (p<0.05).

Based on the above results, tooth bleaching agents of 35 % and 3.5 % of HP
containing DCPD are equally effective to the control group. By raising the pH
and thereby effectively reducing the decalcification of tooth surface, a lower
degree of the effects are given to the surface characteristics and constituent
alterations of enamel. Thus, the commercial availability can be achieved for the
constituents of tooth whitening materials.

Keywords: Tooth bleaching, DCPD, pH, Tooth color, Microhardness
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Effect of tooth-bleaching agents with
dicalcium phosphate dihydrate on the tooth
whitening and enamel surface properties

Youn-Soo Shim

Department of Dentistry, The Graduate School,
Yonsei University

(Directed by Professor Kwang-Mahn Kim, D.D.S., Ph.D.)

. INTRODUCTIONⅠ

1. History of tooth bleaching

For well over a century, bleaching has been used to achieve a lighter and
more desirable tooth color. Tooth bleaching is not a new technique in dentistry.1

By the mid-1800s, the bleaching agent of choice for nonvital teeth was chloride
of lime.2 As early as the 1890's, a 3 % solution of Pyrozone was used safely as
a mouthwash by both children and adults by Atkinson. It reduced caries and
whitened the teeth. By 1918, an in-office bleaching technique similar to
technique used today, using high concentrations of hydrogen peroxide (HP)
activated by heat or light, was well established. In 1937, Ames et al. reported a
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technique using a mixture of HP and ethyl ether on cotton, heated with a metal
instrument for 30 minutes, and applied over 5 to 25 visits to treat mottled
enamel.1 In 1961, Pyrozone and sodium perborate were used for nonvital teeth
by Spasser.2 In 1966, the combined use of hydrochloric acid and HP was
promoted to remove brown stain from mottled teeth by McInnes. In 1967, the
walking bleaching technique uses 35 % HP and sodium perborate for whitening
nonvital teeth by Poe et al.1 In 1968, the current home bleaching technique,
employing a custom-fit tray containing 10 % carbamide peroxide (CP) solution,
was first used by Klusmeier. In 1970, Cohen and Parkins published a method for
whitening tetracycline-discolored dentine of the teeth of young adults treated for
cystic fibrosis.1 The first commercially available 10 % CP was developed and
subsequently marketed by Omni International in 1989 based on the findings of
Munro, who used a 10 % CP solution to control inflammation after root planning
in a vacuum-formed plastic splint. Haywood et al. published the first clinical
study on tooth whitening using Proxigel in vacuum-formed custom trays.1 This is
the technique known as `night guard vital bleaching' now commonly used.
Various chemical combinations have been tried. Currently available

peroxide-containing tooth-whitening materials include professionally dispensed and
supervised products for use by patients at home, professional-use in-office
products, and over-the-counter products for sale directly to consumers.
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2. Tooth discolorations / Stains

The color of teeth is primary determined by the dentin but is influenced by
the color, translucency and varying degrees of calcification of enamel as well as
its thickness, which is notably greatest at the occlusal or incisal edge. The
normal color of teeth is determined by the blue, green and pink tints of enamel
and is reinforced by the yellow through to brown shades of the dentin beneath.3

Many types of color problems affect the appearance of the teeth. The cause of
these problems varies, so the speed with which they may be removed also
varies.
Discolorations are classified as extrinsic or intrinsic. Extrinsic discoloration

arises when external chromogens are deposited on the tooth surface or within
the pellicle layer. Intrinsic discoloration occurs when the chromogens are
deposited within the bulk of the teeth (usually in the dentin) and are often of
systemic or pulpal origin.4 Some extrinsic stains that remain on the tooth for a
long time become intrinsic.2

Extrinsic color changes may be due to poor oral hygiene, ingestion of
chromatogenic foods and drinks, and tobacco use. Intrinsic color changes may be
caused by aging, ingestion of chromatogenic foods and drinks, tobacco usage,
microcracks in the enamel, tetracycline medication, excessive fluoride ingestion,
severe jaundice in infancy, porphyria, dental caries, restorations, and the thinning
of the enamel layer.3 Other, less common, medical situations and conditions may
also cause the loss of desirable tooth color. The causes of staining need to be
assessed carefully to better predict the rate and degree to which bleaching will
improve tooth color, since some stains are more responsive to the process than
others.4,5
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3. Mechanism of tooth bleaching

Contemporary bleaching agents are typically either hydrogen peroxide (HP),
carbamide peroxide (CP), sodium percarbonate, or some other compound.3 HP is a
main component of tooth bleaching. CP is a chemical adduct of urea and HP,
which upon dissolving in water or saliva disassociates back into HP and urea. CP
and HP penetrate the enamel and dentin, reaching the pulp in 5 to 15 minutes.
It is not only the enamel but mainly the dentin that chamber color, and it does
next to the dentinoenamel junction.6 HP is a very pale blue liquid, slightly more
viscous than water, that appears colorless in dilute solution. It is a weak acid,
has strong oxidizing properties, and is a powerful bleaching agent. It is used as a
disinfectant, antiseptic, oxidizer, and in rocketry as a propellant.5 The oxidizing
capacity of HP is so strong that it is considered a highly reactive oxygen
species. HP always decomposes (disproportionates) exothermically into water and
oxygen gas spontaneously:

2 H2O2 2 H→ 2O + O2
HP acts as a strong oxidizing agent through the formation of free radicals,

reactive oxygen molecules and HP anions.7 These reduce or cleave pigment
molecule double bonds to either break down pigments to small enough molecules
that diffuse out of the tooth or to those that absorb less light and hence appear
lighter. Such pigmented molecules tend to be organic, although inorganic
molecules can be affected these reactions (Figure 1).3 Under photochemically
initiated reactions using light or lasers, the formation of hydroxyl radicals from
HP has been shown increase.8
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Figure 1. Hydrogen peroxide forms free radicals like hydroxyl and perhydroxyl
radicals and superoxide anions (A), reactive oxygen molecules that are
unstable and transformed to oxygen (B), and hydrogen peroxide anions
(C).3

A
H2O2 2HO .

HO .+ H2O2 H2O + HO .
2

HO .
2 H + + O .

2

　
B
2H2O2 2H2O + 2{O} 2H2O + O2

　
C
H2O2 H + + HOO -
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4. Tooth bleaching systems

4.1. Non-vital bleaching

Non-vital bleaching techniques include an in-office thermocatalytic technique
and an out of the office technique referred to as walking bleach. It is usually
performed on traumatized discolored teeth and only after a root canal treatment.
The thermocatalytic technique uses heat applied several times during a
30-minute period to activate the solution in the pulp chamber, after which the
solution is rinsed from the chamber.9 Walking bleach uses a mixture of 30 % HP
and perborate to make a paste that is sealed into the chamber to permit
activation of the solution over several days. Although non-vital bleaching is quite
effective, there is a slight potential for a most deleterious side effect of cervical
resorption. Prior to any bleaching procedure the nonvital tooth must be
radiographed to assess the quality of the root canal obturation and the apical
tissue.

