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Introduction 

Teeth whitening or teeth bleaching is a procedure which represents the 

most traditional way to modify the color of teeth. Whitening is often 

desirable when teeth become yellowed over time for a number of reasons. 

Hydrogen peroxide (H2O2) is the active ingredient most commonly used in 

whitening products and is delivered as either hydrogen peroxide 

or carbamide peroxide. (Pontes et al., 2020). 

Hydrogen peroxide is analogous to carbamide peroxide as it is 

released when the stable complex is in contact with water. The hydrogen 

peroxide (H2O2) act as a dental oxidizing agent which breakdown the 

colouring substances (chromogens) within or on the tooth resulting in 

effective color change (Clifton, 2014).                  

There are three essential methods regarding to bleaching of the vital 

teeth include in-office (power bleaching), at-home (dentist supervised night-

guard bleaching), and bleaching with over-the-counter (OTC) products 

(Goldberg et al., 2010).  

The advantages  of tooth bleaching such as preservation of tooth 

structure, lower cost and satisfactory cosmetic results have been reported, 

however, the hydrogen peroxide can results in different adverse effects in 

the tooth structure by diffusion of its degradation through enamel, dentin 

reaching  the dental pulp. These adverse effects include  irritation of the soft 

tissues, dental hypersensitivity, changes in the structure of the enamel, 

dentine, restorative materials surfaces and changes in the pulp tissue 

(Karaarslan et al., 2019). 

 

    



2 
 

Review of Literature 

1.1 Tooth staining 

According to the Glossary of Prosthodontic Terms, ‘‘stain’’ has been 

defined as the “discoloration of a tooth surface or surfaces as a result of 

ingested materials, bacterial action, tobacco, and/or other substances” (The 

Glossary of Prosthodontic Terms, 2017).  

There are three categories for tooth discoloration as extrinsic, intrinsic 

and later presented a third category called internalized discoloration 

(Kapadia and Jain, 2018). Regarding Intrinsic stains, there are several 

conditions can cause this type of stain such as: amelogenesis imperfecta, 

dentinogenesis imperfecta, fluorosis, enamel hypoplasia, tetracycline 

staining, root resorption and aging (Sulieman, 2005). 

Extrinsic stains can be classified as non-metallic and metallic stains. 

The non-metallic stains are absorbed by acquired pellicle or plaque on the 

tooth surface (Prathap et al., 2013). Metallic stains are might be related to 

occupational contact to metallic salts or by a number of medicines involving 

metal salts (Kapadia and Jain, 2018). 

 The third category which is Internalized discoloration can be caused 

by defect on tooth surface which allows the chromogenic bacteria to enter 

the tooth and finally leading to staining. There are three types of defects 

including developmental defects which also cause intrinsic staining (enamel 

hypoplasia, fluorosis), acquired defects (attrition, abrasion, and erosion) and 

defects from restorative materials like amalgam causing tooth staining due to 

the movement of tin into dentinal tubules (Sulieman, 2005; Mortazavi, 

2014).  
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Tooth discoloration can be treated by different treatment methods 

including bleaching (Majeed et al., 2015), enamel microabrasion (Pini et 

al., 2015) and porcelain veneers (Kanokrungsee and Leevailoj, 2014). 

These treatment modalities may be used individually or in combination 

according to the etiology and degree of the staining (Kapadia and Jain, 

2018). 

1.2 Definition of vital teeth bleaching 

The vital teeth bleaching is a treatment used to reestablish the actual 

natural color of vital teeth or to achieve a whiter color and represents a 

popular treatment in dentistry. The dental bleaching is oxidizing agent, 

mainly composing from hydrogen peroxide (H2O2) remove the coloring 

substances by penetration through the dental enamel and dentin (Casado et 

al., 2018).  

The American Dental Association established guidelines for the 

approval of bleaching products. “Peroxide-containing tooth whitening 

products are classified into three categories: professional in-office agents, 

professionally supervised agents for use by patients (at- home), and over-the 

counter (OTC) bleaching products” (Kihn, 2007). 

