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Abstract: Bleaching of tooth discolorations became more attractive with the increasing importance of aesthetics.
Therefore, in recent years, bleaching treatment has become one of the fastest-growing parts of aesthetic dentistry.
Bleaching can generally be carried out with hydrogen peroxide or carbamide peroxide both at-home and in-office.
Bleaching systems have been offered to the public as a more conservative and economical approach for improving
dental appearance. However, the dental profession should maintain high ethical standards and not recommend
cosmetic adjustments to the tooth color to suit the patient’s demand. Therefore, in this article, vital tooth whitening
applications are discussed.
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1. Introduction

Cosmetic dentistry is a very important part of dental restorative applications. Nowadays, individuals are
not only content with healthy teeth but also want to have a perfect smile (Joiner, 2004). With the increase
in aesthetic concerns, individuals often apply to dental clinics for a whiter smile. The majority of these
individuals are not satisfied with the color of their teeth, and whiter teeth are thought to be related to
health and beauty and are preferred. In a study of patient satisfaction with their tooth color, researchers
reported indifference up to 50%, 30% were dissatisfied, and 10% were very dissatisfied with their tooth
color (Odioso et al., 2000). Composite resin and porcelain veneers, crowns, composite resin restorations,
mechanical abrasion, and bleaching are among the preferred treatments for tooth discoloration. In a
survey conducted by Clinical Research Associates, 91% of dentists reported that they used bleaching
treatment in their clinics with a success rate of 79% (Christensen and Christensen, 1995). Furthermore, it
has been reported that some of the adolescents aged between 14 and 19 have bleached their teeth and
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have the idea of having bleaching again (Boeira et al., 2016). Vital bleaching procedures for the treatment
of discoloration are a more conservative and cost-effective approach compared to restorative treatments
(Barghi, 1998; Dutra et al.,, 2004). Bleaching treatment can be carried out by the dentist in-office or at-
home by the patient under the control of the dentist (Haywood, 1992; Haywood and Heymann, 1989;
Sulieman et al., 2005). High concentrations of hydrogen peroxide or carbamide peroxide are used to
provide fast, safe and very effective bleaching in-office (Garber, 1997; Haywood, 1992; Lee et al.,, 1995;
Sulieman et al., 2003).

2. Discoloration

Tooth discolorations are categorized as extrinsic and intrinsic discolorations according to their origin (Nathoo,
1997; Watts and Addy, 2001; Zantner et al.,, 2006). Extrinsic discoloration is caused by the consumption
of chromogenic foods and beverages, tobacco products, medicaments such as chlorhexidine (Haywood
and Heymann, 1989; Watts and Addy, 2001). Acquired pellicle is a formation that is prone to discoloration
(Viscio et al., 2000), and extrinsic discolorations are often observed in areas adjacent to gingival margins
and interdental papillae, which are difficult to reach by insufficient brushing (Freedman et al., 2012).
Therefore, while scaling and polishing treatments remove most of the extrinsic discolorations (Walsh,
2000; Yap and Wattanapayungkul, 2002), bleaching treatments are applied to remove stubborn stains
(Duckworth, 2006; Joiner et al., 2002).

Intrinsic discoloration is caused by the passage of chromogenic substances into the enamel and dentin
tissue during odontogenesis or during tooth eruption (Swift and Perdigao, 1998; Watts and Addy, 2001).
Dental fluorosis due to the high levels of fluoride exposure, the use of tetracycline antibiotics, hereditary
diseases and traumas affecting tooth development are among the main causes. After the eruption, pulp
necrosis, discoloration due to some restorative materials and iatrogenesis are also considered in this
category. Thereby, intrinsic discolorations can occur for many different reasons and are also divided into
two according to the formation period: pre-eruptive and post-eruptive intrinsic discolorations.

2.1. Pre-Eruptive Intrinsic Discoloration

Dental Fluorosis

Dental fluorosis is characterized by a high concentration of fluoride exposure to enamel during tooth
development, resulting in decreased mineral content and consequently increased porosity on the enamel
surface. Dental fluorosis can be in forms ranging from a white cloudy manifestation to a discolored
perforation. The severity of dental fluorosis varies depending on the period of exposure and intensity of
the fluoride. Today, Thylstrup and Fejerskov (TF) index is used in the classification and treatment planning
of dental fluorosis (Sherwood, 2010; Thylstrup and Fejerskov, 1978). The extent of the dental fluorosis is
classified from 1 to 6 according to the TF index. Patients with a TF score of 3 or less may be treated with
bleaching to mask the localized, chalky appearance of fluorosis with no cavitation. Thus, the surrounding
healthy enamel is bleached and localized fluorosis is rendered relatively vague. However, in cases where
enamel loss is evident, TF score 4 and above, resin infiltration or other restorative treatment options
should be considered (Akpata, 2001).
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Antibiotics

The most common antibiotic-related tooth discoloration is due to tetracycline. Tetracycline interacts with
the calcium at hydroxyapatite crystals and forms a tetracycline-calcium phosphate complex. The oxidation
of tetracycline molecules in the tetracycline-calcium phosphate complex results in tetracycline-induced
tooth discoloration (Azer et al., 2011). Clinically, teeth with tetracycline discoloration may present light
yellow to dark gray colored bands (Haywood, 1991). These bands indicate the period of tooth development
corresponding to tetracycline exposure. Bluish-grayish bands may be observed in the discoloration of
minocycline, a derivative of tetracycline. Minocycline discoloration can be misdiagnosed with pulpal
hemorrhages in severe discoloration cases (Sanchez et al., 2004).