4.2. Vital bleaching

4.2.1. In-office or power bleaching

In-office bleaching of vital teeth generally uses high concentration (15 ~ 30
%) HP solution placed directly on the teeth and may involve application of light
and/or heat to activate or enhance the peroxide release.10 Advantages were
included minimal dependence on patient compliance and immediate visible results,
which satisfy patients who to see quick results. The disadvantages are higher
patient cost, the use of chair time, and the requirement of multiple in-office
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visits to get optimal results and retain them.

4.2.2. Dentist-supervised at home bleaching

It is performed using custom made mouth trays fitted by the dentist using
lower concentrations of HP (2 ~ 10 %) and applied for several hours a day for
several weeks. The benefits achieved with tray-based system are widely known ;
lower incidence of tooth sensitivity or gingival irritation; less visits to the dental
office; achievement of the same whitening results as higher concentrations
agents; and safety and efficacy of 10 % CP that has already been established in
published clinical trials.11 The major disadvantage is the need for in-office chair
time and the potential fir soft-tissue changes with excessively extended use.
Also, this treatment is not a one-time treatment, which patients prefer.

4.2.3. Over-the-counter (OTC) bleaching

Over-the-counter products include dentifrices, whitening strips, paint-on brush
applications, and whitening kits complete with a preformed or semimolded tray.
Contact time is significantly reduced as compared with professionally prescribed
products. Therefore, whitening strips and paint-on brush applications must be
used longer to obtain similar results to those from the professionally prescribed
products. Minimal research exists on these products because they can be bough
and used indiscriminately by patients, the risk of inappropriate use is high. These
methods are excellent for maintaining already whitened teeth and are a good
option for patients who cannot afford the professionally prescribed products or
who do not have time for multiple office visits.12
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5. Effect of tooth bleaching

5.1. Efficacy

Night guard vital bleaching by 10 % CP has been in use for close to 20
years and has been the most extensively researched method for tooth whitening.
Similarly, power bleaching using 35 % HP, with or without light and / or heat
activation, has also been shown to be effective. It has been shown to be
effective for lightening primary teeth discolored by trauma; lightening
tetracycline-stained teeth; removing brown stain, including fluorosis stain; and
lightening teeth stained by nicotine.13,14 The teeth get lighter through the process
and reach a maximum lightness regardless of the concentration of the agent or
contact time used. Retention studies reported satisfactory shade retention in 82
% of the cases treated at 47 months posttreatment15 and long-term results of
bleaching efficacy were reported that by leonard,16 with at least 43 % shade
retention without retreatment at 10 years.
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5.2. Side effect

5.2.1. Tooth & oral tissues

The most common side effect associated with tooth bleaching is tooth
sensitivity. Short-term pulpal response varies from patient to patient and even
from tooth to tooth. Double-blind studies have reported sensitivity in 25 % to 70
% of patients. Sensitivity is in the form of a reversible pulpitis caused from the
dentinal fluid flow and pulpal contact of the material without apparent harm to
the pulp.17 These chemicals may change the osmolarity of the fluids in the pulp
and dentin, producing a reversible pulpitis. Peroxide does penetrate through the
tooth the pulp in a matter of minutes.18 Therefore, it can produce sensitivity, but
the pulp remains healthy and the sensitivity is completely reversible.19 It is
import that the process be carefully monitored to avoid creating great sensitivity
in the teeth. Cervical resorption is seen occasionally in bleached, root-filled teeth
and has been attributed to a combination of trauma and bleaching with high
concentration HP and heat.

5.2.2. Mechanical and chemical properties of enamel and dentin

Another consideration with tooth bleaching is the effect it has on enamel and
dentin. As the bleaching process often involves direct contact of the bleaching
product with the surface of the teeth for an extended period of time, many
studies have evaluated the effects of peroxide-based products on the physical
and chemical properties of tooth enamel and dentin. Changes of the surface
texture after application of HP and CP bleaching gels are described as surface
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morphology, decalcification, chemical composition, surface-softening lesions, or
surface roughness some also found a reduction in microhardness in enamel and
dentin.20-24 Studies evaluating the effects of home bleaching products on
restorative materials have also produced equivocal results. Bleaching does
interfere with the bonding process because it results in the presence of HP in
the enamel and dentin, which hinders polymerization of the resin composite.25,26

Resin tags in bleached enamel are less numerous, less well defined and shorter
than those in unbleached enamel.25,26
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6. Toxic effects

CP administrated as a home bleaching agent breaks down to produce
hydrogen peroxide and urea in the mouth. The toxicology of HP has been
reported that HP is found to occur naturally in many vegetables and is produced
in humans during normal metabolism of aerobic cells.27 The study reported that
the average amount of tooth bleaching agent used per application is 502 mg. All
of this amount swallowed would not exceed 8.37 mg / kg,27 which is below the
10 mg / kg associated with acute toxicity in rats.28 The dermal toxicity of HP is
low, with concentrations of up to 35 % not considered as being irritant to rabbit
skin; however, concentrations of greater than 50 % are corrosive.38 Various
mouth rinses and oral antiseptics (10 and 15 % CP), and HP up to a
concentration of (3 %) have been used for some time with no detectable ill
effect on humans and have been approved by the US Food and Drug
Administration since 1979. On the contrary, reports are of beneficial effects on
gingival irritation and plaque accumulation, and an anticariogenic action.29 HP has
been found not to be carcinogenic, mutagenic or teratogenic,30 and concerns of
toxicity or serious damage to soft tissues appear to be unfounded.31
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7. Indications and contraindications for bleaching

Nearly every patient can have their teeth bleached, but not every case is
guaranteed to have a successful outcome or be enough to satisfy the esthetic
needs of the patient. The indications for bleaching are basically the same for
both in-office and home bleaching but the clinician must decide which method is
best suited to the patient's needs.3

7.1. Indications for bleaching

Generalized staining (smoking dietary stains such as those of tea and coffee)
may be completely removed by bleaching. Bleaching may be done in lieu of
bonded resin composite restorations, porcelain veneers, or crowns to improve the
tooth color. Patients may be satisfied with the results of bleaching such that
more invasive treatment is not needed. Very severe tetracycline staining may not
be amenable to bleaching alone and therefore combination treatments, such as
bleaching and veneers, may be considered. Fluorosis with multiple spots of
varying colors may require a combination of bleaching and microabrasion using
hydrochloric acid and abrasives / polishes.32 Bleaching can also be used
post-restoratively when patients present with incorrectly made restorations whose
shades are lighter than the natural dentition.

