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ABSTRACT

GOKCEK E. Evaluation the Effect of Hydrogen Peroxide Whitening Agents with
Different Chemical Contents on Shear Bond Strength to Enamel. Yeditepe
University Institute of Health Sciences, Master Thesis, Istanbul.

The Purpose: The aim of this study is to investigate the effect of whitening agents
containing n-HAp and the post-whitening waiting period on enamel bond strength.
Material & Methods: A total of 75 bovine teeth were used for this study. These samples
were divided into two main groups based on the type of whitening agent used (n=30).
Biowhiten Power HP with 40% HP containing n-HAp (Turkey) and Whiteness HP with
35% HP (FGM, Brazil) were selected as the whitening agents. Subsequently, the samples
were further divided into two subgroups (n=15) to evaluate the waiting period of 1 or 7
days in artificial saliva at 37°C. A control group with the same sample size as the
subgroups was also established. No whitening was performed on the control group, and
the samples were kept in artificial saliva for 7 days after preparation. After completing
the waiting period, the samples underwent the bonding procedure, and after 24 hours of
storage in distilled water at 37°C, they were subjected to the shear bond strength (SBS)
test.

Results: The shear bond strength of the control group was found to be higher than that of
all other groups (p< 0.005). The shear bond strength of the samples subjected to a 7-day
waiting period is higher than that of the samples left for one day (p< 0.005). Among the
samples subjected to a 7-day waiting period, the shear bond strength of the samples
whitened with Biowhiten 40% HP whitening agent containing n-HAp is higher than the
shear bond strength of the samples whitened with Whiteness 35% HP (p< 0.005). Among
the samples subjected to a 1-day waiting period, the shear bond strength of the samples
whitened with Biowhiten 40% HP (n-HAp) is higher than the shear bond strength of the
samples whitened with Whiteness 35% HP (p< 0.005).

Conclusion: It was concluded that in-office whitening reduces enamel bond strength.
One of the recommended methods to increase bond strength is the waiting period. It has
been determined that waiting periods of 1 day and 7 days after whitening are not sufficient
to achieve ideal bond strength. Our study suggests that whitening agents containing n-
HAp have a less negative impact on enamel bonding. While our study sheds light on the
effect of n-HAp-containing whitening agents on enamel bond strength, further research

on this topic is needed.



Key Words: In- Office bleaching, Waiting period, Shear bond strength,
Nanohydroxyapatite.
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OZET

GOKCEK E. Farkh Kimyasal Iceriklere Sahip Hidrojen Peroksit Beyazlatma
Ajanlarimin Minedeki Baglanma Dayamimina Etkisi. Yeditepe Universitesi Saglhk
Bilimleri Enstitiisii, Master Tezi, Istanbul.

Amag: Bu ¢alismanin amaci n-HAP igeren beyazlatma ajanlarinin ve beyazlatma sonrasi

bekleme siiresinin baglanma dayanimina etkisini arastirmaktir

Gerec ve Yontemler: Bu ¢alisma i¢in toplam 75 adet sigir disi kullanilmistir. Bu 6rnekler
kullanilan beyazlatma ajaninin tiiriine gore 2 ana gruba ayrilmistir (n=30). Beyazlatma
ajan1 olarak icerisinde n-HAp bulunduran Biowhiten Power HP 40% HP (Turkey) ile
Whiteness HP 35% HP (FGM, Brazil) secilmistir. Daha sonra 6rnekle 37 °C yapay
tilkiiriikte 1 veya 7 giin bekleme siiresini degerlendirmek icin iki alt gruba ayrilmigtir
(n=15). Alt gruplarla ayn1 6rneklem sayisina sahip bir kontrol grubu olusturulmustur.
Kontrol grubuna beyazlatma yapilmamistir ve 6rnekler hazirlandiktan sonra 7 giin yapay
tikiiriikte bekletilmistir. Bekleme siiresini tamamlayan ornekler bonding prosediiriine
tabii tutulup 24 saat 37 °C distile suda bekletildikten sonra SBS (shear bond strength)

testine tabii tutulmustur.

Bulgular: Kontrol grubunun baglanma dayanimi tiim gruplarinkinden yiiksek
bulunmustur (p<0.005). Yedi giin bekleme siiresine tabii tutulan 6rneklerin baglanma
dayanimi bir giin bekletilen 6rneklerinkinden yiiksektir (p<0.005). 7 giin bekleme
stiresine tabii tutulan 6rnekler arasinda; igerisinde n-HAp bulunduran Biowhiten 40% HP
beyazlatma ajaniyla beyazlatilan 6rneklerin baglanma dayanimi, Whiteness 35% HP ile
beyazlatilan 6rneklerin baglanma dayanimindan yiiksektir (p<0.005). 1 giin bekleme
siiresine tabii tutulan Ornekler arasinda; igerisinde Biowhiten 40% HP (n-HAp)
beyazlatma ajaniyla beyazlatilan 6rneklerin baglanma dayanimi, Whiteness 35% HP ile

beyazlatilan 6rneklerin baglanma dayanimindan yiiksektir.

Sonug: Ofis tipi beyazlatmanin mine baglanma dayanimini azaltti§i ortaya ¢ikmistir.
Baglanma dayanimimi arttirmak i¢in Onerilen yontemlerden biri bekleme siiresidir.
Beyazlatma sonras1 1 giin ve 7 giin bekleme siiresinin ideal baglanmayi saglamak
amaciyla yeterli olmadigi ortaya ¢ikmistir. Calismamizda igerisinde n-HAp bulunduran
beyazlatma ajanlarinin mineye baglanmaktaki negatif etkisinin daha az oldugu ortaya
atilmistir.  Calismamiz n-HAP igeren beyazlatma ajanlarinin minedeki baglanma

dayanimina etkisine 1s1k tutsa da bu konuyla alakali daha fazla caligmaya ihtiya¢ vardir.
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Anahtar Kelimeler: Ofis tipi beyazlatma, Bekleme siiresi, Makaslama baglanma

dayanimi, Nanohidroksiapatit.
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1 INTRODUCTION and PURPOSE

Aesthetic dentistry has envolved considerably in recent times. Discolored, damaged
or misaligned teeth are no longer tolerated by patients, who increasingly desire to have
the perfect smile. The smile has become a symbol of beauty, health and indicator of one’s

self esteem (1).

Previous studies have shown that whitening agents adversely decrease the shear
bond strength of composite to enamel when bonding is performed immediately after the
bleaching process. It is reported that the decrease of the bond strength is related to the
presence of residual oxygen in the interprismatic space, wich prevents the adequate
infiltration of the adhesive and its polymerization. At the same time, mineral dissolution
from the enamel surface after bleaching, increase in enamel roughness and decrease in
enamel hardness also reduce the bond strength to the enamel surface (2,3). The general
approach to solve this situation is to delay the restorative procedures from 24 h to 3 weeks.
A waiting period may not always be possible for many reasons such as lack of time,
traveling commitments, personal occasion or aesthetics reasons due to the difference in

color between the old restoration and tooth(4,5).

In recent years it has been concluded that the effect of whitening agents on enamel
surface adversely affects bond strength. Many agents, such as antioxidants and
nanaohydroxyapatite pastes, have emerged to restore the enamel surface (6). Further
studies are needed to reveal the effect of Biowhiten, which is a new whitening agent and
contains nanohydroxyapatite crystals unlike others, on the enamel bond strength. Unlike
other studies, a new Turkish brand whitening agent used in this study, which has been

studied in this way

The aim of the present study is to determine the effect of the whitening agent
containing nanohydroxyapatite crystals on the enamel surface and the change in shear
bond strength; these effects will be compared with the bleaching agent with other content

in this study. Another purpose is to determine the ideal waiting time after bleaching.



2 LITERATURE REVIEW

2.1 History of Bleaching

In 1877, Chapple performed the first whitening process using oxalic acid. In 1879,
Taft and Atkinson suggested chlorine as a whitening agent, moreover; Rossental proposed
that ultraviolet waves could aid in the whitening process in 1911 (7). During the First
World War, the effects of carbamide peroxide (CP), used in the treatment of acute
necrotizing ulcerative gingivitis (ANUG), on tooth structure were discovered (8). Abbot
pioneered the combined use of superoxol with heat and light in 1918. In 1970, Cohen
suggested that 35% hydrogen peroxide could be used to bleach teeth with tetracycline
discoloration. Zaragoza performed whitening with light activation using 70% hydrogen
peroxide in 1984 (7). Towards the end of the 1980s, as people's desire to have perfect and
white teeth increased, many more office and over-the-counter whitening products were
introduced into the market (9). Klusmier discovered that an inflamed periodontium occurs
after orthodontic treatment and introduced the concept of using carbamide peroxide gel
to treat periodontal tissues. Thanks to this concept, it was accidentally discovered that
peroxide had a lightening effect on enamel (9). Furthermore in 1989, Haywood and
Heymann introduced the vital teeth whitening technique with night guard. In this
technique, they introduced a system where the patient can perform the whitening process

at home using a device similar to a night guard using 10% carbamide peroxide gel (10,11).

Whitening is the process of lightening the color of the tooth by oxidation of the
pigments in the organic part of the enamel and dentin tissues using a chemical agent.
Organic compounds called chromophores create the color of the tooth. These compounds
form long-chain organic compounds by containing single and double bonds, heterotoms,
carbonyl and phenyl rings in their structures. During bleaching process, the double bonds
in the structure of the chromophore are opened. At this time, long chains are broken or
some parts of the chain are oxidized. By opening the double bonds, smaller molecules are
obtained. Since these molecules cannot reflect light, the teeth begin to appear in a lighter

tone. (12)

2.2 Reasons of Bleaching to be Preferred in Aesthetic Dentistry

Due to humanity's intense interest in aesthetics in the 21st century, the demand for
aesthetic dentistry has also increased. This high rated demand has contributed to the
development of aesthetic dentistry. Patients increasingly desire a perfect smile instead of

discolored, damaged or misaligned teeth (13). Nowadays, smile is a symbol of beauty and
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health. Moreover, it has also become an indicator of one's self-respect. For this reason,
while restorating teeth, scientists have begun to develope minimally invasive approachs;
rather than solutions that can cause more damage to the tooth, such as crown restorations

(14).

2.3 Contents of Whitening Agents

Whitening products contain active ingredients, carriers, thickening agents, urea,
surface moisturizers, preservatives and sweetening agents. Hydrogen peroxide as an
active ingredient, glycerin as a carrier, and carbopol as a thickener are among the
substances that can be used (15). In addition, by adding nano additives and alternative
carrier substances to some new whitening agents, promising results have been achieved
in terms of both accelerating whitening and minimizing reversible or irreversible damage

to enamel.

Urea is found in saliva and gingival crevicular fluid and is produced naturally in
the human body and has an anticariogenic effect. It is also included in whitening agents
considering its effects on wound healing and saliva stimulation. It also stabilizes hydrogen

peroxide and increases pH (16).

Surface moisturizers and carbapol enable hydrogen peroxide to penetrate the tooth

surface more easily (16).

All whitening agents contain preservatives. Sodium stannate, citric acid,
phosphoric acid are some of these preservatives. Thanks to these preservatives, metals
such as magnesium, iron and copper cannot break down hydrogen peroxide. Thus,

stabilization of the whitening gel is ensured (16).

2.3.1 Carbamide Peroxide
Carbamide peroxide is a stable structural complex. It reacts with water and breaks
down into its active components. Since it is structurally stable, it deteriorates slowly. This

creates a long-term active whitening process (17).

Moreover it is found in many home whitening products at a rate of 10% (18). In
terms of whitening efficiency 10% carbamide peroxide is equivalent to 3.4% hydrogen
peroxide. The main basis of the whitening reaction of carbamide peroxide is its reduction
to hydrogen peroxide. In this reaction, urea, ammonia, carbonic acid and carbon dioxide

are released as additional products to hydrogen peroxide. As a result, hydrogen peroxide



is ionized and decomposed into water and oxygen. Thanks to the oxygen released, the
color of the tooth becomes lighter (19). Whitening products containing carbamide
peroxide generally contain carbopol and glycerin. Since they slow down the release of

hydrogen peroxide, a long-term whitening process is created (20).