Tetracycline can cross the placenta barrier and therefore affect both primary and permanent dentition.
Discoloration in permanent teeth is less intense but more common compared to primary teeth. Tetracycline
exposure, even as short as 3 days, may cause tooth discoloration from intrauterine 4th month to 9 years
old (Sanchez et al., 2004). Yellowish-brown discolorations can be treated more successfully than gray-
bluish discolorations in terms of bleaching treatment (Freedman et al., 2012; Haywood, 1991; Haywood,
2000). In addition, selective etching of brown discoloration bands before the bleaching may increase the
effectiveness (Freedman et al,, 2012).

Some researchers have reported amoxycillin-clavulanic acid-related tooth discoloration and stated that
this coloration is dose dependent (Garcia-Lopez et al., 2001).

2.2, Post-Eruptive Intrinsic Discoloration

Post-traumatic pulpal hemorrhage is the most common cause of post-eruptive intrinsic discoloration.
Blood enters the dentin tubules and decomposes so that the degradation products cause discoloration.
Pulp extirpation or necrosis can also lead to the formation of chromogenic degradation products (Arens,
1989). In addition, the physiological abrasion of the enamel together with the increase in secondary dentin
and dentin sclerosis due to aging, affect the light transmittance of the tooth, thereby the tooth appears
more yellow (Watts and Addy, 2001).

3. History of The Tooth Bleaching

Whiter teeth have been people’s quest for ages. The first record for tooth bleaching is based on
Assyro-Babylonian (Akkadian) cuneiform tablets (Aschheim, 2014). Since the beginning of the 19th
century, dentists have begun to perform cosmetic procedures such as bleaching and tooth contouring.
However, during these periods, bleaching was controversial among dentists due to its technical
sensitivity and the poor prognosis of the whitening effect. In the second half of the 19th century
oxalic acid was used to whiten vital teeth (Haywood, 1992). From the beginning of the 20th century,
oxalic acid was replaced by pyrozone (ether peroxide) (Atkinson, 1892) and hydrogen peroxide as
an oxidizing agent. Initially, hydrogen peroxide was administered to patients in liquid form (Fisher,
1911). In 1990, hydrogen peroxide was made available to dentists in gel form (Bartlett, 2001) and it
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was applied in a much safer way. Nowadays, hydrogen peroxide used for in-office bleaching approach
is presents in gel and powder-liquid forms with concentrations ranging from 25% to 40% (Haywood,
2000; Ontiveros, 2011).

4. Mechanism of Bleaching

In recent years, hydrogen peroxide and carbamide peroxide have been used as bleaching agents.
Carbamide peroxide can be used in different concentrations. Bleaching with carbamide peroxide
is different from hydrogen peroxide bleaching. First, the carbamide peroxide disintegrates into
hydrogen peroxide and urea (Joiner, 2004). Carbamide peroxide with the concentration of 10%
disintegrates into 6.6% urea and 3.4% hydrogen peroxide. Then, urea is broken down into carbon
dioxide and ammonia.

Hydrogen peroxide can be used in different concentrations. Although it is known that hydrogen peroxide
is easily diffused through enamel due to its lower molecular weight, it is not known exactly how it whitens
teeth (Bowles and Ugwuneri, 1987). According to the chemical theory explaining the bleaching reaction
of hydrogen peroxide, active hydrogen peroxide disintegrates into water (H,0) and oxygen (O,) and
perhydroxyl radicals (HO,). Bleaching is also known as an oxidation-reduction reaction. Peroxides are
converted to unstable free radicals (Hannig et al., 2003; Kashima-Tanaka et al., 2003). The free radicals
formed as a result of the decomposition of hydrogen peroxide, diffuse into the interprismatic regions of
the enamel and carry the small molecules that it detaches from large organic molecules to the surface
due to its foaming properties. These free radicals react with organic molecules causing discoloration and
result in simple molecules that reflect less light (Sulieman, 2004).

Another theory for the mechanism of the peroxide reaction is carbon-carbon bond cleavage causing
the ring-opening of the chromophores. Yellow double-bonded carbon compounds are converted to
almost colorless hydroxyl compounds (Haywood, 2001). Studies have shown that hydrogen peroxide
modifies these long-chained chromophores to more translucent molecules and provides bleaching in
tooth discoloration. Chromophores are divided into two: long-chain organic compounds with double
bonds and metal-containing compounds. Bleaching of organic compounds with hydrogen peroxide
involves oxidation of double bonds. This causes the simpler molecules to reflect less light, making the
darker regions lighter. Bleaching of the metallic compounds is more difficult, hence invasive restorative
treatments may be a better treatment option for such teeth (Carey, 2014).