7.2. Contraindications for bleaching

Although bleaching is a safe and effective aid in improving the appearance
of the teeth, not every discolored tooth requires bleaching. Patients with
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hypersensitive teeth are generally not good candidates for bleaching, although
management of the sensitivity may allow successful bleaching of their bleaching.
Contraindications for in-office bleaching with high concentrations of HP

include teeth with extremely large pulps, exposed root surfaces, or severe
enamel loss. At-home bleaching is generally not indicated for pregnant women or
patients allergic to the ingredients in the CP preparations.33 Patients with a
history of temporomandibular disorder (TMD) may not be good candidates for
at-home bleaching or may need to wear the tray during waking hours only.34

All other delineators, such as pulp size, exposed dentin, cracks, gingival
recession, caries, gender or age of the patient, or other physical characteristics,
were not predictive of tooth sensitivity. In the case of decay, a restoration can
be preformed and resurfaced for the correct bleached shade about 2 weeks
post-bleaching once the end shade has stabilized and to allow for the dissipation
of the residual oxygen that may inhibit the composite bond to enamel / dentin.25

Patients with existing esthetic restorations must be warned that when bleaching
lightens the natural tooth color, restorations may appear relatively dark and
unattractive. The need for new restorations that are lighter in shade should be
discussed with the patient prior to bleaching.3
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8. Dicalcium phosphate dihydrate (DCPD)

Dicalcium Phosphate Dihydrate (DCPD), also known as Brushite, is a hydrated
calcium phosphate mineral with the composition CaHPO4·2H2O.
It is practically insoluble in water, with a solubility of 0.02 g per 100 mL at

25 °C. It contains about 23 percent calcium in its anyhydrous form, and is
mainly used as a dietary supplement in prepared breakfast cereals, dog treats,
enriched flour, and noodle products. It is also used as a tableting agent in some
pharmaceutical preparations. It is used in poultry feed. The structure of DCPD is
almost identical to that of gypsum with their respective unit cell dimensions very
similar. The phosphate of DCPD is isomorphous with arsenate, which forms
instead, the mineral pharmacolite.35

The backbone of DCPD is made up of alternating calcium and phosphorus
atoms which form chains via the sharing of oxygens (the four phosphate
oxygens, Figure. 2). The phosphorus atoms have four fold coordination forming
phosphate tetrahedra while the calcium atoms have eight fold coordination. Four
of calcium's bonds are with these phosphate tetrahedra, forming the backbone
chains, while two more of the calcium bonds are with oxygens from neighboring
chains. These last bonds which link the chains together result in a zig-zag
pattern or corrugated sheet. The last two calcium bonds are with the water
molecules. These water molecules are what hold the sheets together.35

Calcium and phosphorus make up the majority of an animals mineral nutrient
requirements (to fulfill both body tissue and milk needs), therefore DCPD is a
common and widely used animal supplement. DCPD is also of interest because it
is the most soluble of the sparingly soluble calcium phosphate minerals and thus
makes a good candidate for rock phosphate dissolution studies. The fate of DCPD
in soils is rather transient. Typically, mineral phosphorus is added to soil in a
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water soluble form such as triple superphosphate or diammonium phosphate. As
the phosphorus dissolves the high solution P concentration favors precipitation
reactions. In neutral and calcareous soils, DCPD is one of the first reaction
products.35

DCPD is an acidic calcium phosphate phase which can form from tooth
mineral under caries-like conditions.36 DCPD has been known as a precursor
phase to HA in the remineralization process, and also as one of the constituents
found in dental calculus and precarious lesions. Therefore, DCPD often coexists
with HA in the dental hard tissues and interacts with saliva in the oral cavity at
the same time.37 Previous clinical trials have shown that supplemental calcium
and phosphate in the form of DCPD have an anticaries benefit. It has been
shown that DCPD incorporated into snacks38 and chewing gums39 reduced the
incidence of caries in children. Dentifrices containing DCPD as the abrasive are
very popular and are sold throughout the world. There is evidence from
intra-oral remineralization studies that indicate that DCPD works with fluoride to
provide improved remineralization benefit above and beyond that of fluoride
alone. For DCPD to work with fluoride, DCPD must be hydrolyzed in the oral
environment to release calcium and phosphate ions. The use of saturated DCPD
in remineralization of artificial caries lesions in vitro.40
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Figure 2. The structure formula of DCPD.
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9. Research objectives and scope

Recently, there has been an increased demand for tooth bleaching in order to
improve the esthetic appearance of patients, because it is an easy, conservative
method. Bleaching agents cause lightening of discolored tooth structures through
the decomposition of peroxides into free radicals. HP is a main component of
tooth bleaching. CP is a chemical adduct of urea and HP, which upon dissolving
in water or saliva disassociates back into HP and urea. The 10 % CP, upon
contact with oral tissues and saliva, breaks down into 3 % to 3.5 % HP and 6.5
% to 7 % urea.2 35 % HP and 10 % CP is the most commonly used in-office
bleaching and home bleaching agent. As the whitening process often involves
direct contact of the whitening product with the surface of the teeth for an
extended period of time, numerous studies have evaluated the effects of
products that contain peroxide on the physical and chemical properties of tooth
enamel.22 Some studies found that tooth bleaching led to tooth sensitivity or
changes in chemical composition, surface morphology, or surface roughness some
also found a reduction in microhardness.20-24 On the other hand, several studies
did not find any significant changes in the surface properties of tooth enamel.41-43

Therefore, the effect of bleaching treatment on dental enamel is not yet clear
and remains controversial. Although, no clinical studies or case reports in the
literature have documented macroscopically or clinically visible demage due to
vital bleaching or clinically relevant tissue destruction, It is important to minimize
the risk of even minor damage in order to ensure life-long integrity of dental
hard tissue.44
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To minimize damage, ingredients like fluoride, calcium, sodium nitrate,
CPP-ACP, or synthetic hydroxyapatite (HA) have been added to the bleaching
agent by the manufactures. However, the final results may be unpredictable.45

Dicalcium phosphate dihydrate (DCPD) is known to be a precursor to HA in
the remineralization process. Therefore, DCPD often coexists with HA in the
hard dental tissues and interacts with saliva in the oral cavity.38 In acidic
solutions, DCPD was thermodynamically more stable than other calcium
phosphates. On the other hand, in neutral and basic solutions, other calcium
phosphates were more stable.46 Thus, DCPD was suited to ingredient of tooth
bleaching agent.
The effects of DCPD / HP agents with different pH on the enamel surface

microhardness, morphology, composition, as well as their potential for affecting
tooth color change, have also been questioned.
The aim of this study was to evaluate the effects of HP bleaching agents that

contain DCPD on the tooth whitening and enamel surface properties. The null
hypothesis that tooth bleaching agents with and without DCPD were no
difference the tooth whitening and enamel surface properties.
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. MATERIALS AND METHODSⅡ

1. Materials

1.1. Hydrogen Peroxide (HP)
This study was used 35 % Hydrogen peroxide (Sigma-Aldrich, USA).

1.2. Dicalcium phosphate dehydrate (DCPD)
This study was used dicalcium phosphate dehydrate (Junsei Chemical Co. Ltd,

Japan) powder.