2.3.2 Hydrogen Peroxide

According to the chemical theory explaining the whitening reaction of hydrogen
peroxide, active hydrogen peroxide breaks down into water (H>O) and reactive oxygen
(02), and in a short period, free hydroxyl radicals (OH") are formed (21). It has high
solubility (22). As a result of the breakdown of hydrogen peroxide, the generated free
radicals diffuse into the interprismatic spaces of the enamel and carry small molecules
detached from large organic molecules to the surface due to their foaming property. These
free radicals react with organic molecules causing discoloration among inorganic salts in
the enamel. As a result, simpler molecules that reflect light less are formed (23). Oxygen
is released as a result of the breakdown of hydrogen peroxide. This released oxygen
penetrates the tooth and breaks down the colored pigments. Thus, the color of the tooth
lightens. When hydrogen peroxide is ionized, a higher amount of oxygen free radicals is

released, while a lower amount of HO> free radicals is formed (Figure 1) (24,16).
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Figure 1. Ionisaiton of hydrogen peroxide

down into water and reactive oxygen radicals during the reaction. It is a colorless liquid
with a bitter taste (24,16). It forms a solution with an acidic pH. The pH of the solution
varies with concentration (22). HP is present in various concentrations in many whitening

products, with the most commonly used concentrations being 30-35% (24,16).



Hydrogen peroxide ionizes only in the presence of catalysis and enzymes.
However, certain enzymes in the oral cavity act as defense mechanisms against oxygen

toxicity. Therefore, before whitening, teeth should be dry and cleaned (25,26).

The whitening process must be carried out using retractors and gum protectors as
hydrogen peroxide can cause irritation to soft tissues. Additionally, due to its caustic and

volatile effects, it should be stored in a cool environment +4 °C (26).

2.3.3 Other Agents

Other agents that do not contain hydrogen peroxide as an active ingredient often
use sodium perborate. These products directly generate free radicals during the whitening
reaction without converting to hydrogen peroxide. This allows the whitening process to

take place (16).

In order to prevent potential issues such as wear, demineralization, reduction in
hardness levels, and disruption in hydroxyapatite crystal structure that may occur in the
enamel after whitening, next-generation biological whitening products have been
introduced to the market. These products contain alkaline or neutral pH. For instance,
alkaline-hydrogen peroxide (a-HP) agents aim to minimize demineralization and wear
on the enamel surface. It has been revealed that nanohydroxyapatite (n-HAp) added to
biological whitening products contributes to the remineralization of tooth enamel and also

eliminates the sensitivity problem by filling microcracks and dentinal tubules (27).

2.4 Effect Mechanism of Whitening

Tooth whitening is a process where the color of the teeth is lightened through the
oxidation of pigments in the organic part of enamel and dentin tissues using a chemical
agent (12,28). The primary cause of color change in teeth is chromogens. The whitening
process is based on the chemical breakdown of the chromogen's structure. Chromogens
can be found in two forms: the first one is large organic compounds with double bonds,

and the second one is compounds containing metallic elements (29).

These compounds form long-chain organic molecules with single and double
bonds, heteroatoms, carbonyl, and phenyl rings in their structures. Whitening involves
the opening of double bonds in the chromophore's structure. During this process, long

chains break or some parts of the chain oxidize. The opening of double bonds results in



smaller molecules. These molecules, as they do not reflect light, cause the teeth to appear

in a lighter shade (12,28).

Whitening of chromophores containing metals is more challenging. Conversely,
oxygen radicals released by hydrogen peroxide react with chromophores composed of
organic compounds, causing oxidation. As a result, a lightening of the tooth color is

observed (29).

2.5 Features of Enamel

The enamel is the outermost and visible layer of the tooth, providing an aesthetic
appearance to the tooth. Originating from the ectodermal layer, the enamel tissue, created
by ameloblast cells, is known as the body's hardest layer (30). Ameloblast cells lose their
functional abilities after the completion of the formation of the tooth crown, preventing
enamel tissue from repairing itself (31). Its high degree of mineralization and a regular
crystal structure chemically make enamel the hardest tissue in the human body (30).
However, despite the high resistance of enamel to wear, it is known to have a brittle
structure. This is due to its low tensile strength (32). Enamel is composed of 95-98%
inorganic material by weight, 1-2% organic material, and 4% water. The physical and
chemical properties of enamel are closely linked to changes in its ionic structure. For
example, the presence of carbonate in enamel increases crystal dissolution, while the
inclusion of fluoride ions reduces dissolution (33). Tooth enamel consists of interlocking
enamel prisms. Apatite crystals provide durability to enamel prisms and contribute to their
structural identity. The fundamental component of the inorganic structure of enamel is
these hydroxyapatite crystals [Cajo(PO4)s(OH)2]. Enamel prisms are formed by the
assembly of approximately 1000 HAP crystals together (34). The chemical structure of
hydroxyapatite is composed of ions arranged along the long axis of crystals around the
C-axis of the hydroxyl column. The hydroxyl ion is surrounded by calcium ions (Ca II)
forming an equilateral triangle. Phosphate ions are also included in this structure by
forming another equilateral triangle at a 60-degree angle. Finally, this structure is
enveloped by calcium ions (Ca I) forming a hexagon. The crystalline structure arises from
the stacking of these hexagonal structures at a 60-degree angle with their neighbors
(Figure 2). The spaces between enamel prisms are wide, filled with a matrix consisting of
organic matter and water (35). Each crystal prism is surrounded by its sheath and has
interprismatic areas rich in an organic matrix. The cross-sectional profile of the prisms

can vary, appearing either circular or keyhole-shaped (Figure 3) (36).



Figure 2. Crystal structure of hydroxyapatite
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Figure 3. Keyhole shaped appearance of enamel prisms (37)

The structure of enamel prisms is responsible for the durability of enamel. In the
central region of the head of enamel prisms, the long axes of apatite crystals are nearly
parallel to the long axes of the enamel prisms. However, in the tail region, the crystals are
inclined at increasing angles (up to 65 degrees) to the prism axis (30). The arrangement
of crystal structures within prisms can make enamel tissue more sensitive or resistant to
acid attacks (38). During acid attacks, the dissolution process occurs in the head or central
part of the prism. While the tail region shows more resistance to acid attacks,
interprismatic areas and peripheral regions of the prisms can experience up to 50%

mineral loss (39).



The gaps between enamel prisms are referred to as pores. These pores give
permeability feature to enamel while also influencing its density and hardness
characteristics. When hydroxyapatite crystals start to dissolve due to acid attacks, the
crystal sizes decrease, and the sizes of micropores increase. This leads to an increase in

the porosity of enamel (40).

The organic structure of enamel consists of protein complexes, free amino acids,
and lipids. The organic structure of enamel contains 16 different amino acids, including
methionine and histidine. Enamelin and amelogenin in the protein structure are

responsible for the organization of the organic structure (41,42).

2.6 Features of Bovine Enamel

Bovine teeth have been reported to be a reliable alternative to human teeth in
experimental caries studies due to their morphological and histological similarity to
human teeth. They are easily obtainable, larger in size, have a much flatter and thicker
enamel surface compared to human tooth enamel, and exhibit a lower risk of decay
compared to the human oral cavity. Additionally, they do not undergo any trauma during
extraction, making them safely usable in experimental caries studies (43). When
evaluating research conducted on hard dental tissues, especially limited tissue surfaces
and thicknesses like enamel, similar results can be obtained through scientific studies
using both human and bovine teeth. It is crucial to consider the histological differences
between the two tissues, as they may play a role in the study outcomes. In a study
conducted by Lippert and colleagues in 2013, comparing bovine teeth and human teeth
enamel, they reported that the enamel of bovine teeth is more porous and has lower
surface hardness compared to human teeth enamel. When the crystal structure of enamel
is evaluated, there are some differences in the physical arrangement of prisms between
bovine enamel and human enamel. Histological sections obtained from bovine enamel
show larger crystallites, smaller prism diameters, and larger interprismatic areas
compared to human enamel, which, similar to human enamel, contains "fibril-like"
structures. In terms of elemental analysis, it is reported that bovine enamel has a higher
carbonate content and lower fluoride concentration compared to human enamel. Despite
the similarity in many histological structures with human enamel, the lower fluoride
concentration in bovine enamel is suggested to be one of the factors affecting the rate of
artificially induced demineralization lesions. The presence of F ions in polished bovine

enamel at concentrations of less than 30 ppm has been scientifically proven to accelerate



the formation of artificially induced demineralization lesions in bovine enamel by 1.4
times faster compared to healthy human enamel. In another study by the same researchers,
in line with the mentioned reasons, it was reported that the surface microhardness of

bovine enamel is less than that of human enamel (43,44).

2.7 Effects of Whitening Agents on Enamel

Whitening agents have been found to have various effects on enamel. One of these
effects is the reduction in hardness of enamel, making it more sensitive to deformation
and fractures. It has been observed that the Knoop hardness of enamel exposed to
whitening agents significantly decreases (45). During the whitening process, the
inorganic and organic components of enamel undergo oxidation reactions. This reaction
leads to changes in the morphology of the enamel. The development of surface porosities

and microcracks results in a decrease in hardness (46).

Potpcnick et al. reported in their study that the application of 10% carbamide
peroxide did not cause a change in enamel surface hardness, but the use of 30% hydrogen

peroxide resulted in a decrease in the surface hardness of both enamel and dentin (47).

McCracken and Haywood examined the impact of 10% carbamide peroxide on
enamel surfaces and demonstrated that it affected the outermost 25 pm layer of the enamel

(48).

Results from Scanning Electron Microscope (SEM) studies on the impact of
whitening on enamel surfaces vary significantly. Rotstein et al. in their studies where they
conducted histochemical analysis of enamel after whitening, reported a significant
decrease in the Ca/P ratio in enamel following hydrogen peroxide application and an

increase in Ca levels after carbamide peroxide application (49).

Another factor affecting the hardness of enamel after whitening is the pH of the
whitening agent used. Whitening agents with neutral or alkaline pH create less change in
enamel hardness compared to agents with acidic pH (50). In whitening performed using
a whitening agent containing 25% hydrogen peroxide with a pH of 3.2, it has been
observed that the decrease in enamel hardness is much greater than the reduction in
enamel hardness observed in whitening performed using a whitening agent containing
38% hydrogen peroxide with a pH of 6.7 (51). In a similar study, it was found that the

decreases in enamel hardness after treatments with two different whitening agents



containing 10% carbamide peroxide, with pH values of 6.79 and 6.23, were not
significantly pronounced (52). In an experiment conducted by S. Mundra and colleagues
in 2015 using bovine teeth, hydroxyapatite whitening agents with pH in the range of 2.7
to 3.9 showed 2-3 times more enamel surface loss and reduction in hardness compared to

hydroxyapatite agents with a neutral pH of 7.1 (53).

Araujo et al.'s research suggests that the reduction in enamel hardness after
whitening is independent of the activation method by light. Regardless of the type of light
used (LED, halogen, argon laser) or whether the agent is activated by light, a decrease of
5.81% in enamel hardness has been claimed. From this, it has been concluded that the
changes occurring in the enamel are based on oxidation reactions, and this is related to
the concentration and pH of the whitening agent (54). However, in another study,
whitening with 30% hydrogen peroxide using a diode laser observed more damage in the
enamel compared to whitening with 40% hydrogen peroxide without light activation.
Based on this observation, it is believed that light activation has a direct impact on mineral

loss in the enamel and damage to the interprismatic enamel (55).

In addition to these, the duration of application of the whitening agent also has an
impact on the microhardness changes in the enamel. As the application time increases,

the pH and concentration of the applied agent become more influential (56).