As the bleaching process continues, a point is reached where only hydrophilic colorless structures remain.
This point is called the saturation point and bleaching slows down at this point. If the bleaching is further
continued, the carbon-containing dental tissues and the carbon bonds of the proteins are destroyed.
At this stage, excessive bleaching disrupts tooth enamel without whitening and results in irreversible
alterations on the enamel structure and mineral loss (Vilhena et al., 2019).
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5. Composition of Bleaching Agents

The current bleaching materials contain hydrogen peroxide or carbamide peroxide as the active ingredient
(Joiner, 2004; Joiner and Thakker, 2004). Along with the active ingredient, inactive ingredients, such as
thickening agents, carriers, surfactants and pigment dispersants, preservatives, and flavorings are also
present in bleaching materials (Gokay, 2005; Greenwall, 2001; Hannig et al., 2003; Joiner and Thakker,
2004; Kashima-Tanaka et al., 2003).

Thickening Agents

The most commonly used thickening agent in bleaching gels is carbopol (carboxypolymethylene), which
is a high molecular weight polyacrylic acid polymer (Joshi, 2016). Thickening agents increase the viscosity
of the bleaching material and increase its retention to the applied surface. On the other hand, it slows
the release of active oxygen in hydrogen peroxide up to four times (Rodrigues et al., 2007), reducing the
need for replacement of the bleaching material during the process (Gokay et al.,, 2005; Greenwall, 2001;
Joiner and Thakker, 2004).

Carriers

Glycerin and propylene glycol are generally used in bleaching gels (Joshi, 2016). Glycerin increases the
viscosity of the bleaching material and provides ease of use, but causes dehydration (Greenwall, 2001).
Dehydration results in a temporary loss of tooth translucency. Propylene glycol does not cause dehydration
and retains moisture. It also contributes to the dissolution of other ingredients in the bleaching material
(Joiner and Thakker, 2004).

Surfactants and Pigment Dispersants

Surfactants as surface wetting agents provide a much better spread of bleaching material to the tooth
surface (Feinman et al.,, 1991). Therefore, surfactant agents increase the effectiveness of the bleaching
material (Gerlach et al.,, 2002). Pigment dispersants also keep pigments to remain in the bleaching gel
(Algahtani, 2014).

Preservatives

Various preservatives are used in the composition of bleaching materials. Sodium benzoate and methyl
propyl paraben are added to prevent bacterial growth in the bleaching gel (Joiner and Thakker, 2004).
On the other hand, preservatives such as citric acid, citroxain, phosphoric acids or sodium stannate also
prevent the breakdown of hydrogen peroxide, until its use. These preservatives increase the stability and
durability of the bleaching gel while keeping the pH of the gel mildly acidic (Joshi, 2016).

Flavorings

Flavorings such as banana, melon, peppermint are added to increase patient acceptance of the bleaching
material (Algahtani, 2014; Joiner and Thakker, 2004).
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Additives

Various substances are added to the bleaching materials to eliminate the side effects of the bleaching
treatment (Sulieman, 2008).

Amorphous Calcium Phosphate-Casein Phosphopeptide

Amorphous calcium phosphate-casein phosphopeptide (ACP-CPP) provides rapid desensitization by
causing depletion of phosphate and calcium ions to exposed dentin tubules (Giniger et al., 2005). It has
been reported that the incorporation of ACP-CPP into the bleaching gel significantly reduces sensitivity
and increases bleaching efficiency (Joshi, 2016).

Fluoride

It is known that fluoride blocks the dentin tubules and relieves sensitivity by decelerating the dentinal fluid
flow (Petersson, 2013). Fluoride also enhances the microhardness of enamel (Attin et al., 2007; Basting et
al,, 2003) and hence fluoride-containing bleaching gels have been reported to cause less demineralization
without affecting the bleaching efficiency (Chen et al., 2008). Furthermore, in 2013, the present author
reported that fluoride pretreatment before 35% hydrogen peroxide bleaching resulted in lower surface
roughness compared to no fluoride-treated controls (Sismanoglu et al., 2013). It has also been reported
that the fluoride incorporated into the bleaching gel positively contributes to the consequent restorative
treatments regarding the bond strength (Chuang et al., 2009).

Potassium Nitrate

Potassium nitrate shows an anesthetic-like effect by preventing the repolarization of the depolarized
nerve (Poulsen et al.,, 2006; Tarbet et al,, 1981). This reduces post-operative sensitivity without altering
the bleaching effect. Matis et al., (2007) stated that ACP-CPP-containing bleaching gel provides similar
sensitivity reduction with potassium nitrate-containing bleaching gel, but showed less bleaching effect.
It has been reported to be effective even in light-activated bleaching (Browning et al., 2008; Haywood
et al., 2001; Tam, 2001).