2. Methods

2.1. Tooth bleaching agents containing DCPD

The 35 % HP solution was diluted with distilled water to obtain a 3.5 %
solution. The tooth bleaching agents were prepared by adding 0 g for controls,
0.1 and 1 g of DCPD powder to 100 ml each of either 35 % HP (Group A) or
3.5 % HP (Group B) solution (Table 1). The DCPD / HP agents were stirred using
a magnetic stir-bar at room temperature for 24 hours. In the pilot study, surface
properties were no difference on concentration over the 1 g DCPD. Thus, this
study selected 0.1 and 1 g of DCPD concentrations.
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Table 1. The composition of bleaching agent containing DCPD
　 　 　 　 　

Group Subgroup 35 % HP Distilled water DCPD (g)
(n=10) (100 ml) (100 ml)

A
A1 100 0 0
A2 100 0 0.1
A3 100 0 1

B
B1 10 90 0
B2 10 90 0.1
B3 10 90 1
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2.2. pH-measurements

After stirring, the pH value of each solution was measured with an pH meter
(Thermo Fisher Scientific, USA).

2.3. Mineral measurements

An inductively coupled plasma-atomic emission spectrometer (ICP-AES,
OPTIMA 4300DV, Perkin-Elmer, USA) was used for quantitative analysis of the
elements dissolved in the DCPD / HP agents.

2.4. Preparation of the specimens

The study protocol was reviewed and approved by the Ethics Committee of
the Dental Hospital of Yonsei University College of Dentistry. Fifty human
premolars, extracted for orthodontic reasons, were stored in distilled water. Teeth
exhibiting any visible cracks, dentin exposures or hypoplastic defects were
excluded. The enamel surfaces were then cleaned with a prophylaxis paste to
remove any extrinsic stain.
The roots were removed and immersed into a black tea solution using the

method described by Sulieman and others.47 This method result in a combination
of both extrinsic and intrinsic staining, the majority of which is intrinsic. A black
tea solution was produced by boiling 2 g of tea (Marks and Spencer Tea Extra
Strong, Marks and Spencer, UK) in 100 ml of distilled water for ten minutes and
filtered through gauze to remove the tea leaves from the infusion. The enamel
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specimens were immersed in tea for 24 hours. After staining was complete, the
tooth were rinsed with distilled water.
Each tooth was sectioned into 2 fragments (4mm×4mm×3mm) with a

low-speed saw (NTI-kahla GmbH, Germany). The 60 enamel specimens selected
microhardness value between 300 and 350 VHN. The enamel surfaces of the
specimens were ground flat and polished using a polishing machine (Polisher
DP-1, Dae Heung Science, KOREA) with 600, 1200, 1800, 2400 and 4000 grits
silicon carbide papers (ALLIED, High tech products. Inc, CA). The polished tooth
were cleaned ultrasonically in distilled water for 5 minutes. The specimens were
embedded in plastic moulds with the enamel surface exposed for bleaching
(Figure 3).
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Figure 3. Tooth specimen embedded in plastic mould.
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2.5. Bleaching procedure

The resulting 60 specimens were randomly divided into two groups (n=30 per
group, Table 1). Each of these groups were subdivided into three subgroups
(n=10 per subgroup). In the Group A, each subgroup received applications of 0,
0.1, and 1 g DCPD combined with 35 % HP on sectioned enamel surfaces for 15
min a day. The bleaching procedure was repeated 4 times so that the total
application time was 1 hour. After bleaching, the enamel surfaces were rinsed
under distilled running water for 30 seconds. In the Group B, each subgroup
received applications of 0, 0.1, and 1 g DCPD combined with 3.5 % HP on
sectioned enamel surfaces for 8 hours per day for 14 days. After eight hours,
the enamel surfaces were rinsed under distilled running water for 30 seconds.
During the remaining time (16 hours per day), the specimens were maintained in
individual vials filled with 1 ml of distilled water at 37 °C. Distilled water was
replaced every day. Enamel changes were evaluated in four aspects: the color
change, microhardness, SEM and EDX (Figure 4).
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Figure 4. Flowchart of the study procedures and measurements.
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2.6. Color measurements

Color measurements were carried out before and after bleaching with a
spectrophotometer (MINOLTA CM-3500d, Japan) in the L* a* b* mode described
by the Commission Internationale de l'Eclairage (International Commission on
Illumination, CIELab). In this mode, the L* represents the light value (brightness),
the a* represents either green (- a*) or red (+ a*), and the b* represents either
blue (- b*) or yellow (+ b*). Prior to the measurements, the spectrophotometer
was calibrated with white and black reflectance standards supplied by the
manufacturer. The L* a* b* values were estimated from the middle of the buccal
side of each tooth. The difference between the color coordinates was calculated
as : E = {( L△ △ *)2 + ( a△ *)2 + ( b△ *)2 }1/2

2.7. Microhardness measurements

Each specimen from the distilled water was dried in air. Microhardness was
measured on a hardness testing machine (Micro-hardness tester, Japan) with a
load of 200 g for 10 s intervals. The mean of four indentations was calculated.
Before measurements, the enamel surface of the specimen was wiped to remove
moisture. The average baseline microhardness was designated VHN(B), and the
average after microhardness was designated VHN(A). The percentage
microhardness loss (PML) was calculated with the following calculation:

PML(%) =
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2.8. SEM observation

To examine the changes in surface morphology after bleaching, the specimens
were selected and cleaned ultrasonically in distilled water. Dried teeth were gold
sputter-coated and examined with a field-emission scanning electron microscope
(FE-SEM, S-4700, Hitachi, Japan).

2.9. EDX analysis

Enamel surface concentrations of calcium and phosphorus were measured with
energy dispersive X-ray spectroscopy (EDX, EMAX-350, Hitachi, Japan).