In another study, it was observed that some thickening agents used in whitening
agents have an impact on enamel microhardness. For example, carbopol, an acidic
component used as a thickening agent in whitening agents, is known to demineralize the
enamel surface and prevent hydroxyapatite formation due to its high calcium-binding

capacity (57).

While some in vitro studies indicate the formation of cracks, grooves, and
porosities on the enamel surface following the whitening process, most in vivo studies
suggest that effects that could increase external discoloration on the enamel surface after
whitening are not significantly present (51). The pH and concentration of the agent, like
their effect on enamel hardness, also lead to surface roughness in the enamel. As the
concentration of the agent increases and the pH decreases, the surface roughness on the

enamel increases.
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Bleaching agents used in teeth whitening can penetrate the enamel surface, but the
depth of penetration is dependent on the concentration of the applied agent and the
application duration. However, most teeth whitening agents have an acidic pH, leading to
the dissolution of inorganic material and erosion on the enamel surface (58). However, it
should be noted that in many laboratory studies, for the purpose of achieving
standardization, the more mineralized aprismatic enamel layer is shaved, requiring
research to be conducted on a less mineralized layer. This situation can impact tissue loss

on the enamel surface (58).

To reduce tissue loss and induce remineralization in enamel tissue after whitening,
casein phosphopeptide amorphous calcium phosphate (CPP-ACP) is added to whitening
agents (59).

2.8 Activation of Bleachig Agents

Whitening agents can activate on their own without needing any activation, or
they can be activated with light, chemically mixed, or combination of both. Some
chemical activators include manganese gluconate, manganese chloride, and iron sulfate.
These chemical activators accelerate the chemical reaction of hydrogen peroxide on the
enamel surface, enhancing the effectiveness of whitening. As a result, the duration of the
whitening process is reduced, and sensitivity is minimized (60). Another perspective
suggests that adding a photo activator to the whitening gel and activating the agent with
ultraviolet light for 45 minutes provides a more effective whitening compared to a
chemically activated system (61). Some studies claim that applying short-term light
activation in in-office whitening may lead to damage in the pulp due to the absorbed
energy converting to heat and simultaneously create a whitening illusion through enamel

dehydration (62).

In a study conducted by Silva et al. on bovine teeth, they applied 35% HP
whitening agent to the enamel surface of the teeth and then activated the agents with
different light sources. When the SEM images were examined under 5000 magnification,
no significant difference was found in terms of porosity in the enamel between the
samples without any bleaching (A), without whitening agent activation (B), activated

with quartz tungsten halogen (C), activated with light emitted halogen (D) (Figure 4) (63).
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Figure 4. SEM images of enamel surface under 5000 magnification

2.9 Demineralisation

Tooth enamel is a calcified tissue that forms the outer protective structure of the
anatomical crown of a tooth. Once enamel is formed, it cannot be biologically repaired
or replaced. Therefore, throughout the lifespan of a tooth, there are cycles of enamel
demineralization and remineralization that determine the degree of mineral balance and

tissue integrity (64).

Demineralization occurring through biofilm (bacterial) or chemically (e.g.
erosion) due to exogenous or endogenous acid sources is defined as the loss of calcified
material from the tooth structure (65). As the pH falls below the critical value (pH =5.5),
the demineralization process begins in the enamel, accompanied by the dissolution of
hydroxyapatite. Demineralization leads to the removal of calcium and phosphate ions
from the tooth structure (66). The intercrystalline regions in the enamel structure serve as
channels that allow acids to diffuse into the enamel, leading to the influence of crystallites.
Over time, the crystal diameters decrease, prism sheaths dissolve, and the enamel
gradually transforms into a more porous structure (67). Mineral loss leads to increased
porosity, expansion of gaps between enamel crystals, and softening of the surface. This
allows acids to penetrate into the depths of the tooth, causing mineral loss beneath the
surface (68,69). It has been noted that there can be several changes in the enamel surface
after whitening treatments, with demineralization being one of the most significant ones

(70,71).
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2.10 Remineralisation

Remineralization is the process of restoring minerals to the tooth structure that
were previously lost through demineralization (65). Saliva contains (Ca)*? and (PO)4™
ions throughout life to support the development of hard tissues (72). At physiological pH,
saliva is supersaturated with (Ca)™? and (PO)4 > ions, stabilized by phosphoproteins. This
biological condition allows the ions to be biologically available to spread into lesions with
mineral deficiency (73). It is known that fluoride-mediated saliva remineralization is
limited to the outer 30 um of the tooth (74). Surface remineralization that occurs is unable
to improve the aesthetics or structural characteristics of the lesion immediately beneath
the surface (73). Remineralization systems can be examined under two main categories:

biomimetic systems and systems that enhance the effectiveness of fluoride.

Remineralized areas, due to the precipitation of calcium and phosphate from
saliva, have a structure with less micro-porosity and a higher fluoride content compared
to the original enamel (75). When remineralization occurs in the presence of fluoride,
OH- ions within HAP crystals dissolve, and as a result, fluoride ions (F°) replace them,
transforming the compound into a stronger compound called fluorapatite (FAP) [Caio
(PO4)6F2] (76). FAP (fluorapatite) forms a more acid-resistant enamel surface compared
to the original enamel structure containing HAP (hydroxyapatite) since FAP is less soluble

in acid (77). The critical pH value is around 5.5 for HAP, whereas it is 4.5 for FAP (78).

Different forms of fluoride preparations are frequently used to prevent
demineralization and promote remineralization on the tooth surface. It is known that
fluoride forms fluorohydroxyapatite, accelerates the deposition of calcium and phosphate
ions on the tooth surface, and has caries-preventive and remineralization effects (79,80).
Fluoride acts as a remineralization agent by forming a calcium fluoride layer on the tooth
surface. This accumulation later dissolves, diffuses into the enamel, supports

remineralization, and leads to an increase in microhardness values (81,82).

One of the topical fluoride gels used is 1.23% acidulated phosphate fluoride
(APF). APF contains 1.23% fluoride ions and has a pH between 3-4. The low pH is
thought to increase fluoride uptake by the enamel, especially within the first 4 minutes
(83). When the fluoride content in the enamel becomes sufficient, fluoride adheres to the
crystal surface of the enamel, forming a remineralized structure resistant to acid known

as fluorohydroxyapatite (84).
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2.10.1 Biomimetic Systems of Remineralisation

Fluoride-containing oral care products are effective in remineralizing the enamel,
but they do not have the potential to promote the formation of organized apatite crystals
(85). Nowadays, the focus is on regeneration rather than repair of demineralized tissue,
aiming to treat lost or damaged tissue with an exact replica of the previously healthy tissue
(86). Moreover, enamel regeneration is quite difficult because mature enamel is acellular
and cannot remodel, unlike bone or dentin. As a result, significant difficulties persist in
the efforts to synthesize artificial enamel, particularly in the production of the complex
hierarchical prism and interprismatic structures of enamel. At this point, biomimetic

systems offer promising development (87).

2.10.1.1 8DSS Peptides Derived from Dentin Phosphoprotein

Dentin phosphoprotein (DPP) is the most abundant non-collagenous extracellular
matrix component found in dentin and is known to play a critical role in tooth
mineralization (88). Human DPP contains numerous repeating aspartate-serine-serine
(DSS) nucleotide sequences, and studies have shown that DPP can form hydroxyapatite
crystals in calcium phosphate solutions (89). Studies have emphasized the electrostatic
force between negatively charged amino acids and positively charged calcium and
phosphate ions, finding that this force plays a role in the tight binding of DSS peptides
with cationic calcium and phosphate ions. In other words, 8DSS peptides prevent the
leakage of calcium and phosphate ions from the enamel and also encourage the
attachment of calcium and phosphate ions from the surrounding environment to the
mineral environment formed on the enamel surface (90). An in vitro study conducted in
2016 provided strong evidence that the biomimetic 8DSS peptide, in addition to inhibiting
enamel demineralization on its own, can significantly enhance fluoride from doing the

same (91).

2.10.1.2 Self-Assembly P11-4 Peptides

An ideal enamel regeneration involves supporting deep remineralization of the
lesion and replacing the compromised enamel matrix with a biomimetic matrix. The self-
assembling peptide P11-4 can create such a three-dimensional matrix within the
subsurface body of an initial enamel caries lesion and mimic enamel matrix proteins (92).
These peptides spontaneously assemble into three-dimensional fibril scaffolds (93). The
matrix of 5 P11-4 fibrils has a high affinity for (Ca)*? ions and serves as a nucleus for de

novo hydroxyapatite (HA) formation, leading to the remineralization of the lesion body
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(94). Studies have shown that microhardness increases after remineralization, and faster
hydroxyapatite formation is observed (95). Since P11-4 relies on saliva-directed natural
remineralization, its effectiveness will depend on the individual's saliva quality, especially

its mineral content, pH, and flow rate (96).

2.10.1.3 Amelogenin

The enamel organic matrix which has a rich compound of amelogenin plays a
critical role in the growth, shape formation, and organization of hydroxyapatite (HA)
crystals during enamel mineralization. However, mature enamel lacks matrix proteins and
cannot regenerate the mineral loss caused by tooth decay or erosion (85). Recently,
attempts have been made to replicate the complex enamel microstructure using synthetic
amelogenin systems. Recombinant pig amelogenin (rP172) has been reported to stabilize
calcium phosphate clusters and promote the growth of enamel crystals in acid-roughened
lesions. As a result, changes in the hardness and elastic modulus of the enamel have been
achieved. The biomimetic redevelopment of hydroxyapatite (HA) crystals also creates a
strong interface between the newly formed layer and the existing enamel, ensuring the
effectiveness and durability of restorations (97). However, a disadvantage of amelogenin-
mediated enamel regeneration is that the growth of the repaired enamel layer takes a long

time. This situation complicates the clinical use of amelogenin (85).

2.10.1.4 Poly (Amido Amine) Dendrimers (PAMAM)

Poli (amido amine) (PAMAM) dendrimers are highly branched polymers. These
amelogenin-like dendrimers, referred to as "artificial proteins," can mimic the functions
of organic matrices while promoting the biomineralization of tooth enamel. Crystals
formed by PAMAM organic structures exhibit similarities to the original prisms (98).
However, similar to amelogenin, PAMAM-mediated enamel remineralization is a time-
consuming process, and without enhancement, its practical applications in clinical

settings may be challenging (99).

2.10.1.5 Accelerated and Enhanced Remineralization with Electricity

Electrically accelerated and enhanced remineralization (EAER), targeting initial
and intermediate enamel lesions; It is a recently developed remineralization technology
that aims to preserve healthy tissue, restore the carious lesion to its full depth and improve
the mechanical properties of the treated enamel. iontopheresis uses to accelerate the flow

of remineralizing ions into the deepest part of the subsurface carious lesion. This creates
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an environment that supports the remineralization of the lesion and allows it to mature by
giving optimal hardness and mineral density to the repaired lesion. Lesions treated with
EAER have an appearance very similar to healthy enamel, without the broken rods or

distorted prisms visible under electron microscopy (100).

2.10.1.6 Nanohydroxyapatite (nHA)

Hydroxyapatite has a molecular formula of Cajo(PO4)s(OH)> and is a calcium
phosphate compound with a calcium-to-phosphorus ratio of 1:67. Hydroxyapatite can be
synthesized or naturally extracted from bovine teeth or bones (101). Synthetic calcium
hydroxyapatite [Cai0(PO4)s(OH):] is chemically and biologically similar to the mineral
component of human bone and teeth. It is classified as bioactive, belonging to a small
group of substances, and is highly biocompatible (102). Other forms of calcium phosphate
exist in nature, but hydroxyapatite is the most stable and least soluble of these (103).
Unbonded surface atoms in a nanoparticle are more numerous than at micro or macro
atomic scales. Thanks to this feature, nanoparticles have the ability to bond more with the

surrounding structures. In this way, it can form stronger compounds (104).