6. Patient Selection

Almost every patient may desire whiter teeth, but in each case, the aesthetic expectations of the patient
may not be adequately met or there is no guarantee that successful results would be achieved (Joshi,
2016). The indications for bleaching at-home and in-office are basically the same, but the clinician should
decide the appropriate approach by the patient’s needs (Sulieman, 2008). The patient’s expectations,
lifestyle, the amount of time can be allocated for bleaching treatment, dental sensitivity, baseline shade,
and etiology of the discoloration are important factors in choosing the appropriate bleaching approach
for the patient (Sulieman, 2005). In the presence of caries, periapical lesion or hypersensitivity, priority
should be given to remedy these problems rather than bleaching (Sulieman, 2004). Furthermore, bleaching
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is contraindicated in pregnancy, since the effects of bleaching materials on the fetus are still unknown
(Sulieman, 2005). The indications and contraindications of vital tooth bleaching are presented in Table 1.

Clinical trials, case reports, systematic reviews, and clinical experience provide the clinician with information
on which discoloration would respond to bleaching treatment (Joiner and Thakker, 2004; Sulieman, 2004,
2005). Yellow-toned teeth, which generally do not have developmental pathology, can be effectively
bleached, whereas brown stains may be more stubborn. For instance, brown stains caused by tobacco
consumption generally respond to longer bleaching regimes (Kugel et al., 2002). In addition, there is also
a relationship between sclera and shade of teeth. If the teeth to be bleached are lighter than the sclera,
bleaching success would be less (Greenwall, 2001). It has not been established that gender affects the
bleaching outcome (Gerlach and Zhou, 2001), but effective bleaching is achieved for younger individuals
compared to older ones (Joshi, 2016). Although white fluorosis spots are not suitable for bleaching, they
become less pronounced as a result of bleaching the surrounding enamel (Haywood, 2000; Sulieman, 2004).
More interventional restorative or resin infiltration treatments should be considered for individuals with
moderate to severe fluorosis. Moreover, bleaching of extensive tetracycline discoloration is quite difficult
and may require the application of months-long bleaching regimens (Haywood, 2000; Sulieman, 2004).
Therefore, direct or indirect restorative treatments are preferred to cover tetracycline discoloration bands.

7. Types of Vital Teeth Bleaching

Treatment of discolorations begins with the removal of extrinsic stains by polishing until then the bleaching
can be performed. There are basically three different bleaching approaches: in-office or power bleaching
(Feinman et al,, 1987), at-home or dentist-supervised nightguard vital tooth bleaching (Haywood and
Heymann, 1989), and bleaching with the over-the-counter (OTC) products (Kihn, 2007; Sagel et al., 2000).
Bleaching systems and materials can be classified according to the active ingredient, and the application/
delivery method. The American Academy of Cosmetic Dentistry classifies bleaching systems according
to their application/delivery methods (Joshi, 2016).

Whitening Toothpaste

These toothpastes contain higher amounts of abrasive particles and detergents than whitening agents
compared to the standard toothpastes and remove extrinsic stains on the tooth surface (Lima et al., 2008).
The enzymes contained in their chemical formulae cause the decomposition of organic molecules in the
pellicle. It should not be ignored that abrasive particles can cause a permanent loss of enamel on tooth
surfaces (Joiner et al., 2008). Some toothpastes may contain relatively low concentrations of carbamide
peroxide or hydrogen peroxide as a whitening agents instead of abrasive particles. The whitening agent
must be kept separate from dentifrice until its use to keep the agent stable. Dual-chambered tube
technology enables this separation. It is stated that tooth color can be bleached one to two shades
with whitening toothpastes. In addition, a silica toothpaste containing blue covarine has attracted great
attention in recent years. With this toothpaste, which is a good example of the adaptation of metamerism
to dentistry, teeth are perceived as whiter.
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Whitening Mouthwashes

The whitening mouthwashes contain a low concentration of hydrogen peroxide (2%) and sodium
hexametaphosphate to prevent tooth discoloration. Prolonged use may irritate the oral mucosa and
tooth sensitivity (Carey, 2014).

Whitening Strips

Recently, whitening strips are developed to make the bleaching gel easier to apply as an alternative to
other bleaching systems (Algahtani, 2014; Sagel et al., 2000). These bleaching strips contain 150-200
mg of bleaching gel homogeneously distributed on the surface of flexible polyethylene material. The
concentration of hydrogen peroxide ranges from 5.3% to 6.5% (Donly et al., 2007), and patients are
advised to use this system for 30 minutes twice a day for 14 days long. Bleaching strips are very popular
because they are easy to apply, cost-effective and have a considerable bleaching effect (Algahtani, 2014;
Gerlach and Barker, 2004).