There are different forms of peroxide, such as hydrogen peroxide, 

carbamide peroxide, sodium perborate,and chlorine dioxide and vary in their 

methods of application and available in different products such as gels in 

trays, films ,strips, or paint-on gels, all of them have been revealed to be 

appropriate methods (Nadhum and Al-Khafaji, 2014). 

For at-home bleaching, the recommendations reveal by using a low 

concentration of bleaching agent (10-21% carbamide peroxide). With regard 

to in office bleaching, hydrogen peroxide concentration is range from (25-
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40%) while over-the counter (OTC) bleaching products hydrogen peroxide 

concentration is range from (3-6%) (Vaz et al., 2016).  

1.2.1 Mechanism of action of dental bleaching agent 

 Stains are classically composing of organic compounds that possess 

prolonged chains of alternating single or double bonds and are referred to 

chromophores. The action of bleaching technique is characterized by 

chemical degradation of the chromophores (Carey, 2014; Joshi, 2016). 

The active ingredient in vital tooth bleaching is hydrogen peroxide 

(H2O2), which is usually delivered in commercial agents as hydrogen 

peroxide (H2O2) or Carbamide peroxide (CP). CP is a stable complex but 

when contacts with water break down and release H2O2 and urea. Three 

distinctive phases can be recognized bleaching method (Diffusion, 

Interaction, Surface change and color) (Alqahtani, 2014; Kwon and Wertz, 

2015). 

1- Diffusion 

In the first phase H2O2 with aid of an activator (chemical or physical) 

dissociates into hydroxyl radical, hydroperoxyl radical anion, hydroperoxyl 

radical, superoxide radical anions, and superoxide radical cations. These free 

radicles called reactive oxygen species (ROS) have a low molecular weight 

and capable of penetrate through the interprismatic spaces in the enamel and 

through the dentinal tubules in dentin to interact with the organic 

chromophores (Kwon et al., 2002). 

Generally, hydrogen peroxide dissociation and penetration had been 

found to be enhanced according to different factors including: higher 

hydrogen peroxide concentrations, prolonged application, increased 

temperature, in young teeth where have larger sizes of the dentinal tubules 
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than older teeth, the tooth with restorations, acidic pH and light activation 

(Xu and whang, 2011; Patri et al., 2013; Kwon and Wertz 2015). 

2- Interaction 

The second phase is involved generally from the interactions of H2O2 

degradation with the organic chromophores and this interaction named as the 

“Chromophore Theory’’. There are different factors influences on the 

activity of the free radicals including: The temperature, pH, light, and 

presence of metal cations (Alqahtani, 2014; Joshi, 2016).  

When free radicals break one or more double bonds or oxidize the 

chromphores, the discolored teeth appear bleached and whiter in color this 

process known as redox reaction (Machado et al., 2016). The results from 

these reactions are products, which are low in molecular weight reflect less 

lights and removed easily from the tooth (Figure 1.1) (Bonsor and 

Pearson, 2012). 

 

 

 

 

 

 

 

 

 

 

Figure (1.1): Diagram showing the oxygen free radical species entering the tooth, the 

chemical reaction and the products of the reaction leaving the tooth (Bonser and Person, 

2012). 
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3- Surface change and color  

The third phase which is the final phase of bleaching process is 

actually associated with identifying the color change through the changing 

the tooth surface that became reflects the light differently. Several factors 

effect on the perception of tooth color, including the type of light, the object, 

and the viewer. The tooth color is recognized by diffuse reflectance from the 

dentin through the outer translucent enamel surface. According to color 

vision, the only light that human eye can observe is the reflected light 

(Kwon and Wertz, 2015).  

 The dentin is a main factor in determining tooth color moreover it is 

essential when considering the mechanism of tooth bleaching, in previous 

study estimated the separate role of enamel and dentin to changing in tooth 

color during bleaching, and established that the overall change was 

extremely influenced by the dentin (Turkun et al., 2002).  