A certain level of effectiveness is achieved when the particles are between 1 and
100 nm in size. The large reaction surface and small size increase the hydration of the
material, thus gaining better physical and chemical properties (103). Synthetic
hydroxyapatite particles at the nano scale show similarity to the apatite crystal structure
of enamel, both morphologically and structurally. When used in orthopedic, dental, and
maxillofacial applications, it serves as a material that supports bone development and

osseointegration without disrupting or dissolving (105).

In the prevention of decay, nano-HA has been incorporated into toothpaste to
provide ions that reduce demineralization and enhance remineralization. Nano particles
can penetrate dental pores and create a protective layer on the tooth surface (106). In a
study evaluating the remineralization effect of toothpaste containing nanohydroxyapatite
on artificial cavities, SEM analysis showed a reduction in defects on the enamel surface,
and the precipitation of numerous mineral salts. Researchers have suggested that
nanohydroxyapatite can support remineralization for demineralized enamel (107). It has
been determined that toothpaste containing nanohydroxyapatite particles supports
remineralization, reduces the absorption of Streptococcus mutans virulence, and

eliminates extrinsic discolorations due to its abrasive nature (108).
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There are two views regarding the remineralization mechanism of
nanohydroxyapatite. The first view suggests that remineralization occurs by the
deposition of nano-particles into the voids on the demineralized enamel surface. The
second view proposes that nanohydroxyapatite acts as a calcium source in the oral
environment, contributing to remineralization (105). In other words, some propose that
nanohydroxyapatite (nHA) acts as a calcium phosphate reservoir, maintaining a state of
super-saturation with respect to enamel minerals. This is believed to inhibit

demineralization and enhance remineralization (109).

Kogyigit (2015) conducted an in vitro thesis study with deciduous teeth,
evaluating the effectiveness of fluoride-containing and fluoride-free nanohydroxyapatite
toothpaste in the remineralization of initial enamel lesions. According to the Micro-BT
analysis, it was reported that the increase in mineral content in the initial enamel lesions
in the nanohydroxyapatite toothpaste group was numerically higher than the fluoride
group. Additionally, according to the SEM analysis, it was noted that surfaces treated with
fluoride toothpaste were covered with CaF, (Calcium fluoride) crystals and did not
exhibit a smooth surface. On the other hand, surfaces treated with nanohydroxyapatite
toothpaste showed a homogeneous appearance across the entire surface, and the porous

structure was completely lost (110).

97% of enamel consists of hydroxyapatite crystals with a size of 20-40 nm. It
makes sense to use nano-sized HA particles after an erosive or abrasive attack on enamel.
It has been proven that these particles spontaneously assemble in aqueous solutions and

form enamel-like structures (104).

Another reported advantage of nHA is its ability to shift the oral flora to a more
favorable condition. Saliva samples were taken before and after a 5-minute application of
NHA paste to determine bacterial levels. It was revealed that the particles adhere to the
tooth and plaque surfaces, selectively absorbing harmful bacteria such as Streptococcus
mutans and Porphyromonas gingivalis. This capability might potentially help prevent the
onset of plaque-related periodontal diseases by smoothing out rough enamel surfaces

prone to plaque accumulation (111).
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2.10.2 Fluoride Reinforced Remineralisation Systems

2.10.2.1 Calcium Phosphate Systems

Biomimetic enamel regeneration could be the future of fluoride-free
remineralization; however, widespread clinical use requires time. Currently, calcium
phosphate systems are predominantly used to enhance the remineralizing efficacy of
fluoride in patients with a high risk of decay. One important criterion is solubility, with
calcium phosphate systems having lower solubility negatively impacting
remineralization. Calcium phosphate systems are categorized into three groups: stabilized
amorphous calcium phosphate systems, crystalline calcium phosphate systems, and

unstabilized amorphous calcium phosphate systems (112).

2.10.2.1.1 Stabilized Calcium Phosphates

2.10.2.1.1.1Casein Phosphopeptide Amorphous Calcium Phosphate

Various products have been developed to promote remineralization in the enamel
(113). One of these products is casein phosphopeptide-amorphous calcium phosphate
(CPP-ACP), a stabilized calcium phosphate. CPP-ACP acts as an agent that prevents
enamel demineralization, initiates remineralization of the enamel surface, and increases
the microhardness of softened enamel surfaces (114). Casein phosphopeptide (CPP) has
the ability to stably retain amorphous calcium phosphate (ACP) in a nanocomplex
structure in a solution of calcium and phosphate. Casein phosphopeptide molecules
contain phosphoserine, which stabilizes amorphous calcium phosphate, increasing the
solubility of calcium phosphate under neutral and alkaline conditions (115). As a result,
it ensures the continued mineral density of the tooth. Additionally, exposure of CPP-ACP
to acid leads to the release of ACP into the environment, and the released calcium and
phosphate ions buffer the acidic environment, balancing the pH. Therefore, it helps
prevent demineralization (116). In addition, CPP-ACP saturates the tooth surface by
binding the free calcium and phosphate in the plaque localized on the tooth surface, and
at the same time, it binds to the surfaces of bacterial cells in the dental plaque and prevents
them from colonizing the tooth. In this way, CPP-ACP serves as a reservoir for tooth

enamel to regain the minerals it loses during the demineralization process (117).

In a whitening study using bovine teeth, the enamel surface was whitened with
35% hydrogen peroxide for 14 days, and CPP-ACP was applied before, after or both

before and after the procedure. It was concluded that in all of these protocols, changes in
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hardness and roughness on the enamel surface were significantly prevented (118). In a
study conducted using human tooth enamel samples, it was revealed that the application
of CPP-ACP paste after whitening significantly improved remineralization in the enamel
(119). In another clinical study, the surface roughness of whitened enamel was evaluated
after the use of remineralization agents. CPP-ACP, nanohydroxyapatite, or Novamin was
applied 5 minutes after each whitening cycle. It was observed that the enamel roughness

decreased by 50% after these applications (120).

2.10.2.1.2 Crystallized Calcium Phosphate Systems
2.10.2.1.2.1Functionalized p-Tricalcium Phosphate(p-TCP)

TCP (Tricalcium Phosphate), primarily used for bone regeneration, is an
absorbable material. Although there are many polymorphic structures, two polymorphic
phases (o and PB) are mainly employed as biomaterials. In dentistry, both a-TCP and B-
TCP are utilized to remineralize subsurface lesions in toothpaste, reduce enamel
demineralization in varnishes, and enhance bonding properties in adhesives (121). It is
primarily designed to enhance the remineralization guided by saliva (Ca)*? and (PO)4™
ions and increase the F~ ion activity on the tooth surface. Although currently available as

a commercial product, data regarding its remineralizing effect is insufficient (121).

2.10.2.1.3 Unstable Calcium Phosphate Systems
2.10.2.1.3.1 Amorphous Calcium Phosphate

Amorphous calcium phosphate was the first product used as synthetic
hydroxyapatite. Its unstable and reactive structure in aqueous environments leads to the
release of calcium and phosphate ions, causing them to transform into crystalline phases
due to microcrystal growth (122). One of the main concerns of using an unstabilized
calcium phosphate system is its potential to support the accumulation of dental calculus
on teeth. Additionally, ACP rapidly captures free F~ ions in the oral environment, reducing

their availability for the remineralization of lesions (123).

2.10.2.2 Polyphosphate Systems
2.10.2.2.1 Sodium Trimetaphosphate

One way to maintain the anticariogenic efficacy of traditional toothpaste while
reducing the potential risk of fluorosis is to partially replace fluoride with polyphosphate
salts such as sodium trimetaphosphate (STMP), calcium glycerophosphate, or

hexametaphosphate (124). Among polyphosphates, STMP is considered the most
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effective anticariogenic agent, not only preventing demineralization but also enhancing

remineralization capabilities (125).

2.10.2.3 Natural Products

A fascinating approach to remineralization involves natural products of plant
origin that show the ability to beneficially alter the demineralization/remineralization
balance. Among the most promising is Galla chinensis, produced by parasitic leathoppers,
which has been found to inhibit demineralization and enhance remineralization and the
effectiveness of fluoride (126). In addition, Hesperidin, a citrus flavonoid, and Arabic
gum, an exudate from Acacia, are other natural products known to suppress acid-related
demineralization and enhance remineralization, even under fluoride-free conditions

(127).

2.11 Effect of Whitening on the Bonding of Adhesive Fillings

Tooth and dentin bonding may vary following whitening due to the presence of
hydrogen peroxide (128). Several authors have found that the bonding strength of
composite resin applied to whitened enamel is significantly lower compared to non-

whitened enamel (129).

There are studies that give different results on the effect of the concentration of
the applied agent on the bond strength. For example, in a study conducted by M. Turkun
and colleagues in 2004 on bovine teeth, they concluded that the bonding strength on
enamel surfaces treated with high-concentration carbamide peroxide was significantly
lower compared to surfaces treated with low-concentration agents (130). On the other
hand, Cavalli and colleagues found that carbamide peroxide concentration had no effect

on bonding to enamel surfaces (131).

In whitened enamel, resin tags are fewer in number, less pronounced, and shorter
compared to unbleached enamel (128). Research on the effects of peroxide-based
materials on the bonding durability and structure of enamel has found a decrease in
bonding strength (132). Many researchers have found that with the loss of prismatic form,
the enamel gives an over-etched appearance and porosity increases, therefore the bonding
on the enamel surface decreases (133). At the same time, calcium loss and decrease in

microhardness negatively affect the bonding to the enamel (134).
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Titley and colleagues, in their study, observed under SEM that the interface
between bleached enamel and resin was significantly different from the interface between
unbleached enamel and resin. In this study, many areas were found where the resin did
not bond to the bleached enamel surfaces. The resin tags were weaker and fragmented,
and it was concluded that they penetrated less deeply than in the unbleached samples

(135).

In another study where Titley and colleagues examined the interface between
bleached enamel and composite resin using SEM, they found an interface with a bubbly
and porous appearance. It was suggested that these could be attributed to gas bubbles
formed as a result of oxidation reactions. Additionally, it was revealed that the bonding
of composite resin to enamel was lower immediately after bleaching (136). To eliminate
residual oxygen from bleaching materials, in vitro samples are immersed in distilled water
or artificial saliva. The goal here is to mimic the oral environment post-bleaching

(137,138).

Zhao et al. demonstrated that under specific conditions, peroxide ions replace
hydroxyl radicals in the apatite cage, forming peroxide-apatite. Additionally, when
peroxide ions decompose, hydroxyl radicals re-enter the apatite cage, eliminating the
structural damage caused by the combination of peroxide ions (139). Lai et al. proposed
the hypothesis that the process of peroxide ion combination could be reversed by an
antioxidant. They also suggested that sodium ascorbate alters the redox potential of the
oxidized bonding substrate, allowing the free radical polymerization of adhesive resin to

progress without premature termination, thus reversing impaired bonding (140,141).

This decrease in binding values is clinically important. Some authors reported that
the negative effects of hydrogen peroxide on bonding were due to residual oxygen and

emphasized that this situation prevented the polymerization of the resin (142).

To avoid clinical problems related to reduced bond strength after whitening
treatment, various methods are recommended. The most widely recommended method is
to delay the fabrication of restorations for a period ranging from 24 hours to 3 weeks after
whitening treatment (143). In a study conducted by Lai and colleagues, it was reported
that hydrogen peroxide reduced the bond strength of the composite, and they suggested

that antioxidants or sodium ascorbate could be used to correct this condition (141). Such
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applications allow reducing the waiting time for restorative treatments after whitening

(136, 141).

2.12 Bonding Strength Test Methods in Dentistry

In vivo tests have an important role in the evaluation of materials used in dentistry.
However, these tests may not accurately evaluate the effects of different stresses occurring
in the mouth on the restoration. Due to the rapid development of current binding agents

and the search for the ideal product, in vitro bonding strength tests are needed (144).