Paint-on Systems

These products are based on the application of a suspension containing hydrogen peroxide or carbamide
peroxide to the tooth surface with a brush (Kishta-Derani et al., 2007). However, their bleaching activity is
considerably low. This is most likely due to the short contact time of the bleaching agent (Lo et al., 2007).

Tray-Based Tooth Whiteners

These whitening products are offered directly to the consumer without any control of the dentist, such as
other cosmetic products. OCT products appeared in the United States in the early 2000s. These products
whiten teeth at lower costs than professional treatments (Demarco et al., 2009). However, these products
are generally dispersed by standard/uniform trays and can cause gingival irritation because they are
applied without custom fitting trays (Demarco et al., 2009).

At-Home Bleaching (Nightguard Vital Tooth Bleaching)

Although the bleaching effect of carbamide peroxide was discovered randomly in the late 1960s by B.
Klusemeir, an orthodontist (Joshi, 2016), the nightguard vital tooth bleaching approach at home was
first described in 1989 by Haywood and Heymann (1989). Although this method has undergone many
changes to date, it is essential that bleaching agents containing carbamide peroxide are used for 2 to 6
weeks in custom fitting trays for a period of 6 to 8 hours a day.

Usually, 10-15% carbamide peroxide is recommended for this bleaching technique. The bleaching materials
are in the form of a transparent gel or white pat. Carbopol-containing bleaching materials are preferred
because carbopol increases viscosity and prolongs the oxidation process (Gokay et al., 2005; Greenwall,
2001; Joiner and Thakker, 2004; Rodrigues et al.,, 2007). The 10% carbamide peroxide agent is composed
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of 3.5% hydrogen peroxide and 6.5% urea. The presence of urea gives the agent a longer shelf life and
slows the release of hydrogen peroxide. Many studies have shown that it is safe and effective to perform
bleaching agents containing carbamide peroxide in accordance with dentist recommendations (Haywood
and Heymann, 1991). However, patients’ cooperation on long-term tray usage is poor.

In-Office Bleaching

For in-office bleaching, hydrogen peroxide is generally used in concentrations ranging from 25% to
40%. The bleaching process is completely under the control of the dentist and can be stopped when the
desired shade is reached. Hydrogen peroxide is a material with caustic effects and therefore protective
measures such as rubber-dam or gingival barrier should be taken during its application (Sulieman, 2008).
Penetration of hydrogen peroxide to the pulp chamber is also possible, but considering its long-term
effect, it does not cause any adverse effects on the pulp (McEvoy, 1995).

The in-office bleaching approach can be used in patients who do not have enough time for the at-
home bleaching approach, who have gag reflexes or who do not like the taste of home bleaching gels.
Another advantage is that the immediate results obtained for the in-office bleaching motivate the patient
to continue with bleaching at-home to maximize the outcome. Therefore, the in-office bleaching was
frequently combined with at-home bleaching.

The bleaching process can be activated with the help of heat and light to increase the speed and
effectiveness of the bleaching treatment. Hence, in-office bleaching approach is also called as “power
bleaching”. Nowadays, heat application has been abandoned due to possible harmful effects on pulp.
Manufacturers produce many light devices specific to tooth bleaching. With the help of these devices, the
disintegration ratio of hydrogen peroxide increases and the decomposition of chromophore molecules
through oxidation is accelerated, thereby the time required for bleaching is decreased. One of the uses
of lasers in dentistry is tooth bleaching. The most commonly used lasers in this field are diode, CO, and
argon lasers. Using photons of a specific wavelength close to the absorption spectrum of the bleaching
agent (480 nm and 520 nm) would increase the chemical reaction rate and reduce the bleaching time
(Downs et al,, 2011). Torres et al. (2009) reported that the laser activates highly reactive hydrogen peroxide
molecules, enabling them to rapidly ionize.

The most used power bleaching sets include hydrogen peroxide gel, light-cured gingival barrier material,
neutralizing gel and/or neutral fluoride gel. Although the use of rubber-dam is recommended for the
isolation of soft tissues, gingival barriers are frequently used in the power bleaching process as the rubber-
dam may cause application problems at the gingival third of the teeth. Following the application of the
gingival barrier, the hydrogen peroxide gel is applied to the surfaces to be bleached according to the
manufacturer’s instructions forming approximately 3-mm thick layer (Figure 1). Although the process varies
from brand to brand, it is usually repeated 3 times in about 10-15 minutes. Each repetition is termed as
“passes” (Joshi, 2016). After each passes, the whitening gel is cleaned over the teeth with suctioning and
wiping using clean gauze. If the bleaching gel leaks despite the gingival barrier and comes into contact
with soft tissues during bleaching, it may cause blanching and irritation. If this happens, the irritated area
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should be washed with plenty of water and the neutralizing agent supplied with the bleaching kit should
be applied. Generally, these neutralizing agents include vitamin E, which is an antioxidant. The bleaching
process can be resumed after the reapplication of the gingival barrier.