2.10. Statistical analysis

The data from pH, color, microhardness and EDX measurements were
analyzed using a paired t- test, t- test and one-way ANOVA. Tukey's test was
used for the post hoc analysis (p < 0.05 and 95 % confidence level were
considered significant).
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. RESULTSⅢ

3.1. pH-measurements

The pH of bleaching agents was shown in Table 2. The most acid pH value
of all bleaching agents tested was that of the group A1 (2.4), while the most
basic agent was the group B3 (6.9). With increasing DCPD concentration, the pH
values in the agents increased, making it less acidic. It can be seen that a
change in pH from 2.4 to 4.8, 6.4 to 6.9 causes a pronounced increase in the
concentration of DCPD. The tooth bleaching agents containing DCPD had a
statistically significant difference in pH as compared with those containing no
DCPD in the group A (p<0.05). In the group B, however, there was no
statistically significant difference (p>0.05).

Table 2. The pH of bleaching agents

p-values are determined by one-way ANOVA.

Group pH p

A1 2.4a

A2 4.7b <0.05
A3 4.8b

B1 6.4
B2 6.8 >0.05
B3 6.9
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3.2. Mineral measurements

The dissolved Ca and P ions in HP solutions were shown in Table 3. The
dissolved Ca and P ions increased in HP solutions and were also enhanced by
increasing the concentration of DCPD. The molar ratios of Ca and P ions from
the DCPD were approximately 1.1 ~ 1.2. The Ca ions was more prominent than
the P ions with all DCPD / HP agents.

Table 3. Concentrations of minerals in bleaching agents (ppm)
　 　

Group Ca P
A1 0 0
A2 275.3 244.9
A3 2676.7 2096.5
B1 0 0
B2 252.1 208.7
B3 2419.7 2150.1

　 　



- 30 -

3.3. Color measurements

The L*, a*, b* and E△ values for the six groups are shown in Table 4, 5, 6
and 7. There was no significant difference on L*, a* and b* values among the six
groups at the baseline (p>0.05). In the final bleaching, the a* value of Group A
and B showed significant difference (p<0.05) except of the L* and b* value.
Paired t-tests showed significant difference in color values of enamel before and
after bleaching in all the groups (p<0.05). Results of the study from CIELab color
parameters are shown : improvement of lightness ( L△ *), reduction of redness (△
a*), reduction of yellowness ( b△ *), overall color change ( E).△
Comparison of the L*, a* and b* values in six bleaching groups from baseline

to 1 day revealed showed obvious changes. Mean changes of L△ *, a△ * and b△ *

according to HP concentration are shown in Table 8. Comparisons between the
groups showed significantly different values for means in L* (p<0.05), while
others parameters were not significant different (p>0.05).
Thus, there was no significant difference between control groups and DCPD /

HP groups.
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Table 4. Mean of L* values baseline and after bleaching treatments

Values are reported as the Mean ± Standard deviation.
1p-values are determined by paired t-test and denote the significance between
baseline and final bleaching.
2p-values are determined by one-way ANOVA and denote the significance among
A1, A2 and A3 groups.
3p-values are determined by one-way ANOVA and denote the significance among
B1, B2 and B3 groups.

　 　 　 　 　
　 　 　 L*　 　 　

Group baseline 1 day 7 days 14 days P1

A1 49.0 ± 1.0 60.4 ± 0.6 0.000
A2 50.1 ± 1.3 61.3 ± 0.8 0.000
A3 48.7 ± 2.2 60.3 ± 1.9 0.000
P2 0.437 0.434 　 　 　
B1 50.3 ± 2.0 57.1 ± 0.7 57.8 ± 0.8 60.6 ± 0.4 0.000
B2 51.4 ± 0.7 53.5 ± 0.7 56.2 ± 2.3 59.9 ± 1.0 0.000
B3 49.7 ± 1.6 55.1 ± 2.7 57.7 ± 2.6 60.6 ± 0.8 0.000
P3 0.445 0.432 0.462 0.428 　
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Table 5. Mean of a* values baseline and after bleaching treatments

Values are reported as the Mean ± Standard deviation.
1p-values are determined by paired t-test and denote the significance between
baseline and final bleaching.
2p-values are determined by one-way ANOVA and denote the significance among
A1, A2 and A3 groups.
3p-values are determined by one-way ANOVA and denote the significance among
B1, B2 and B3 groups.

　 　 　 　 　 　

　 　 a*　 　 　

Group baseline 1 day 7 days 14 days p1

A1 -0.5 ± 1.0 -1.2 ± 1.3a 0.012

A2 -0.1 ± 1.4 -0.5 ± 1.8b 0.025

A3 0.2 ± 1.2 -0.9 ± 1.7b 0.014

p2 0.241 0.018 　 　 　

B1 0.2 ± 1.6 -2.6 ± 0.2a -2.3 ± 0.2a -2.9 ± 0.1a 0.000

B2 0.1 ± 0.2 -1.4 ± 0.6b -2.1 ± 0.4ab -2.5 ± 0.2ab 0.001

B3 0.1 ± 0.2 -1.6 ± 0.4b -0.6 ± 2.0b -2.1 ± 0.4ab 0.000

p3 0.450 0.025 0.020 0.022 　
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Table 6. Mean of b* values baseline and after bleaching treatments

Values are reported as the Mean ± Standard deviation.
1p-values are determined by paired t-test and denote the significance between
baseline and final bleaching.
2p-values are determined by one-way ANOVA and denote the significance among
A1, A2 and A3 groups.
3p-values are determined by one-way ANOVA and denote the significance among
B1, B2 and B3 groups.

　 　 　 　 　 　

Group　
　 　 b　 * 　 　

baseline 1 day 7 days 14 days p1

A1 4.0 ± 0.9 -0.3 ± 1.8 0.009

A2 3.2 ± 0.8 -0.6 ± 2.3 0.034

A3 5.1 ± 0.7 -1.5 ± 1.7 0.005

p2 0.053 0.061

B1 5.1 ± 1.1 -1.6 ± 0.2a -1.4 ± 0.1a -1.6 ± 0.2 0.000

B2 4.4 ± 0.5 -0.2 ± 0.9b -0.1 ± 0.7b -0.2 ± 0.3 0.000

B3 5.0 ± 1.0 -0.2 ± 0.8b -1.0 ± 0.4a -0.2 ± 0.5 0.000

p3 0.082 0.008 0.002 0.361 　
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Table 7. Mean of E values after bleaching treatments△

Values are reported as the Mean ± Standard deviation.
1p-values are determined by one-way ANOVA and denote the significance among
A1, A2 and A3 groups.
2p-values are determined by one-way ANOVA and denote the significance among
B1, B2 and B3 groups.