The interfacial bond strength can be tested using various methods. Based on the
dimensions of the bonded area, bond strength methods can be classified as macro (4-28
mm?) or micro (approximately 1 mm?) (144). Tensile or shear forces can be applied to the

interface (145).

These tests include Macro Shear, Macro Tensile, Push-out, Micro Shear, and

Micro Tensile (146).

2.12.1 Macro Shear Bond Strength Test
Force is applied to the test piece using a single-angle nail-shaped tip, a flat-edged

chisel, or a wire loop attached to the force applicator arm of the machine to test the bond

strength (147,148).

In the shear bond strength test method, a test is applied using an apparatus shaped
like a blade edge to separate the connection with the tooth surface. In the ISO standard,
it is specified that the working speed of the cutting edge of the test apparatus should be
between 0.45 and 1.05 mm/min (149,150). In this test, which is based on the principle of
applying force at a constant rate until rupture occurs on the surface where two materials
are bonded to each other with a bonding agent, the value of the bond strength test result
1s measured by dividing the maximum force obtained by the surface area where bonding
occurs. The value of the bond strength is expressed in pounds/inch?, kg/cm?, MN/m? or
N/mm? (Mega pascals, MPa) (151,152). The typical bond strength in dentin is found to
be approximately 10 MPa (153,154).

2.12.2 Macro Tensile Bond Strength Test
In tensile tests, the force distribution is more homogeneous compared to shear
tests. This leads to much more stable results for bond strength testing. In macro tensile

bond strength tests, it is crucial for the bonded interface to be aligned perpendicular to the
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loading axis. If not adjusted, the force may cause bending in the samples. Additionally,
the testing apparatus must maintain the correct position between the tooth surface and the
adhesive material. For these reasons, tensile tests require more technical precision

compared to shear tests (155,156).

2.12.3 Push Out Test

This method is one of the tests used to measure bonding strength. Firstly, the
surface of the tooth is prepared in a round slice shape. Then, an appropriately sized hole
is drilled into the tooth surface for the material to be tested. The adhesive system is applied
to the hole, and the material is placed inside. Subsequently, force is applied to the material
with a pointed tip whose diameter-to-material ratio is less than 0.85 (157). The force at
which separation occurs is measured. This method better simulates the clinical
environment compared to shear and tensile tests because in this method, the material

being tested is bonded to the tooth surface with an adhesive system (158).

2.12.4 Micro Shear Bond Strength Test

The micro-shear bond strength test was introduced to researchers in the year 2002
(159,160). The micro-shear bond strength test method is a testing technique in which
samples, placed on dental tissue or a material with the help of a wire or a different
apparatus, are used to measure the bond strengths. The surface area of the materials for
which bond strength is measured is less than 1 mm?. As an example of the micro-shear
bond strength tests, the material to be tested is positioned on top of a composite cylinder
using silicone tubes with a diameter of 0.5 mm and a height of 0.7 mm. Typically, 6 tube
pieces are attached to the surface and filled with composite. The test procedures are
similar to macro shear tests, and the negative features in stress distribution are also

similarly comparable (161,162).

The advantages include the ability to calculate the average value for a single tooth,
obtain multiple test samples from one tooth, conduct tests in the presence of irregular
surfaces, and facilitate easier examination of samples under an electron microscope after

experiments (163,164).

2.12.5 Micro Tensile Bond Strength Test
Various test setups are available for microtensile testing. The sample can be
bonded using cyanoacrylate adhesive or attached to the test setup actively or passively

with a handle. The gripping method prevents stress distribution in the specimen. The
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values for dentin bond strength range from 30 to 50 MPa. The MPa values obtained from
the microtensile bond strength test method are higher than those found in macro tensile
tests because the critical crack size is smaller in the microinterface (165,166). Evaluating
force requires technical precision, as microcracks that may occur when samples are cut
with a diamond bur can concentrate in the area where force is applied, leading to a lower

bond strength value in the results (167,168).
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3 MATERIAL and METHODS
3.1 Research Plan and Method

In this study, it is aimed to examine the effects of nanohydroxyapatite containing
whitening agents and waiting period after whitening process onto enamel bond strength.
As a result of power anaysis using the G power program, effect size d for shear bond
strength: 1.078, standard deviation 4.4, Power 0.90 and the number of samples

determined for a:0.05 is minimum n=12 samples for each group detected.

3.2 Selection and Preparation of Teeth Included in the Study

Among 90 incisor teeth obtained from bovines, those with visible cracks and
fractures were eliminated and 75 teeth were selected and used in this study. After the
extraction, any remaining tissue residues on the teeth were cleaned, and the teeth were
washed under running tap water. Later, the teeth were stored in distilled water for 1 month

with the addition of thymol at +4 °C.

3.3 Preparation of Sample Models
The roots of the teeth were separated from their crowns at the cemento-enamel

junction using an ISOmet 1000 cutting machine (Buehler, Illinois USA) at a speed of 375
rpm.

The metal rings were filled with self-curing pink acrylic (Micryl, USA) (Figure
5), and tooth sections were mounted inside the acrylic with the buccal surfaces facing

upward. The buccal surfaces of the teeth were embedded with acrylic to be at the same

level, ensuring the formation of a single flat surface (Figure 6).
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Figure 5. Self curing pink acrylic, Micryl, USA

Figure 6. Teeth sample embedded in acrylic

The central part of the teeth in the obtained molds was sequentially polished with
600, 800, and 1200 grit silicon carbide paper on a grinding machine (Buehler, Illinois,
USA) at a speed of 600 rpm, with water cooling, at a 90-degree angle, to ensure uniform
polishing of all areas (Figure 7). This process was carried out to standardize the samples

among different groups.
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Figure 7. Enamel surface flatting of sample on
grinding machine with water cooling

Out of 75 teeth, 30 were whitened with Biowhiten agent (40% HP Office
Bleaching, Turkey), 30 were whitened with Whiteness agent (35% HP Office Bleaching,

FGM, Brasil) and 15 teeth underwent no whitening treatment.

Table 1. List of all materials used in this study

Material Name Brand and place of production | Code
Self-curing pink acrylic | Micryl, USA 23A768
Power HP 40% Biowhiten, Turkey K40H2306
Whiteness 35% HP FGM, Brasil 080323
Proetch Jumbo 37% Promida, Turkey 210219
phosphoric acid
G-premio bond GC, Japan 2212171
Gaenial Anterior, A2 GC, Japan 2105273

3.4 Determination of Groups and Waiting Times Before Bonding

After separating 15 teeth as the control group (Group A) out of a total of 75 teeth,
the remaining 60 samples were divided into two main groups, each consisting of 30
samples: Group B with 40% HP Biowhiten, and Group C with 35% HP Whiteness.
Subsequently, each group was further divided into two subgroups, each containing 15
samples. The samples in groups number 1 (Group B1, Group C1) were kept in artificial
saliva at 37 °C for 1 day after bleaching. After whitening, groups 2 (Group B2, Group
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C2) were kept in artificial saliva at 37 °C for 1 week (130). No bleaching was applied to
the samples in the control group (Group A). It was kept in artificial saliva for 1 week just

before the bonding procedure (130) (Table 2).

Table 2. List of groups in this study

Groups Treatment regime

A (Control) 1-week immersion in artificial saliva

B1 Bleaching with Biowhiten, then 1-day immersion in artificial saliva
B2 Bleaching with Biowhiten, then 1-week immersion in artificial saliva
C1 Bleaching with Whiteness, then 1-day immersion in artificial saliva
C2 Bleaching with Whiteness, then 1-week immersion in artificial saliva

Artificial saliva's electrolyte composition has been prepared to resemble human
saliva. It consists of 4.3 grams of xylitol, 0.1 grams of potassium chloride, 0.1 grams of
sodium chloride, 5 milligrams of magnesium chloride, 1 gram of sodium carboxymethyl
cellulose, 5 milligrams of calcium chloride, 1 milligram of potassium thiocyanate, 40

milligrams of potassium phosphate, and 100 grams of distilled ionized water (169).

3.5 Bleaching Treatment

For group B, after 30 teeth were removed from the artificial saliva, their labial
surfaces were washed with water and dried, and biowhiten 40% nHP agent was applied
to a thickness of approximately 2 mm (Figure 9). The whitening agent was applied in
accordance with the manufacturer's recommendations, with three periods of 15 minutes

each, totaling 45 minutes.
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Figure 8. Biowhiten 40% nHP bleaching agent Figure 9. Application of Biowhiten

Figure 10. Biowhiten 40% nHP application tube

The whitening agent was activated throughout the procedure using an LED light

device (High Strength 8 Lamp Bead, China) (Figure 11).

Figure 11. High Strength 8 Lamp Bead, China
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At the completion of each 15-minute period, the agent on the tooth surface was
removed using suction and a sterile pellet, and a new whitening agent was applied to the

surface.

At the end of the 45-minute period, the samples were rinsed with air/water spray
for 30 seconds. Subsequently, all samples were individually placed in distilled water and
placed in an incubator (Memmert, Germany) under laboratory conditions at 37°C. The

aim was to mimic the oral environment.

Figure 12. Incubator, Memmert, Germany

For group C, after removing the teeth from artificial saliva, the labial surface
was rinsed with water and dried. Whiteness HP (35% HP, FGM,Brasil) was applied to
the samples (Figure 13).
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Figure 13. Whiteness HP 35% bleaching agent, FGM, Brasil

In a mixing bowl, following the manufacturer's instructions, 3 drops of hydrogen
peroxide (phase 1) and 1 drop of thickening agent (phase 2) were added (Figure 15). The

mixture was stirred in circular motions 25-30 times to activate the agent (Figure 14).

Figure 14. Bottles of Figure 15. Mixing of agents
Whiteness HP phase 1 and with circular movements
phase 2

Subsequently, the agent was applied to the enamel surface of the samples with an

approximate thickness of 2 mm (Figure 16).
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Figure 16. Application of Whiteness HP on enamel surface

After being activated with LED light for 15 minutes, the agent was removed from
the surface with suction and sterile cotton and the whitening agent was applied to the
surface again. This application was repeated 3 times, as recommended by the
manufacturer, and the 45-minute whitening process was completed. The samples were
rinsed with air/water spray for 30 seconds. Subsequently, all samples were individually

placed in distilled water and placed in an incubator under laboratory conditions at 37°C.

3.6 Bonding Procedure

The teeth were removed from artificial saliva. After washing with air/water spray
for 30 seconds, the surface was thoroughly dried with compressed air. Subsequently, 37%
phosphoric acid (Promida, Proetch, Turkey) (Figure 17) was applied to the dried enamel
surface for 15 seconds (Figure 18). After 15 seconds, the acid was removed from the

surface using suction, and then the surface was washed for 30 seconds.
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Figure 17. Promida 37% phosphoric acid, Proetch, Turkey

Figure 18. Application of 37% phosphoric acid on enamel surface for 15 seconds

After 15 seconds, the acid was removed from the surface using suction, and then

the surface was washed for 30 seconds (Figure 19).
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Figure 19. Cleaning of enamel surface with air and water

After drying the enamel surface, bonding resin (G-premio bond, GC, Japan)
(Figure 21) was applied to the enamel surface using a microbrush for 10 seconds (Figure

20).

Figure 20. G-premio bond, Figure 21. Application of
GC, Japan bonding resin

After ensuring the even spreading of the bond on the surface with gentle air, it was
polymerized for 20 seconds using a light curing unit (Ivoclar Vivadent, Bluephase N G4,

Liechtenstein) (Figure 22,23).
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Figure 23. Polymerisation of bonding resin

To ensure the standardization of the application of composite resins to the enamel
surface, a white sticker with a 4 mm diameter hole in the center was affixed to the sample
in a way that it would align with the prepared surface and a transparent silicone guide was

prepared with a central hole of 4 mm in diameter and 6 mm in height (Figure 25). The
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reason for making the guide transparent was to allow the passage of light completely.
After placing the guide in the exact center of the prepared tooth surfaces, following the
manufacturer's instructions, 2 mm of composite resin (Gaenial Anterior, A2,GC, Japan)
was dispensed into the guide and polymerized from a distance of 10 mm for 20 seconds.
This process was repeated three times gradually, creating vertically cylindrical posts with
a height of 6 mm on the enamel surface (Figure 26). After removing the samples from the

silicone mold, they were placed in distilled water and incubated at 37°C for 1 day.