All bleaching agents that are not at neutral pH reduce the microhardness and modulus of elasticity and
increase the surface roughness of the enamel. This increase in roughness creates a favorable environment
for extrinsic discoloration (Azer et al.,, 2009; Pinto et al., 2004). Therefore, bleached enamel surfaces should
be polished. Subsequent to bleaching, a neutral fluoride gel can be applied to teeth. It is noteworthy,
the teeth appear lighter than it is due to the postbleaching dehydration, and slight rebound occurs on
rehydration. This should be considered by the clinician, and color evaluation should be better after 1-2
days (Haywood, 1996).

Combination Treatments

The combined use of both in-office bleaching and at-home bleaching approaches is often preferred by
dentists. Especially in the treatment of tetracycline discolorations or cases of discoloration with different
etiology, such an application provides successful results. Patient cooperation is another important factor
in the success of bleaching treatment (Odioso et al., 2000). In particular, for the patients with weak
motivation, initiating the bleaching treatment with in-office bleaching before at-home bleaching would
increase the motivation towards treatment and affect their cooperation positively.

Another combination is the use of whitening toothpaste after bleaching treatments. Such a combination
would be useful to prevent as much of the rebounds as possible after bleaching to maintain color stability.

8. Adverse Effects of The Bleaching

The most common side effects of tooth bleaching are recurrence of the discoloration, hypersensitivity,
irritation of gingival tissue and oral tissues, alterations on enamel and restorative material surfaces (Li
and Greenwall, 2013). Apart from these, tray-based tooth whiteners without dentist orientation may also
cause temporomandibular joint problems (Gerlach et al., 2009).

8.1. Recurrence of The Discoloration

To assess and understand the reversal of the whitening effect, patients’ tooth shade should be recorded
before the bleaching process. According to all clinical and laboratory research results, tooth bleaching is
effective and safe with the latest generation of vital whitening products (Li, 2003; Luk et al., 2004). Reversal
after in-office bleaching has been reported at a rate of 41% per year according to Clinical Research Associates
(2004). For at-home bleaching, a return of 26% in 18 months and stated that the original concentration
of bleaching agent is not relevant to the reversal rate (Meireles et al., 2009).

After the completion of in-office bleaching or after the removal of the tray at at-home bleaching,
patients often notice a large bleaching effect due to the effect of dehydration. It is better to perform
the final color evaluation 1-2 days after bleaching (Haywood, 1996). To prevent reversal, it may be
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advisable to use whitening toothpastes, and it may be recommended for patients to undergo annual
at-home bleaching.

All bleaching agents result in a reduction in enamel microhardness and modulus of elasticity after
bleaching and result in surface roughness. This increase in roughness creates an environment conducive
to extrinsic coloration (Azer et al., 2009; Pinto et al., 2004). Therefore, after whitening, tooth surfaces
should be polished.

8.2. Hypersensitivity

Hypersensitivity is the most commonly reported adverse effect of bleaching. The frequency of
hypersensitivity observed in patients using 10% carbamide peroxide is ranging between 11 to 93%
(Leonard et al., 2002) and the average initial reporting time of hypersensitivity is after 5 days (Tam,
1999). This side effect is usually mild and temporary pain; often causes significant discomfort in
the patient (Rosenstiel et al., 1996). The cause of sensitivity after bleaching is explained by different
mechanisms such as hydrodynamic theory or morphological changes in enamel (increased surface
porosity, precipitation, superficial irregularities). However, recent studies have indicated that direct
activation of neuronal receptors may be the main reason for the occurrence of this sensitivity. It has
been reported that with the addition of agents, which inhibit the activation of neuronal receptors such
as potassium nitrate to the bleaching materials, it is possible to reduce the severity of this sensitivity
without resulting in a decrease in bleaching efficiency (Markowitz, 2010). Potassium nitrate, sodium
fluoride or ACP-CPP can be incorporated into bleaching materials as desensitizing agents or applied
to the tooth surface prior to bleaching (Tay et al., 2009).

8.3. Alteration on The Enamel Surface

Micro- and nano-mechanical investigations have shown that bleaching agents reduce enamel hardness,
modulus of elasticity and fracture resistance. This decrease occurs regardless of peroxide concentration,
pH or exposure time (De Abreu et al., 2011). Therefore, the decrease in stiffness and modulus of elasticity
is thought to be due to the protein denaturation (Ushigome et al., 2009). In a study, it was stated that
carbamide peroxide causes more protein denaturation compared to hydrogen peroxide and urea content
in carbamide peroxide may cause this situation (Elfallah et al., 2015). Besides, it is reported that the mineral
loss as a result of bleaching does not cause harm to the tooth (Goo et al.,, 2004). Furthermore, mineral
loss due to 12-hour bleaching treatment is similar to mineral loss caused by a few minutes of soft drink
or juice exposure (Lee et al.,, 2006). When these studies are taken into consideration, alterations caused
by bleaching in the enamel can be considered insignificant (Algahtani, 2014).