It is well recognized that diffuse reflection is more through the rough 

surface, making the object brighter, while the smooth surface triggers to less 

reflection. Within the same context, previous studies found that 

demineralization during tooth bleaching might effect to the whitening 

efficiency (Kwon et al., 2002; Jiang et al., 2008).This probability was 

supported by a study suggested that color regression is associated with 

increasing mineral uptake after tooth whitening (Li et al., 2010). 
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1.2.2 Composition of commercial bleaching agents: 

The bleaching agents comprise both active and inactive ingredients: 

1- The active ingredients: 

A- Hydrogen peroxide (H2O2): The characteristics of (H2O2) including 

liquid without color, with a bitter flavor and is extremely soluble in water to 

give an acidic solution. H2O2 is an oxidizing agent and has several of 

applications in industry such as in bleaching hair and fur, act as seed 

disinfectant and use in wine distillation as a neutralizing agent (Tredwin et 

al., 2006; Goldberg et al., 2010). 

Generally it is somewhat more viscous than water, and has a molar 

mass of 34.01g/mol. it can penetrate through dentin, due to its low molecular 

weight which will releases oxygen and thus breakdowns the double bonds of 

the organic compounds that located inside the dentinal tubules. The 

concentration of hydrogen peroxide that use in dentistry ranging from 3-40% 

(Plotino et al., 2008).  

B- Carbamide peroxide (CH6N2O3): Is really a white transparent solid, 

when interacts with water it releases oxygen. It used in different whitening 

products for instance over-the-counter and at- home bleaching. The actual 

concentrations utilized in bleaching agents ranges from 10-35%. Carbamide 

peroxide with concentarion 10% solution breakdowns into 3.35% hydrogen 

peroxide and 6.65%urea (da Silva Marques et al., 2012). Usually 

Carbamide peroxide products comprise a carbopol base which slow down 

the release of hydrogen peroxide and remain active for a longer period of 

time (De La Pena et al., 2014). 

C- Sodium perborate (NaBO3): Is really a white, water-soluble, odorless 

and available as a powder. Although it is stable when dry, while in the 
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presence of acid, warm air, or water, it is breakdown to release hydrogen 

peroxide, sodium metaborate and oxygen (Kwon and Wertz, 2015). 

D- Chlorine dioxide (ClO2): is a powerful and suitable oxidizing agent. In 

spite of the safety concerns, previous in vitro study revealed that 0.07% of 

chlorine dioxide whitened teeth in a faster rate than 35% of hydrogen 

peroxide, however it has many harmful effect on teeth for example teeth turn 

out to be permanently sensitive and lack of tooth original appeal 

(Greenwall, 2008; Ablal et al., 2013). 

2- Inactive ingredient: 

A-Thickening agents: The most frequently used thickening agent in 

bleaching agents is Carbopol (carboxypolymethylene). This agent has two 

main advantages. First, it makes the bleaching materials more viscose, that 

makes the bleaching gel retain in the tray for longer period. Second, it 

increases the active oxygen-releasing time in the bleaching products by 

around four times (Rodrigues et al 2017, Alqahtani, 2014). 

B-Carrier: The most frequently used carriers in marketable bleaching 

materials are glycerin and propylene glycol. The carrier can preserve 

moisture that helps to dissolve other ingredients. The sore throat that occur 

during bleaching arise from swallowing of glycerin in the solution or gel 

(Joiner and Thakker, 2004; joshi, 2016). 

C-Surfactant and pigment dispersants:  Bleaching gels is more effective 

with surfactant or pigment dispersants than those without them. The function 

of surfactant is permitting the active ingredient in bleaching agent to diffuse 

(Gerlach et al., 2002; Alqahtani, 2014). 

D- Preservative: Different preservative substances available but sodium 

benzoate methyl and propylparaben are commonly used. Their function is to 

prevent bacterial growing in bleaching materials. Furthermore, these agents 
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also have the ability of releasing intermediate metals for example copper, 

iron and magnesium  which accelerate the breakdown of hydrogen peroxide 

(Joiner and Thakker, 2004; Joshi, 2016). 

E-Flavoring: Flavorings are ingredients used to enhance the taste and also 

acceptance of bleaching products by the consumer, for example include 

peppermint, spearmint, anise, and a sweetener for instance saccharin 

(Alqahtani, 2014). 