Figure 24. Fixation of white sticker on the enamel surface

Figure 25. Application of composite restoration into silicon guide
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Figure 26. Samples obtained by removing the silicone mold

3.7 Evaluation of Shear Bond Strength
After removal from the incubator, the samples were subjected to shear bond
strength tests at a rate of 0.5 mm/min using an Instron Universal Testing Machine (Model

3345, USA) (Figure 27).

Figure 27. Shear bond strength test on Instron Universal Testing Machine

37



The load at the moment of failure was recorded using Bluehill 3 software version
3.62 (Figure 28). The shear bond strengths of the samples were calculated by folllowing

equation below and expressed in units of MPa.
S=T/A

Here, S, T, and A represent shear bond strength, applied tension and bonded area

respectively (170).

Figure 28. Bluehill 3 software version 3.62 and Instron Universal Testing Machine

3.8 Methods Of Statistical Analysis

In evaluating the findings of the study, IBM SPSS Statistics 22 software was
utilized for statistical analyses. The normal distribution of parameters was assessed
through Kolmogorov-Smirnov and Shapiro-Wilk tests, and it was determined that the
parameters were normally distributed. Two-way ANOVA test was employed for assessing
the joint effect of whitening agent and different waiting days within artificial saliva on
shear bond strength when comparing quantitative data. Student t-test was used for

pairwise comparisons between parameters. Significance was evaluated at the p<0.05 leve
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4 RESULTS

Table 3. Maximum load in compressive strength and maximum load values of the B1
group (Bleaching with Biowhiten, then 1-day immersion in artificial saliva)

Maximum Load in Compressive Strength | Maximum Load
(Mpa) (N)
Sample 1 7.38745 92.83344
Sample 2 |7.54044 94.75591
Sample 3 7.19319 90.39233
Sample 4 9.13755 114.82578
Sample 5 7.71901 96.99999
Sample 6 6.65703 83.65469
Sample 7 7.34627 92.31599
Sample 8 7.66605 96.3344
Sample 9 7.34963 92.3522
Sample 10  {9.00423 113.15049
Sample 11 |7.32411 92.03746
Sample 12 {9.24928 116.22985
Sample 13 |8.17704 102.75574
Sample 14 |6.8037 85.49778
Sample 15 |8.29335 104.21729

Table 4. Maximum load in compressive strength and maximum load values of the B2
group (Bleaching with Biowhiten, then 7-day immersion in artificial saliva)

Maximum Load in Compressive Strength | Maximum Load
(Mpa) (N)
Sample 1 12,0206 151,05534
Sample 2 12,96793 162,95975
Sample 3 12,04281 151,33437
Sample4  |12,35132 155,21123
Sample 5 12,46479 156,63715
Sample 6  |11,70796 147,12662
Sample 7 10,60577 133,276
Sample 8  |10,84655 136,3017
Sample9  |12,61438 158,51695
Sample 10 | 12,55164 157,72852
Sample 11 | 12,86269 161,63736
Sample 12 |10,35314 130,10135
Sample 13 |12,31562 154,76268
Sample 14 |11,30723 142,09084
Sample 15 |11,8003 148,28693
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Table 5. Maximum load in compressive strength and maximum load values of the C1
group (Bleaching with Whiteness, then 1-day immersion in artificial saliva)

Maximum Load in Compressive Strength | Maximum Load
(Mpa) (N)
Sample 1 5,25524 66,03925
Sample 2 4,9467 62,16201
Sample 3 7,10893 89,33345
Sample 4 5,3626 67,38843
Sample5  |6,55982 82,43311
Sample 6 6,73301 84,60948
Sample 7 6,57234 82,59052
Sample 8 |6,33643 79,62587
Sample 9 6,02028 75,65304
Sample 10  |5,32004 66,85361
Sample 11 |6,72221 84,47375
Sample 12 |5,91598 74,34243
Sample 13 |6,48907 81,54401
Sample 14 |9,21249 115,76749
Sample 15 |7,22559 90,79948

Table 6. Maximum load in compressive strength and maximum load values of the C2
group (Bleaching with Whiteness, then 7-day immersion in artificial saliva)

Maximum Load in Compressive Strength | Maximum Load
(Mpa) (N)
Sample 1 9,24717 116,20336
Sample2  [9,16791 115,20731
Sample 3 9,51105 119,51939
Sample 4  |11,41957 143,50259
Sample 5 10,39476 130,62436
Sample 6 9,89366 124,32736
Sample 7 10,77956 135,45998
Sample 8 10,59948 133,19698
Sample9  |10,35494 130,12402
Sample 10 |9,87108 124,04366
Sample 11 | 8,45083 106,19623
Sample 12 |9,59335 120,5536
Sample 13 |11,62911 146,13573
Sample 14  |9,6939 121,81707
Sample 15 |8,29891 104,28719
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Table 7. Maximum load in compressive strength and maximum load values of the A

group (1-week immersion in artificial saliva)

Maximum Load in Compressive Strength | Maximum Load

(Mpa) (N)
Sample 1 16,57483 208,28542
Sample 2 16,82387 211,41502
Sample 3 18,18537 228,52409
Sample 4 16,26562 204,39983
Sample5  [17,34702 217,98911
Sample 6 15,17315 190,67137
Sample 7 16,73567 210,30663
Sample 8 15,46682 194,36179
Sample 9 15,52103 195,04295
Sample 10 |14,73362 135,14818
Sample 11 |15,26944 191,88138
Sample 12 |18,96163 238,27884
Sample 13 |16,91128 212,51343
Sample 14 |15,87056 199,43532
Sample 15 |15,11488 189,93912

Table 8. Evaluating the effect of bleaching agents and waiting period on shear bond

strength
Type III Sum of Mean
Shear Bond Strength Squares Df  Square F
Bleaching agents 1 43,308 51,685
Waiting period 1 220,758 263,46 0,001*
Bleaching agents *
Waiting period 1 1,302 1,554

Two-way ANOVA test

There is a statistically significant difference between whitening agents in terms of shear

<0.05

bond strength averages (p:0.001; p<0.05) (Table 8).

There is a statistically significant difference in terms of shear bond strength averages

between waiting periods (1 and 7 days) (p:0.001; p<0.05) (Table 8).

The common effect of the whitening agent and waiting times on shear bond strength is

not statistically significant (p:0.218; p>0.05) (Table 8).




Table 9. Evaluating the effect of bleaching agent types and waiting time on shear bond
strength

Biowhiten Whiteness
Waiting period Ort+SS Ort+SS
1. day 7,79+0,814%  6,39+1,055°
7. day 11,92+0,824°  9,93+0,965°

Two-way ANOVA test
Different capital letters (A-B) in rows indicate the difference between whitening agents, different lowercase

letters (a-b) in columns indicate the difference between waiting periods.
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Figure 29. Shear bond strength of B1, B2, C1, C2 groups according to
waiting periods

When Biowhiten is used as whitening agent; The shear bond strength average at the end
of the 7th day (11.92+0.82) is statistically significantly higher than that at the end of the
Ist day (7.79+0.81) (p:0.001; p<0.05) (Figure 29).

When Whiteness is used as whitening agent; The shear bond strength average at the end
of the 7th day (9.93+0.96) is statistically significantly higher than the shear bond strength
average at the end of the 1st day (6.39+1.05) (p:0.001; p<0.05) (Figure 29).
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The average shear bond strength of the Biowhiten agent (7.79+0.81) at the end of the 1st
day is statistically significantly higher than the Whiteness agent (6.39£1.05) (p:0.001;
p<0.05) (Figure 29).

The average shear bond strength of the Biowhiten agent (11.92+0.82) at the end of the
7th day is statistically significantly higher than the Whiteness agent (9.93+0.96) (p:0.001;
p<0.05) (Figure 29).

Table 10. Comparisons of whitening groups with the Control group

Shear Bond
Strength
Ort£SS P
Control Group 16,33+1,2 0,001*
Biowhiten 1.day 7,79+0,81 0,001*
Biowhiten 7.day 11,92+0,82 0,001*
Whiteness 1.day 6,39+1,05 0,001*
Whiteness 7.day 9,93+0,96 0,001*
Student t test *p<0.05
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Figure 30. Graphic of shear bond strength of all groups (A, B1, B2, C1, C2)
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The shear bond strength average of the control group (16.33%1.2) is statistically
significantly higher than the average of the Biowhiten agent on the 1st day (7.79+0.81)
(p:0.001; p<0.05) (Table 10, Figure 30).

The shear bond strength average of the control group (16.33£1.2) is statistically
significantly higher than the average of the Biowhiten agent on the 7th day (11.92+0.82)
(p:0.001; p<0.05) (Table 10, Figure 30).

The shear bond strength average of the control group (16.33£1.2) is statistically
significantly higher than the average of the Whiteness agent on the 1st day (6.39+1.05)
(p:0.001; p<0.05) (Table 10, Figure 30).

The shear bond strength average of the control group (16.33£1.2) is statistically
significantly higher than the average of the Whiteness agent on the 7th day (9.93+0.96)
(p:0.001; p<0.05) (Table 10, Figure 30).
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5 DISCUSSION

In the 21st century, along with humanity's intense interest in aesthetics, there has
been an increased demand for aesthetic dentistry as well. With people increasingly

desiring a perfect smile, interest in non-invasive whitening has also grown (13).

Whitening agents contain active ingredients, carriers, thickening agents, urea,
surface moisturizers, preservatives, and sweetening agents (15). Compounds such as
hydrogen peroxide, carbamide peroxide, and sodium perborate serve as active ingredients
(16). Hydrogen peroxide, with high solubility, is a preferred active component in
whitening agents and is commonly found in various products on the market (24). Among
the different concentrations of hydrogen peroxide in whitening products, the most

preferred concentrations are typically in the range of 35-38% (16,24).

Peroxides used in whitening penetrate the enamel surface. The concentration of the
applied agent affects the penetration depth (58). Additionally, the pH of the used agent
has a significant impact on deformations, hardness reduction, and roughness on the
enamel surface (51). As the concentration of the agent increases and the pH decreases,

the deformations on the enamel surface also increase (51).

Some new whitening agents in the market aim to minimize reversible or irreversible
damage occurring on the enamel by incorporating nano additives. The addition of
nanohydroxyapatite (n-HAp) to whitening agents aims to minimize demineralization and

wear on the enamel surface (27).

Post-whitening bonding to enamel and dentin can be affected by the presence of
hydrogen peroxide (128). It has been observed that the bonding of composite resin to
whitened enamel is lower compared to non-whitened enamel (129). The resin tags in
whitened enamel are fewer in number and shorter (128). An increase in porosity and a
decrease in microhardness in whitened enamel after whitening negatively affect bonding
(134). Due to the residual oxygen released during the oxidation reaction during whitening,
it has been found that there are areas of non-bonding at the enamel-composite interface
when immediate composite bonding is performed after whitening, and polymerization

does not occur effectively (136).

To avoid potential clinical problems arising from reduced bonding strength after

whitening, it is recommended to delay post-whitening restoration for a period ranging
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from 24 hours to 3 weeks (142). However, assessing the effectiveness of bonding to
enamel after whitening is not only crucial in in vitro studies but also highly significant in
in vivo studies. In in vivo studies, bonding strength cannot be directly measured, and for
evaluating bonding, long-term clinical follow-up is required to detect microleakage and
restoration color changes (171). However, there are researchers who argue for the
presence of changes on the enamel surface that affect post-whitening bonding (172-174),
while some researchers contend that there are no significant differences on the enamel
surface after whitening (175-178). In conclusion, although there is no definitive
consensus, the continuous introduction of new whitening products to the market has led
to a rapid increase in studies examining changes that may occur on the enamel surface
after whitening. Research in this area includes investigations into the bonding of
composite and porcelain restorations to enamel after whitening, as well as studies on the

marginal leakage of restorations (179,180).