　 　 　 　
　 E△ 　

Group 1 day 7 days 14 days
A1 10.7 ± 1.0

A2 10.8 ± 1.1

A3 11.2 ± 0.7

p1 0.061 　 　

B1 9.5 ± 1.0b 9.7 ± 1.3b 12.3 ± 1.5b

B2 4.9 ± 7.1a 6.4 ± 1.7a 9.9 ± 0.6a

B3 9.1 ± 2.5b 9.4 ± 1.2b 11.6 ± 0.6b

p2 0.001 0.008　 0.001
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Table 8. Mean changes of L△ *, a△ * and b△ * according to HP concentration

p-values were determined by t-test.
1Denote the significance between Group A and B of the L△ * values (p<0.05).
2Denote the significance between Group A and B of the a△ * values (p<0.05).
3Denote the significance between Group A and B of the b△ * values (p<0.05).

Group L△ * p1 a△ * p2 b△ * p3

A1 11.4
0.000

-0.7
0.068

-4.37
0.170

B1 10.3 -3.1 -7.0
A2 11.2

0.000
-0.4

0.320
-3.8

0.692
B2 8.5 -2.6 -4.6
A3 11.6

0.005
-1.1

0.363
-6.6

0.171
B3 10.9 -2.2 -5.2
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3.4. Microhardness measurements

The average microhardness and standard deviation values for enamel before
and after treatment with DCPD / HP solutions are in Table 9, 10 and Figure 5.
There was no statistically significant difference among the groups at baseline
(p>0.05). Paired t-test showed significant difference (p<0.05) in mean
microhardness values of enamel before and final bleaching in all the groups.
However, the DCPD concentration increased in the bleaching agents,

microhardness values less decreased (A3, B3). Group A1 showed the lowest
microhardness values (287.3 VHN) than that of Groups A2, A3, B1, B2 and B3.
In Group A, on the 1 day was statistical difference of microhardness values

(p<0.05). In Group B, statistical difference of microhardness were verified
baseline, 7 days, 14 days (Table 9). On the 1 day, microhardness values were
similarly decreased at the Groups B1, B2 and B3. However, on the 7th and 14th
days were statistical difference of microhardness values (p<0.05).
The PML of six groups are shown in Table 10. Statistical analyses showed

that in Group A1 and B1, A2 and B2 microhardness values were significant
difference (p=0.000), while Groups A3 and B3 revealed no significant difference
(p=0.720).
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Table 9. Mean values (SD) of baseline and after surface microhardness measurements
for the six groups

Values are reported as the Mean ± Standard deviation.
1p-values are determined by paired t-test and denote the significance between
baseline and final bleaching.
2p-values are determined by one-way ANOVA and denote the significance among
A1, A2 and A3 groups.
3p-values are determined by one-way ANOVA and denote the significance among
B1, B2 and B3 groups.

Group baseline　 1day 7days 14 days p1

A1 329.8 ± 6.9 287.3 ± 5.4a 0.000

A2 331.2 ± 3.7 305.9 ± 6.9b 0.000

A3 332.3 ± 3.8 316.9 ± 8.1c 0.000

p2 0.387 0.000 　 　 　

B1 331.6 ± 5.6 322.1 ± 6.2 304.9 ± 5.1a 293.7 ± 7.2a 0.000

B2 329.8 ± 3.7 324.1 ± 4.6 316.7 ± 4.9b 301.5 ± 6.4b 0.000

B3 324.6 ± 6.5 318.1 ± 7.2 312.0 ± 6.4b 307.7 ± 5.3b 0.000

p3 0.225 0.102 0.009 0.000 　
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Figure 5. Changes of enamel surface microhardness (VHN) of Group A and B.
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Table 10. Mean values of the percentage of microhardness loss (%) according to
concentration

p-values are determined by t-test.

Group PML (%) p
A1 12.9 0.000B1 11.4
A2 7.6 0.000B2 8.6
A3 4.6 0.720B3 5.2
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3.5. SEM analysis

Representative SEM micrographs are shown in Figure 6 and 7. Control groups
showed increased surface porosities and erosion-like patterns around the enamel
prisms after bleaching. Under higher magnification, the nanocrystals in rods and
interrods became distinguishable from each other. Distinct variations of
morphology were observed on the enamel surfaces of the groups treated with
DCPD / HP compared to the control group.
The surface morphologic changes in Group A2, A3, B2, and B3 were distinct

than those of the Group A1 and B1. Prism cores were eroded, surface fracture,
cross-striation was apparent, and striae of Retzius were observed. No special
alteration was found on the enamel surface in Group A3 compare with those
previous study of natural enamel surface treated. A smooth, flat and polished
surface was observed.
Enamel surface morphology changes were more prominent in Group A than

Group B. With increasing DCPD concentrations, defective enamel surfaces
became filled with a crystal. The substantial finding in this study was that DCPD
contained groups did not significantly change the enamel surface morphology.
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Figure 6. Field emission-SEM photographs of enamel specimens after bleaching
with the following groups; (A1) Control, 35 % HP, (A2) 0.1 g DCPD /
35 % HP, (A3) 1 g DCPD / 35 % HP.
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Figure 7. Field emission-SEM photographs of enamel specimens after bleaching
with the following groups: (B1) Control, 3.5 % HP, (B2) 0.1 g DCPD /
3.5 % HP, (B3) 1 g DCPD / 3.5 % HP.
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3.6. EDX analysis

The experimental data obtained by EDX for all groups after bleaching
regarding wt % of Ca, P, and O are displayed in Table 11, Figure 8-9. In DCPD
/ HP groups, the amount of Ca and P ion found on the surfaces increased with
increasing DCPD concentration in the tooth bleaching agent (p<0.05). With
increasing DCPD concentrations, Ca ions more increased than P ions. The Group
A1 showed the lower contents of Ca and P than that of Groups A2, A3, B1, B2
and B3.
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Figure 8. Energy-dispersive X-ray spectroscopy (EDX) photographs of enamel
specimens after bleaching of Group A.
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Figure 9. Energy-dispersive X-ray spectroscopy (EDX) photographs of enamel
specimens after bleaching of Group B.
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Table 11. Contents of calcium, phosphate and oxygen in enamel surface post
bleaching

Values are reported as the Mean ± Standard deviation.
1p-values were determined by one-way ANOVA (p<0.05).