F- Additives 

-Potassium nitrate: It is superior in comparison to other additives. Five 

percent potassium nitrate acts like an anesthetic by halting the nerve from 

repolarizing after it has depolarized in the pain cycle.  Hence, it decreases 

the postoperative sensitivity without reducing the bleaching effect. It is 

effective even in light-activated bleaching  (Raymond and Cook, 2015). 

- Calcium phosphate: Lately, amorphous calcium phosphate (ACP) has 

been used in the tooth whitening products, in order to reduce sensitivity and 

add certain shine to teeth (Ciavoi et al., 2017).   

- Fluoride: Fluoride also demonstrates an additive material to bleaching 

material. Generally fluoride increases the micro hardness of the enamel. 

Bleaching gels with fluoride lead to lesser demineralization without 

changing the bleaching effectiveness. The fluoridated bleaching gels 

preserve micro tensile, bond strength and support subsequent restorative 

techniques. Fluoride decreases the sensitivity by blocking the dentinal 

tubules subsequent slow down the flow of the dentinal fluid (Joshi, 2016). 

1.2.3 Types of vital tooth bleaching procedures: 

There are actually three essential methods regarding to bleaching of 

the vital teeth including in-office (power bleaching), at-home (dentist 
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supervised night-guard bleaching), and bleaching with over-the-counter 

(OTC) products (Goldberg et al., 2010). 

1.2.3.1 In-office bleaching 

In office bleaching procedure uses a high concentration of H2O2 

ranging (25–40%). In this approach, the dentist control during the procedure 

and when the desired outcome accomplished has the ability to stop the 

procedure. The peroxide may activate according to the type of bleaching 

gels either chemically activated or physically activated (heat or light)(Hegde 

et al., 2012) 

There are different forms of curing lights used to stimulate bleaching 

gel including Plasma arc lamp, halogen curing lights, Diode lasers (both 830 

and 980 nm wavelength diode lasers), or Metal halide (Zoom) light 

(Alqahtani, 2014). The power bleaching can produce an optimum result in 

single session but some cases of severe discoloration need more than one 

session to achieve the perfect result (Joshi, 2016).  

The advantages of in- office bleaching technique include it is best for 

patients who do not deal well with bleaching procedure at home, It is 

favorite for the patient since it is provide fast result from one session and 

does not need patients compliance, while the main disadvantages of in office 

bleaching technique is more expensive, more often causes tooth sensitivity  

and can cause gingival burns (Reis et al., 2018). 

1.2.3.2 Take-home (at home bleaching, Dentist-prescribed 

home bleaching) 

At home bleaching products usually contain carbamide peroxide or 

hydrogen peroxide. The concentrations used in these product reach up to 

21% carbamide peroxide which is equal nearly to 7% hydrogen peroxide and 
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applied for at least 16 days 2 hours a day. There are many choices for 

bleaching teeth at home, the most common include tooth whitening strips and 

gels, tray-based tooth bleaching systems and tooth whitening toothpastes 

(Abouassi et al., 2011). 

Dentist-prescribed home bleaching custom-fabricated trays, tacky 

high-viscosity gels, adequate instructions, and recall exams--has been shown 

to be an effective method for bleaching teeth. Trays can be worn overnight 

or during the day with similar effectiveness (De Geus et al 2016). 

1.2.3.3 Over-the-counter (OTC) bleaching 

The concentration of whitening agent in these products is ranging (3–

6% hydrogen peroxide) which represent a low concentration comparing to 

other products. It can be applied to the teeth in several ways via strips, gum 

shields, or paint-on product formats. They are also presented as pre-

fabricated trays, toothpastes and whitening dentifrices. It should be applied 

two times each day for up to 2 weeks (Zhang et al., 2007).  

1.2.4 Adverse effects of bleaching agents 

1.2.4.1 Systemic effects 

There is more concern about the possible adverse effects of home-

bleaching agents, although their concentrations are far below those of in-

office bleaching agents, because the latter are controlled by the dentist. 