Each tooth has its final level of lightness, which is called “inherent lightness potential” (Matis et al., 2000).
This point represents the endpoint of the bleaching process for that tooth. If bleaching is continued
after this point, no more whiteness can be achieved, besides irreversible damage to the enamel may
occur. Studies have reported that this endpoint can be reached regardless of the active ingredient and
concentration used for bleaching over 6 weeks.
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In some studies, whitening products have been reported to increase surface alterations in enamel. When
compared with untreated control groups, the bleached enamel surface undergoes morphological changes
(Algahtani, 2014). However, these changes have been reported to be reversible (Demarco et al., 2011). After
bleaching, dentists advise their patients, especially against smoking and some chromogenic beverages
(Cavalli et al,, 2004; McGuckin et al,, 1992; Titley et al., 1988). Coffee, tea, fruit juices, red wine, and sodas
are chromogen beverages that have the potential to stain or discolor the bleached enamel surface. The
bleached enamel surface may be very sensitive to discoloration, especially in acidic solutions (Berger
et al,, 2008). Mouth rinsing or brushing can be performed immediately after the consumption of foods
and beverages to prevent discoloration. Patients can use straws while consuming beverages. In patients
who smoke and drink beverages that cause the excessive coloration, it may be necessary to repeat the
whitening process very often.

8.4. Effects on Pulp Tissue

The risk of dentin pulp complex being affected by dental materials depends on the permeability of the
components of these products through enamel and dentin (Hanks et al., 1993). The diffusion of H,0,
has been shown to increase with increasing concentration and duration of administration (Matis et al.,
2000). H,0,-induced free radicals cause oxidative stress in pulp cells. As a result, further tissue damage is
prevented by releasing endogenous antioxidant agents such as peroxidase and catalase from pulp cells
(de Souza Costa et al., 2010). Although the cytotoxic effect of H,0, on the pulp is proven, pulpal cells are
sufficient to eliminate this effect and initiate odontoblastic differentiation (Soares et al., 2015; de Souza
Costa et al,, 2010).

8.5. Soft Tissue Effects

The contact of bleaching agents with oral tissues causes chemical burns. If this contact is short-term, it is
seen as whitening of the tissue and this whiteness disappears within a few hours. Ulceration may occur
for longer periods of contact. In such cases, topical vitamin E administration should be recommended
to accelerate healing (Li and Greenwall, 2013).

8.6. Effects on Restorative Materials

In most of the studies in the literature, composite resins have been investigated as restorative materials. In
a laboratory study, a 3-week application of 10% carbamide peroxide has been shown to alter the surface
roughness of composite resins (Basting et al., 2005). However, surface microhardness was not significantly
changed (Basting et al. 2005). In situ studies also showed no change in surface microhardness as a result
of the application of 15% carbamide peroxide to composite resins for 4 weeks (Li et al., 2009; Yu et al.,
2008). In fact, the bleaching of these composite resins have also been observed (Li et al,, 2009). The authors
commented that this bleaching may be related to surface changes and oxidation of chromophores. On
the other hand, in another laboratory study, the effect of a 2-week administration of 10% carbamide
peroxide on the surface microhardness was examined under two different storage temperatures (Yu et
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al, 2011). No significant difference was observed in the surface microhardness for specimens stored at
room temperature (25°C), while a significant softening was observed for the specimens stored at body
temperature (37°C) (Yu et al., 2011).

There are several controversies among studies on subsurface microhardness. Yu et al., (2011) reported that
the subsurface microhardness of bleaching-induced composite resins was stable at different environment
temperatures. However, Hannig et al., reported that composite resin subsurface microhardness may be
affected up to 2-mm after bleaching (Hannig et al., 2007). Therefore, it is certain that further studies are
needed on this subject.

In many studies, it has been reported that application of carbamide peroxide does not cause adverse
effects on flexural strength and fracture toughness of composite resins (Cho et al., 2009; Hatanaka et al.,
2013; Yu et al., 2010). In addition, in-office bleaching with higher concentrations did not alter the tensile
bond strength of composite resins (Cullen et al,, 1993; Yap and Wattanapayungkul, 2002). As a result,
if bleaching treatment is applied in the presence of composite resin restorations, polishing of these
restorations after the treatment would be appropriate.

Bleaching treatment is known to cause the release of monomer and some other substances on dental
composites. Durner et al.,, (2011) reported that bleaching with hydrogen peroxide degrades three-
dimensional polymer networks in composites when compared to non-bleaching controls, leading to an
increase in the release of unpolymerized monomers and other substances.

According to the information obtained from laboratory studies, it has been shown that mercury release
is increased in dental amalgams in contact with carbamide peroxide. Bleaching agents have been shown
to improve the solubility of glass-ionomer and other cements (EI-Murr et al,, 2011; Yu et al., 2009; Yu et
al,, 2015). Polyacid modified resin-based composites, resin-modified glass-ionomer cements, and zinc-
oxide cements are exhibited increased softening and fluoride release in contact with high-concentration
bleaching agents. Moreover, cracks have also been reported in some studies (Yu et al., 2015).