After tooth whitening, a decrease in bond strength has been reported, and many
studies are being conducted to improve this condition. To address this issue, the use of
phosphoric acid in the composite resin bonding procedure after whitening has been
experimented with by many researchers. In our study, we utilized the one-bottle universal
bonding system, GC Premiobond. Following the manufacturer's recommendations, the
enamel was etched with 37% phosphoric acid for 15 seconds, then the universal bond was
applied to the surface for 10 seconds and polymerized for 20 seconds. However, in our
study, a statistically significant difference was found between the enamel bond strength
of the samples stored in artificial saliva at 37 °C for 24 hours after whitening and the
samples in the non-whitened control group. M. Miyazaki and colleagues conducted a
study on bovine teeth, evaluating the enamel bond strength using two-step self-etching
primer systems without phosphoric acid application after in-office whitening (Hi-Lite).
After surface smoothing with 600-grit SiC paper for standardization, the Hi-Lite
whitening agent was applied to the enamel surface. After the whitening procedure, the
samples were stored in distilled water at 37 °C for 24 hours, and then the bonding
procedure was completed using three different self-etching primer systems (Imperva
Fluora Bond, Mac Bond II, Clearfil SE Bond) and the control material, the one-bottle
adhesive system Single Bond. After another 24-hour immersion in distilled water at 37
°C, a slight difference in enamel bond strength was observed between the non-whitened

control group and the samples immersed in distilled water for 24 hours at 37 °C after
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whitening. However, this difference was not statistically significant. The result of this
study suggests that, after 24 hours of post-whitening waiting period, using two-step self-
etching primer systems can result in less impact on enamel bond strength (181).
Considering that the same bonding agent was used for both the control and other groups,
and phosphoric acid application was applied to all samples, the differences found in our
results could be attributed to the effectiveness of the whitening agent used in the study

conducted by Miyazaki and colleagues.

Nowadays, manufacturers have developed universal adhesive systems with the aim
of creating an adhesive system suitable for use on every surface. Universal adhesive
systems can be used with or without prior acid etching, and selective etching, which
involves acid etching only the enamel surface, is also among the recommended methods.
It is claimed that universal adhesives can bond to dental tissues as well as other dental
materials (182). However, issues related to the bonding lifespan of these systems have
been reported(183). In our study, all specimens, including the control group, were acid-
etched for 15 seconds with 37% phosphoric acid before the bonding procedure, then
rinsed for 30 seconds and dried. Subsequently, universal GC Premio-bond was applied to
the enamel surface for 10 seconds, ensuring spreading with air spray, and polymerized
for 20 seconds. The high bond strength observed in the control group without tooth
whitening in our study supports the idea that combining universal adhesive systems with
phosphoric acid application can achieve high bond strength results. Additionally, the
presence of residual oxygen on the surface after tooth whitening may contribute to
increased bonding by being removed with the effect of acid application in etch & rinse
systems. Ucar and colleagues conducted a study in 2019 using 60 mandibular premolar
teeth where vital whitening was performed. Subsequently, a whitening agent containing
40% hydrogen peroxide (Opalescence Boost; Eltradent, USA) was applied every three
days for 40 minutes, and all teeth were immersed in artificial saliva for two weeks. After
the waiting period, the teeth were divided into 4 groups of 15. Two of these groups were
treated with universal adhesive in the etch and rinse system, one received universal
adhesive in the self-etch system, and another had universal adhesives applied without acid
etching. The aim was to determine the effect of universal adhesives on the bond strength
of whitened teeth. After the application of the adhesive system and composite resin, the
specimens were stored in artificial saliva at 37 °C for 24 hours. According to the results

of the one-way ANOVA test, it was determined that the bond strength of the Single Bond
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Universal group used in the etch-and-rinse system was statistically significantly higher
than the other groups, followed by the One Step Universal group without acid etching.
No statistical difference was observed between the other two groups. In this context, it is
thought that the shear bond strength values of universal adhesives will increase when used

in the etch & rinse system(184).

Halabi and colleagues investigated the effect of two different self-etch adhesive
systems and two different waiting periods on bond strength after teeth whitening on
bovine teeth. For the adhesive system, they used Clearfil SE Bond 2 (Kuraray, Japan), a
two-step self-etch adhesive, and G Premio Bond (GC, Japan), a universal adhesive, both
applied in a one-step self-etch mode. The whitening agent used was 35% HP Ti ON In-
Office (GC). 144 teeth divided into three main groups, each containing 48 samples: the
group subjected to bonding immediately after whitening, the group subjected to one week
of waiting after whitening, and the control group with no whitening. Later, each of these
three main groups was further divided into four subgroups: those are treated with Clearfil
SE Bond, treated with Clearfil SE Bond after the application of 40% phosphoric acid,
treated with G Premio Bond, and treated with G Premio Bond after the application of
40% phosphoric acid. The samples subjected to waiting periods were kept in distilled
water at 37 °C for seven days. According to the results of the shear bond strength (SBS)
test, the bond strength of the control groups with no whitening was statistically
significantly higher than the other groups. However, in the SE Bond applied control
groups, the bond strength of samples with acid etching (40.7 +/- 6.1 MPa) was statistically
significantly higher than the bond strength in the self-etch mode (23.1 +/- 6). In the G
Premio Bond applied control group, although there was no significant difference between
the bond strength in the self-etch mode (18.3 +/- 5.4) and samples with acid etching (16.8
+/- 4.1), the self-etching group had a higher bond strength. In both bonding applications,
it is observed that acid etching, except for the GP Bond control group, increases the bond
strength. When evaluated in terms of waiting period, it was statistically significantly
higher that the bond strength of samples with a one-week waiting period compared to
those with a one-day waiting period. Regarding the bonding agent used, it is noted that
the bond strength of all samples using SE Bond is statistically significantly higher than G
Premio Bond samples. The highest bond strength was found in the control group treated
with SE Bond after acid etching (185). In our study, G Premio Bond was combined with

acid etching in all samples. However, in our study, the bond strength of the control group
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with no whitening was statistically significantly higher than the samples subjected to one
day and one week of waiting, while in this study, no statistically significant difference
was found between the bond strength of the control group treated with acid etching and
G Premio Bond (16.8 +/- 4.1) and the group treated with acid etching and G Premio Bond
after one week of waiting (16.0 +/- 5.6). On the other hand, the difference between the
control group treated with SE Bond after acid etching (40.7 +/- 6.1) and the samples
waiting for one week (23.3 +/- 5.3) in the same study suggests that this result may be due

to technical sensitivity in the study.

Numerous studies have been conducted on the waiting period after teeth whitening.
Many authors present findings supporting an increase in bond strength with the extended
waiting period following whitening. Our study also concluded that an increase in waiting
time corresponds to an increase in bond strength. Considering studies conducted under
laboratory conditions, it can be suggested that the waiting solution is the factor
contributing to this effect. When an artificial saliva is used as the waiting solution, the
remineralization process positively influences the bonding. In a study conducted by Titley
and colleagues using bovine teeth, in the first group, after applying a 35% HP whitening
agent (Drug Trading Co Ltd., Toronto) for 60 minutes, 37% phosphoric acid was applied
to the enamel surface. The teeth in the second group were stored in saline solution for 60
minutes and then etched with 37% phosphoric acid for 60 seconds. The teeth in the third
group were etched for 60 seconds, followed by the application of a 35% HP whitening
agent for 60 minutes. The fourth group, after etching for 60 seconds, was stored in saline
solution for 60 minutes. All groups were stored in distilled water at 37 degrees Celsius
for half of the specimens for 1 day and the other half for 7 days. After the waiting period
bonding procedure was done. After the bonding procedure, the specimens were stored in
distilled water at 37 degrees Celsius for 24 hours and then subjected to shear bond strength
testing. According to the statistical analyses, the bonding strength of the control group
without whitening application (Group 2 & 4) was significantly higher compared to the
other groups. However, no significant difference was found among the waiting periods

(186).

The reduction in bond strength after bleaching can lead to several clinical problems.
Waiting for a certain period for intraoral demineralization is suggested as one of the
methods to avoid these issues (7). In our study, the samples subjected to a one-day waiting

period showed considerably lower bonding strengths compared to those subjected to a
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one-week waiting period. Vyver and colleagues evaluated the effect of waiting time on
bond values to the enamel after bleaching. For this, after bleaching with hydrogen
peroxide, the enamel was etched with 37% phosphoric acid, followed by a shear bond
strength (SBS) test. All samples were randomly divided into four groups. No bleaching
was done in the first group. In the second group, composite was immediately bonded to
the samples after bleaching. The third group was subjected to a one-week waiting period
after bleaching for the bonding procedure, and the fourth group had a two-week waiting
period. As a result of the SBS test, the samples in the control group, Group 1, showed the
highest bond strength (25.1 +/- 3.7). The subsequent highest values were observed in
Group 4 (23.1 +/- 3.7), Group 3 (19.2 +/- 3.2), and Group 2 (14.2 +/- 4.9), respectively.
From this, it can be inferred that the immediate bonding values after bleaching were found
to be quite low, while a one-week waiting period significantly approached the bonding

values to an optimum level (187).

Bittencourt and colleagues used unerupted third molars to examine the effect of
post-bleaching waiting time on shear bond strength. The teeth were divided into 200
fragments, with 100 each for transversal and longitudinal sections, comprising 100
enamel and 100 dentin fragments. The samples were divided into five groups. The first
group served as the control, with no bleaching applied. The second group received the
application of 35% Whiteness HP (FGM, Brazil) immediately followed by the application
of composite resin on the tooth surface. The third group underwent a waiting period of 7
days for bonding procedures after bleaching, the fourth group waited for 14 days, and the
fifth group waited for 21 days. The shear bond strength (SBS) test results revealed that
the control group's bond strength was statistically significantly higher compared to the
group undergoing immediate restorative treatment (Group 2). However, among all enamel
and dentin segment samples, no statistically significant difference was found in bond
strengths among the control group and those with 1-week, 2-week, and 3-week waiting
periods (188). In contrast, our study found that, after a 1-week waiting period, all samples
treated with both Biowhiten and Whiteness bleaching agents had statistically significantly
lower bond strength compared to the control group with no bleaching. The reason for this
might be that all samples in our study relied on bonding to the enamel surface. Therefore,
we believe that a waiting period longer than one week could provide more suitable

bonding in ideal conditions.
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The changes occurring on the enamel surface after bleaching are known to have a
direct impact on adhesion. It is believed that the concentration of the bleaching agent
affects post-bleaching adhesion (81). As the concentration increases, enamel hardness
decreases, and roughness increases (85). In our study, Power HP (Biowhiten, Turkey) with
40% hydrogen peroxide and Whiteness (FGM, Brazil) with 35% hydrogen peroxide were
used. The results indicated that the bond strength of samples treated with 40% HP
Biowhiten was significantly higher than those treated with 35% HP Whiteness. We
believe that this may be attributed to the higher concentration of hydrogen peroxide in
Biowhiten and the presence of n-HAp particles, which could result in fewer defects on
the enamel surface. However, Sadeghion and colleagues conducted a study in 2021,
examining the shear bond strengths of orthodontic brackets without using adhesive resin
on 60 maxillary and mandibular premolar teeth that were bleached using different
bleaching protocols. Subsequently, the samples were randomly divided into a total of 4
groups, each consisting of 15 teeth. The first group (Group C) was designated as the
control group and immersed in artificial saliva. The second group (Group HB) underwent
at-home bleaching with 20% carbamide peroxide (Opalescence; Ultradent Product, USA)
for 4 hours each day for 7 days. The third group (Group OB) underwent in-office
bleaching with 45% carbamide peroxide (Opalescence; Ultradent Product, USA) for 30
minutes. The fourth group (Group L-OB) underwent in-office bleaching with 40%
hydrogen peroxide (Opalescence; Ultradent Product, USA) for 60 seconds, activated by
diode laser (810 nm wavelength, 2.5 W) from a distance of | mm. As a result, the bond
strength of the control group (Group C) was found to be higher (12.04 MPa) compared to
the other groups, while the bond strength of Group HB (7.45 MPa) was higher than Group
L-OB (7.39 MPa) and Group OB (6.62 MPa). However, the difference among these three
groups is not statistically significant. Consequently, it is concluded that bleaching with
20% or 40% carbamide peroxide affects bond strength, but there is no significant

difference between them (189).