Group Ca (wt%) P (wt%) O (wt%)

A1 40.43 ± 6.2a 18.69 ± 1.6a 35.76 ± 3.2d

A2 50.39 ± 3.9d 20.11 ± 1.8c 29.49 ± 4.5b

A3 53.74 ± 2.4e 21.05 ± 1.3d 25.21 ± 2.5a

B1 43.52 ± 3.7b 19.08 ± 3.5b 37.40 ± 2.1e

B2 46.83 ± 5.3c 19.93 ± 3.1bc 33.90 ± 3.6c

B3 50.21 ± 2.9d 20.52 ± 2.1cd 29.37 ± 3.2b

p1 0.001 0.001 0.001
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. DISCUSSIONⅣ

Dental enamel is the most highly mineralized and hardest biological tissue.
Enamel is the most dense, the mineral or inorganic phase content amounting to
about 95 wt% (87 vol%). It is well known that mature human dental enamel
crystals are carbonate-containing HA.48 DCPD has been known as a precursor
phase to HA in the remineralization process. Therefore, DCPD often coexists
with HA in the dental hard tissues and interacts with saliva in the oral cavity at
the same time.38

With increasing DCPD concentration, the pH values in the bleaching agents
increased, making it less acidic. This can be explained by the increased
supersaturation in the tooth bleaching agent containing DCPD. The low pH of
some of the peroxide treatments caused severe changes in enamel topography,
particularly the products with very low pH values.49 Low pH was probably the
primary cause of demineralization.21 The demineralization process of enamel
began when the pH fell below 5.5.50 However, high concentrations of peroxide
are also capable of causing enamel surface alterations, despite having close to
neutral pH.21 These results were also confirmed in a previous investigation.
The enamel dissolved at low pH because the calcium and phosphate activities

in solution were insufficient to maintain a stable enamel mineral phase.51 The
dissolution well continue until pH and calcium and phosphate activities reach
levels where the enamel minerals are stable again. The extent of dissolution
depends on a number of factors, such as the pH, the amounts and types of
acids produced, and the ionic activities of calcium and phosphate. Note that as
the DCPD concentration increased in the bleaching agents, the concentrations of
Ca and P ions increased.
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Thus, higher pH values may reduce the demineralization effects of acidic HP.
In the present study, with increasing pH value, the microhardness values
increased, making it less demineralized enamel surface.
The spectophotometric / colorimetric method based on the CIELab system is

recognized as a reliable and objective tool for quantitative evaluation of vital
tooth color change.52 The change in color of the enamel specimens in the all
groups showed an increase in white (L*), a decrease in red (a*) and yellow (b*).
The directional change of these parameters confirm that tooth whitening has
occurs. These results are in agreement with other studies, which found the L*

and b* pre-treatment colorimental results were shown to be affected by
bleaching procedures.53-55 However, these studies did not find any significant
difference in the a* values. The fact that the a* values after bleaching and one
month later went from positive to minus values means that the redness changed
to greenness, which could be due to the fact that tea was used to discolor the
teeth.56 The reduction in redness (a*) represents, in a minor extent, a color
improvement, once that the reduction in b* occurs more rapidly and to a great
extent, agreed with the results of the current study.57 Additionally, the fact that
the changes that occurred at the a* values of Group A were vary small
compared with the changes to the Group B values could be the reason for the
different results of the studies performed under different protocols. After the
conversion of the mean E values of all specimens to NBS units, it was△
determined that clinically detectable color changes occurred for all groups.
Several authors have shown that color differences greater than 1 E unit are△

visually detectable by 50 % of human observers, although E values less than△
3.3 are considered clinically insignificant.58 Most Importantly, the data indicate
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that the addition of DCPD did not influence the whitening efficacy of the
bleaching agent negatively.
This study showed that the whitening effect of DCPD / HP agents were

similar to that of HP alone. Group A bleaching agents were clearly more
efficient than Group B agents, based on the times of application.
The mean Vikers microhardness values for enamel before and after bleaching

for the all groups showed a tendency to decrease the microhardness. However,
the DCPD concentration increased in the bleaching, microhardness values less
decreased (Group A3, B3). in contrast to the study by Polydorou and others,
where bleaching with different concentration of bleaching agent resulted in no
significant difference enamel microhardness values.41-43 Other studies have
reported significant changes in surface microhardness after bleaching. In the
results of the current study, which is in agreement with Pinto and others, who
reported that bleaching could significantly decrease enamel microhardness during
in vitro treatments.22,24 The variability of hardness loss in different studies was
contributed to factors including the test methods, the immersion media and
exposure time.
The initial mean Vikers microhardness values for the six groups ranged from

324 to 332 VHN for the enamel. The decreased microhardness in all group after
bleaching were 5 ~ 12 % reduction in microhardness. Previous investigations
reported 12 ~ 40 % microhardness losses on 10 % CP treated enamel using a
hardness test.23 The degree of demineralization change caused by the bleaching
agents was related to their concentration and the pH value. In regard to the
results about microhardness, the decreasing degree of microhardness was
significantly greater in the group where a high-dose tooth bleaching agents were
included as compared with the group B where a low-dose tooth bleaching agents
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were included. 10 % CP is equivalent to about 3.5 % HP. Because the HP
content of 3.5 % HP is almost 10 times lower than 35 % HP. Although,
therefore, a decrease in microhardness is associated with bleaching no definite
relationship has been established here between the percentage decrease in
microhardness with the percentage increase in HP concentration of the bleaching
agent.
In this study, we found that the group DCPD / HP was still slight reduction in

enamel microhardness. However, the oxidation of enamel protein may also result
in change of the mechanical properties. A recent study proved that not only the
carbamide peroxide, but also other ingredients of bleaching gels, such as the
thickening agent carbopol and glycerine may contribute to microhardness loss of
bleached enamel.59

However, the Group A3 that had 1 g DCPD in the agents showed less
significantly loss of hardness than the control group. DCPD seemed to enhance
the microhardness of the enamel surface because the samples in that group
were piled up with calcium and phosphate. Previously reported work to
investigate the demineralization effects of bleaching agents on tooth structures
has primarily used microhardness technique. Traditionally, microhardness changes
are related to a loss or gain of mineral (demineralization or remineralization) of
the dental structure.60 An increase of microhardness was observed in the fourth
week due to exposure to carbamide peroxide could be moderated or controlled
through concomitant exposure to saliva.61

Scanning electron microscopy (SEM) is a rapid and convenient method for
qualitatively analysing the surface morphology of enamel and dentin specimens
following bleaching.62 Control groups showed increased surface porosities and
erosion-like patterns around the enamel prisms after bleaching. As in the current
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study, Several other studies have reported morphological changes including
pitting, waviness and increased surface roughness. Tao et al. observed that the
30 % HP solution resulted obvious variation of enamel surface morphology.22 Oltu
and Gurgan, in 2000, showed structural alterations after the use of 35 % CP.63

Titley et al, in 1988, demonstrated that after exposure to 35 % HP for 1, 3, 5,
10, 20 and 60 min, structural enamel alterations became more severe.64 Türkun
et al, in 2002, observed through SEM an increase in surface porosity and erosive
surface defects, immediately after bleaching procedure.65 These results support
the current findings. In contrast, Gultz et al., in 1999, found no structural
alterations in enamel exposed to 35 % CP for 2h or 35 % HP for 20 min.43