The decrease in the bond strength of adhesive restorations after the application of hydrogen peroxide
has been proven by many researchers. The reason for this decrease is the changes in enamel structure,
inhibiting the infiltration of the resin by the breakdown of hydrogen peroxide and inhibiting the resin
polymerization (Cvitko et al., 1991; Garcia-Godoy et al,, 1993; Toko and Hisamitsu, 1993). It has been
reported that the resin tags in the bleached enamel are much shorter and fewer compared to the
unbleached controls (Titley et al., 1991). Therefore, it was stated that bond strength reduction reversed
if the procedure is delayed for 2 weeks (Da Silva Machado et al., 2007). Unlu et al., (2008) recommended
delayed bonding for at least 24 hours after bleaching with 10% carbamide peroxide and for at least 1
week with 35% hydrogen peroxide bleaching. However, many studies indicate that a 1-week delay is not
sufficient to obtain optimal bonding results (Bulut et al., 2006; Tiirkiin and Kaya, 2004; Turrkiin et al., 2009).
In addition, studies have reported that the use of a number of antioxidant agents (green tea extract,
sodium ascorbate) as a pretreatment to reverse decreased bond strength. However, according to current
knowledge, delayed bonding for 2 weeks seems to be a more appropriate option.
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Bleaching-induced composite resins were found to be more susceptible to extrinsic discoloration due to
the surface softening (Yu et al., 2009). Furthermore, it has been reported that 10% carbamide peroxide

can remove extrinsic stainings such as juice, tea, and chlorhexidine on the composite resin surface (Fay
etal., 1999).

Table 1. Indications and contraindications of vital tooth bleaching (Sulieman, 2008)

Indications Contraindications

Generalized staining Higher patient expectation
Age-related discoloration Caries and periapical lesion

Smoking and dietary discoloration Pregnancy

Fluorosis Cracks and exposed dentine, sensitivity
Tetracycline staining Existing crowns or large restorations
Trauma-related discoloration Elderly patients with visible recession

Figure 1. The bleaching gel applied to vestibular toot surfaces approximately 3-mm in thickness

Y

9. Considerations

Patients are often eager for other aesthetic dental or orthodontic procedures after tooth bleaching.
However, as mentioned earlier, the bond strength of adhesive restorations or brackets is low in bleached
teeth (Garcia-Godoy et al., 1993; Toko and Hisamitsu, 1993). Although different methods have been
tried to prevent this decrease in bond strength; the most commonly used method is delay bonding



JOURNAL OF HEALTH SCIENCES
A. J. Health Sci.

of adhesive treatments after bleaching (Da Silva Machado et al.,, 2007). Lai et al., (2002) showed that
the decrease in bond strength of composite resins after tooth bleaching can be reversed by the use
of antioxidants. Ascorbic acid and its salts are products of low toxicity and used as antioxidants in the
food industry. Ascorbic acid has a mean pH of 4, while sodium ascorbate has a pH of 7. Therefore,
sodium ascorbate is a more suitable product for dental applications (Hansen et al., 2014; Vohra and
Kasah, 2014). In addition, it has been shown that 5 minutes of application is sufficient for its antioxidant
effect (Freire et al., 2009). However, the delayed bonding option is still the best choice if the patient
does not have time constraints.

Light activation in combination with the in-office bleaching approach is a controversial topic in the
literature. In recent systematic review and meta-analysis studies, the effect of light activation with in-
office bleaching on the effectiveness of bleaching and tooth sensitivity was evaluated (Bernardon et al.,
2010; Buchalla and Attin, 2007; He et al., 2012). In these studies, it was reported that light activation does
not contribute to bleaching efficiency. Contrarily, increased tooth sensitivity and potential pulp irritation
with the combination of light activation and use of high concentrations of hydrogen peroxide (25-35%)
was reported (He et al,, 2012).

In-office bleaching usually takes two or three sessions for effective and stable results. It is known that
clinicians prefer to leave a gap of 1 week between sessions. Although this is not evidence-based, it is a
common choice to reduce tooth sensitivity and prevent pulp damage. According to a recent study on
this subject, it was found that there was no significant difference between 2-days and 7-days of waiting
periods in terms of tooth sensitivity and bleaching efficiency (De Paula et al.,, 2015). Thereby, it is a safe
way to wait at least 2 days between consecutive bleaching sessions.

Conclusion

Tooth bleaching combines both aesthetic and conservative approaches for the removal of tooth
discoloration. Both the knowledge and experience of the clinician are critical for a thorough understanding
of the etiology of discoloration and the selection of the proper bleaching approach. Successful
treatment of these discolorations would increase patient satisfaction and motivation. However, the
dental profession should maintain high ethical standards and not recommend cosmetic adjustments
to suit the patient’s demand.
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