In our study, despite the higher HP concentration in the Biowhiten agent, the bond
strength was higher. From this, it can be considered that when additives supporting
remineralization, such as nanohydroxyapatite, are incorporated into the bleaching agent,
the increase in concentration may result in less difference in bond strength. However,
when studies conducted without the addition of nanoparticles to whitening agents are

evaluated, EI-Din and colleagues evaluated the bond strength in bovine teeth using
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different concentrations of bleaching agents. They divided 72 bovine teeth into three main
groups, with each group containing 24 teeth. The first group was kept in distilled water
at 37 °C without bleaching (control group). The second group was subjected to in-office
bleaching with 38% hydrogen peroxide (Opalescence Xtra Boost, Ultradent, USA) for 30
minutes. The third group was bleached with 10% carbamide peroxide (CP) (Opalescence,
Ultradent, USA) every day for 6 hours for 5 days. All groups were further divided into
two subgroups, with half of the samples using ethanol-based Single Bond (3M ESPE,
USA), and the other half using acetone-based One Step (BISCO, USA) adhesive systems
immediately after bleaching. When evaluating the SBS test results, it was observed that
the bond strength of the non-bleached control groups was the highest, followed by the
groups treated with 10% CP. The samples treated with 38% HP exhibited the lowest bond
strength. Regarding the applied adhesive systems, although the bond strength in samples
where Single Bond adhesive was used was higher than in those using One Step adhesive,
there was no statistically significant difference between the two. From this, it can be
inferred that increasing the concentration of the bleaching agent independently may lead

to a decrease in bond strength (190).

One of the methods tried to increase bonding strength after whitening is to perform
reduction on the enamel surface after whitening. In 2019, Cheng and colleagues
investigated the effect of post-whitening surface reduction on the enamel's bond strength.
In this context, 48 bovine teeth, each group containing 24 teeth, were randomly divided
into 2 groups. In group B (bleaching group), samples were subjected to in-office
whitening with 40% HP gel (Opalescence, Ultradent, USA) in two sessions, one week
apart. The whitening agent was applied to the enamel surface three times during each
session, with 15 minutes each time. During the waiting period, all teeth were stored in
artificial saliva at 37 degrees Celsius. In group C (control group), samples were not
subjected to whitening. After the whitening process, enamel surface reduction was
performed by using diamond burs and discs under water cooling, reducing 0.5 mm of the
enamel surface. Following this procedure, bonding procedure was done. According to the
results of the shear bond strength (SBS) test, the control group without whitening showed
the highest bond strength (25.21 +/- 5.53), while the bleaching group exhibited the lowest
bond strength (21.41 +/- 7.22). However, it was concluded that the 0.5 mm reduction from

the enamel surface after whitening did not alter the bond strength. Cheng and colleagues
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did not observe statistically significant differences in the impact of reduction from the

enamel surface on enamel bonding in teeth subjected to whitening (191).

After whitening, it is known that the increase in porosity at the microscopic level,
the decrease in microhardness, and surface irregularities of the enamel surface reduce the
bond strength of the enamel. In the oral cavity, the presence of saliva allows numerous
demineralization and remineralization cycles, and the buffer effect of saliva helps balance
the decreased calcium and phosphate ratio after whitening over time. To mitigate these
negative effects on the enamel surface after whitening, many studies have been
conducted. One approach is the application of nanohydroxyapatite pastes to the tooth
surface before or after whitening, while another involves incorporating
nanohydroxyapatite particles into whitening agents (192). Nanohydroxyapatite is a
biomaterial that undertakes the task of biologically replacing lost structure. In this
context, it is believed that the application of nanohydroxyapatite paste increases Knoop
hardness. In our study, the higher bond strength observed in samples treated with a teeth
whitening agent containing nanohydroxyapatite supports this notion. Although our study
did not assess factors such as microhardness and mineral content, considering the direct
impact of these factors on bond strength, it is observed that Whiteness HP 35% agent
without n-HAp particles significantly reduced bond strength compared to Biowhiten HP
40% agent containing n-HAp particles. However, there are also studies that present
different results in this regard. In a study conducted by Gomes and colleagues in 2017,
the effect of applying nanohydroxyapatite paste to the enamel surface before whitening
on enamel hardness was investigated. The nanohydroxyapatite paste for this study was
prepared under laboratory conditions and stored at 37 °C. Patients were instructed to use
fluoride-free toothpaste, a soft toothbrush, and dental floss prophylactically at least 2
weeks before the study. Third molars were preferred for sample teeth. A total of 60
samples (3x3x3mm) were prepared. The study aimed to utilize saliva in the oral
environment, and therefore, samples were cemented on the buccal surface of the first
molar teeth using Rely X Automix (3M ESPE, Brazil) composite resin. The samples were
divided into three groups: the group without whitening, the group whitened with 35%
Whiteness HP (FGM, Brazil), and the group whitened with 35% Whiteness HP after the
application of nano-HAp paste. The nano-hydroxyapatite paste was obtained by mixing
lg of nano-HAp powder with Iml of distilled water and applied to the surface for 10

minutes before whitening. After treatment, the composite pieces were removed from the
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tooth surface using orthodontic pliers. Knoop microhardness was measured before and
after whitening, and the final average was calculated. The statistical results of the study
suggested that the use of nano-hydroxyapatite paste before whitening was significant in
maintaining Knoop hardness and encouraging less mineral loss (193). There is a need for
studies comparing the effect of nano-hydroxyapatite paste and whitening agents

containing nano-hydroxyapatite on the tooth surface in this regard.

Monterubbianesi and colleagues conducted an in vitro study in 2021 to evaluate the
color, hardness, and microstructure of a home-use hydrogen peroxide (HP) whitening
agent enriched with nanohydroxyapatite. In the whitening procedure, half of the samples
were subjected to whitening with 6% HP (Optident, UK)) for at least 50 minutes daily for
7 days, while the other samples underwent whitening with 6% HP (6Hp-nHA)
(Biowhiten, Turkey) for the same duration. During the whitening procedure, the teeth
were kept in artificial saliva at 37 degrees Celsius. The control group did not undergo any
whitening. SEM images revealed irregularities on the enamel surface in samples whitened
with Optident, with no discernible enamel rods or interrods. In contrast, samples whitened
with Biowhiten exhibited a more organized enamel surface with visible enamel rods and
interrods. At the end of the treatment, the microhardness of the control group and the
group treated with Biowhiten were similar, while the microhardness of the group treated
with Optident was found to be significantly lower than the other two groups, although not
statistically significant. The difference in color change between the two groups was not
statistically significant (194). From this, although SEM image examinations were not
conducted in our study, we believe that minimal changes on the enamel surface could
potentially enhance bond strength. The lack of a significant difference in enamel hardness
between the two experimental groups in this study may be attributed to the very low
concentrations of the agents. Considering the impact of microhardness on bond strength,

we believe that further scientific research is needed.

After teeth whitening, some factors affecting bond strength include the decrease in
the Ca/P ratio and microhardness value of the enamel surface. In 2018, Kiitiilk and
colleagues investigated the effects of desensitizing agents on the enamel surface in in-
office whitening. Additionally, in this study, one group had nanohydroxyapatite paste
applied before teeth whitening. Extracted human incisors were used in the study. All
samples were stored in artificial saliva for 14 days after treatment. The examinations

revealed that desensitizing agents applied before or after whitening did not affect color
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change. However, when combined with these agents, whitening treatments increased the
microhardness of enamel after a 14-day waiting period, with no significant change in Ca
and P ratios (195). In this context, it is possible to conclude that adding
nanohydroxyapatite paste to the whitening agent increases microhardness, indirectly

enhancing bond strength.

In our study, the n-HAp-containing Biowhiten whitening agent, as claimed by its
manufacturer, increases alkalinity when added to the whitening agent. The alkaline nature
of the whitening agent accelerates the oxidation reaction, allowing free radicals to form
more quickly and easily (196). On the other hand, the Whiteness HP, another agent used
in our study, has a neutral pH value. The higher bond strength in samples whitened with
the n-HAp-containing agent suggests that, considering the pH value, the alkalinity of the
Biowhiten groups resulted in less surface alteration on the enamel. This, in turn, implies

a higher bond strength.

Nanohydroxyapatite is known as a biomaterial. The working principle of a
biomaterial is to replace deficient tissue in a biologically suitable manner. In this context,
nanohydroxyapatites, having the same particle size as enamel hydroxyapatites, can easily
react with them. Dabanoglu et al. have indicated that hydroxyapatite can accumulate on

the tissue, forming a layer without chemically affecting the tooth(196).

Asaki et al. claim that when n-HAp is used with a teeth-whitening agent, minerals
are stored on the enamel surface, increasing surface roughness. This, in turn, enhances
surface adhesion, reducing adhesive failure (197). A limitation of our study is the lack of
surface roughness and SEM evaluations, so the impact of n-HAp particles on teeth

whitening in our study should be supported by additional research.

Ferraz and colleagues conducted a study in 2018 to evaluate the effects of adding
different concentrations of n-HAp to a 35% hydrogen peroxide (HP) whitening agent on
the surface enamel and deep dentin of bovine teeth, as well as the bond strength in enamel.
The treatment was applied in five groups as follows: The first group did not undergo
whitening (negative control), the second group underwent whitening with 35% HP
(Whiteness HP, FGM, Brazil) (3 x 15 minutes) (positive control), the third group
underwent whitening with 35% HP + 5% n-HAp agent, the fourth group underwent
whitening with 35% HP + 10% n-HAp agent, the fifth group underwent whitening with

35% HP + 15% n-HAp agent. Whitening treatments were performed in three sessions
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with a one-week interval between each. Throughout the procedure, the samples were
stored in artificial saliva at 37°C. After whitening, 24 hours later, the enamel surfaces
were treated with 35% phosphoric acid for 30 seconds, followed by the application of
Single Bond (3M ESPE, USA) bonding agent for 20 seconds and polymerization. Filtek
7350 XT (3M ESPE, USA) composite resin was used, and after 24 hours, the samples
were subjected to the shear bond strength (SBS) test. The examinations revealed that
adding n-HAp to the whitening agent did not make a significant difference in terms of
whitening effectiveness and did not have a significant impact on bond strength. However,
samples whitened with 35% HP + 10% n-HAp showed a lower adhesive failure rate
compared to the 35% HP group, similar to the samples without whitening (6). In our study,
when the whitening agent containing n-HAp was compared with the Whiteness HP
whitening agent used by Ferraz and colleagues, the samples whitened with the n-HAp-

containing agent showed a statistically significantly higher bond strength.
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6 CONCLUSION

Within the limitations of this in-vitro study, the following conclusions may be drawn

1.The waiting period after teeth whitening affects bond strength, and a one-week waiting
period is not sufficient to achieve optimal bonding.

2.The addition of n-HAp biomaterials to teeth whitening agents increases the bonding
strength to enamel.

3. One week waiting period is not enough to establish ideal bond strength after whitening
with nanohydroxyapatite containing agents.

It was concluded that there was a statistically significant difference in bonding strength
between the whitening agent containing n-HAp (Biowhiten) and the other whitening

agent (Whiteness HP).
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