The observations underline the findings mentioned above, that HP in
combination with DCPD seems to affect the enamel surface more less than
control group. The specimens treated with DCPD bleaching agents in this study
showed only minor erosive patterns and crystal deposition on enamel surfaces.
It was suggested that morphological change of enamel is due to the

demineralization caused by acidic HP, while microhardness loss to the combined
effects of demineralization and destruction of organic matter by HP. Since the
period for rehardening of enamel after application of bleaching agents seems to
be extensively long, this might result in an increased susceptibility to surface
abrasion.23 These erosive lesions are susceptible a consequence of acid attacks
and abrasion such as tooth brushing in vivo which may lead to irreversible
surface loss.66 However these alterations were reversed within 3 months following
treatment.65

DCPD dentifrices increase the activities of Ca and P in the plaque fluid,
which might increase the driving force for remineralization. The Ca activities
remained elevated even 12 hrs after the last treatment.67 Studies in vitro have
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shown that some treatment, including the amorphous calcium phosphate (ACP),
can be shown to produce deposite on the dentin surface and or within the
tubules or reduce dentin permeability.
The hydrogen peroxide can promote chemical alterations in the composition of

the tooth, reducing in quantity of calcium and phosphate in enamel and
dentin.68,69 Studies of tooth mineral release due to exposure to extrinsic agents
including HP and acidic carbonated beverages have been carried out. Calcium
and phosphorus are present in the hydroxyapatite crystal, the main building block
of dental hard tissues. Changes in the Ca / P ratio indicate alterations in the
inorganic components of HA.67

The EDX analysis showed that the release of Ca and P ions increased with
increasing DCPD concentrations. In addition, the release of C and P ions
increased with increasing hydrogen peroxide concentrations. Mineral loss values
obtained in this study are in correlation with Tao et al's study.22 The release of
Ca ions was consistently greater than release of phosphorous ions at all HP
concentrations, for both enamel and dentin.14 Potocnik and Gaspersic70 using
electron probe microanalysis showed lowered concentrations of Ca and P and
with mean Ca / P value of all bleached samples decreasing after bleaching with
10 % CP. Lee et al.71 investigated mineral loss from bovine enamel by the 30 %
HP solution. They reported a decrease in Ca / P ratio of bleached enamel. The
liner relationship between the decrease in enamel hardness and Ca and P loss
shows that hardness measurements can be used as an indication of the degree
of enamel mineralization, which relates to enamel caries.72 Therefore, the
remineralization supplement either during or after bleaching is considered
beneficial for preventing enamel demineralization.



- 53 -

The demineralization process begins with the loss of mineral from the surface
apatite crystals. Under normal circumstances, this loss of calcium (demineralization)
is compensated by the uptakes of calcium (remineralization) from the tooth's
microenvironment. This dynamic process of demineralization and remineralization
takes place more and less continually and equally in a favorable oral
environment. In an unfavorable environment, the remineralization rate does not
sufficiently neutralize the rate of demineralization, and thus caries occurs. Also,
during decalcification calcium ions have preferentially been removed from areas
under the surface, creating an artificial lesion. Demineralization, or loss of
mineral content from the outer tooth structure, alters enamel microhardness.72

Huseyin et al.74 found that 35 % HP with light and 38 % HP, may cause
significantly more loss of Ca2+ from the enamel surfaces than 10 % CP. 10 % CP
does not vary significantly from the control. This result corresponds the current
study. Calcium phosphate is the main inorganic component of the tooth, calcium
phosphate minerals are ideal candidates for obstructing dentin tubules and
reducing sensitivity. High concentrations of Ca and P were used to increase the
diffusion rates of the ions and, hence, the remineralization rates.46 Bleaching
agents containing of 1 g DCPD were more assessible for ion diffusion and,
therefore, should be more susceptible to rapid remineralization.
Other factors that may contribute to the discrepancy in results among

previous studies may be both the duration or storage medium of the post
bleaching period before testing. Some in vitro studies used artificial saliva or
fluoride products between of after the treatments, for these elements are known
to be an important factor to simulate clinical situations. However, the aim of this
study was to investigate the protective effects of DCPD on the enamel surface
subjected to HP. This study did not involve these elements in order to prevent
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the influences of any other remineralization factors except DCPD. Nevertheless,
it is necessary to involve these factors in the future studies to investigate the
beneficial effects of DCPD under typical clinical conditions.
In the current study, regarding the hypothesis about tooth whitening, a null

hypothesis was accepted because there was no significant difference in the tooth
whitening between tooth bleaching agents with DCPD and those without it.
Besides, regarding the hypothesis about enamel surface properties, there was a
positive effect in tooth bleaching agents with DCPD. Accordingly, a null
hypothesis was rejected.
In this study, the experimental results suggest that DCPD / HP agent less

demineralization changes such as the erosion morphology and hardness loss
without compromising whitening efficiency.
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. CONCLUSIONⅤ

The present study examined the changes in pH, color, microhardness, and
surface morphology and mineral composition of enamel surface treated with
different bleaching agents that either contained or did not contain DCPD.

1. The tooth bleaching agents with DCPD showed a significant increase in pH as
compared with the ones without DCPD in the group A (p<0.05). In the group B,
however, there was no statistically significant difference (p>0.05).

2. As the concentration of DCPD was increased, the concentration of Ca and P
was also increased. The ratio of Ca/P was found to be approximately 1.1 ~ 1.2.

3. In all groups, after the tooth whitening, the tooth color was found to have a
value of L* which was significantly increased, while that of a* and b* were
significantly decreased as compared with the ones that were seen prior to the
tooth whitening (p<0.05).

4. In all groups, the hardness of tooth after bleaching showed a significant
decrease in the microhardness as compared with the one prior to tooth bleaching
(p<0.05). In both group A and B, however, as DCPD content was increased, the
decreasing degree of microhardness was found to be smaller in the experimental
group as compared with the control group.
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5. Following an analysis of the characteristics of enamel surface after bleaching,
there were porosity and erosion in the control group. In the groups where the
amount of DCPD was the greatest, however, there was no surface change.

6. Following an analysis of the constituents of enamel surface after bleaching, as
DCPD content was increased, the amount of Ca and P was significantly increased
(p<0.05).

Based on the above results, tooth bleaching agents of 35 % and 3.5 % of HP
containing DCPD are equally effective to the control group. By raising the pH
and thereby effectively reducing the decalcification of tooth surface, a lower
degree of the effects are given to the surface characteristics and constituent
alterations of enamel. Thus, the commercial availability can be achieved for the
constituents of tooth whitening materials.
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ABSTRACT (IN KOREAN)
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