Occasionally, patients report gastrointestinal mucosal irritation, e.g., a 

burning palate and throat, and minor upsets in the stomach or intestines. 

However, most reports have concluded that the use of low concentrations of 

hydrogen peroxide in tooth bleaching is still safe (Greenwall, 2017).  

The toxicology of hydrogen peroxide has been revised by the 

“European Centre for Ecotoxicology and Toxicology of Chemicals”  

https://www.webmd.com/oral-health/guide/weighing-your-toothpaste-options
https://www.sciencedirect.com/topics/medicine-and-dentistry/palate
https://www.sciencedirect.com/topics/medicine-and-dentistry/dental-procedure
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(Burrows, 2010). Hydrogen peroxide has been establish not to be 

mutagenic, teratogenic, or carcinogenic (Greenwall-Cohen and Greenwall, 

2017). However, two  previous publications pointed out that hydrogen 

peroxide used in long-term treatment and at a high concentration might act 

as a promoter of oral mucosal damage and, moreover, have genotoxic and 

carcinogenic effects (Naik et al.,2005; Tredwin et al.,2006). 

1.2.4.2 Effects of bleaching agents on soft tissues and skin: Some 

patients may experience gingival or mucosal irritation during home 

bleaching procedures. Soft tissue irritation may be caused by an ill-fitting 

tray impinging on the gingiva and/or the use of excess material. 

Management includes simply adjusting and polishing the tray and or 

instructing the patient to use less material. During an in-office bleaching 

procedure, a higher HP (hydrogen peroxide) concentration is usually used. 

HP is a caustic substance and can cause burns of the gingival or mucosal 

tissue. Therefore, a rubber dam or light-cured resin, provided by the 

manufacturer, should always be used to protect soft tissues during in-office 

bleaching procedures (Majeed et al., 2015). 

Fortunately these burns reported them to be transient and to disappear, 

either spontaneously or in response to a decrease in the frequency of 

application, a decrease in the number of hours of usage per day or a 

cessation of the procedure for a few days and if  these burns persist can be  

treated by application of an antiseptic ointment and rehydration (Alqahtani, 

2014). 

Hydrogen peroxide  is not carcinogenic when applied topically to the 

mouse skin, but they are potent skin irritants. Notable modifications induced 

by peroxides in skin are epidermal hyperplasia and the induction of dark 

keratinocytes and H2O2 gave rise to an extensive epidermolysis, 
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inflammation, and vascular injury in rodents. This was found to be followed 

by a rapid regeneration and epidermal hyperplasia (Goldberg et al., 2010). 

1.2.4.3 Effects of bleaching agents in dental aspect 

1- Tooth sensitivity 

Tooth sensitivity represents the most commonly side effect of 

bleaching. Previous studies found that the occurrence of tooth sensitivity 

during in office or at home bleaching ranging from 18% to 78%. The 

majority (55%) may experience mild sensitivity whereas 10% experience 

moderate and only 4% may experience severe sensitivity (Tredwin et al., 

2006; Joshi 2016). Clinical trials observed that tooth sensitivity is 

temporary, and typically persists for about 4 days after the termination of 

bleaching procedure (Perchyonok and Grobler, 2015).  

The particular mechanisms of tooth sensitivity after tooth bleaching 

have not yet been completely recognized. In vitro study have revealed that 

tooth sensitivity largely results from interaction between hydrogen peroxide 

and the pulp tissue since peroxide can pass through enamel and dentin and 

reach the pulp chamber (Reis et al., 2013).   

Glycerine, used as a carrier in most bleaching agents, is hydrophilic 

and causes dehydration of tooth structure during bleaching treatment. This 

can also result in tooth sensitivity. The use of bleaching products with higher 

peroxide concentration also increases the risk of tooth sensitivity. Patients 

that have already a history of tooth sensitivity, they have a higher possibility 

for such a side effect from tooth bleaching, and this should needs to be taken 

in concern before undergo bleaching treatment (Perchyonok and Grobler, 

2015).  

Patients with existing sensitivity should be treated before starting 

bleaching treatment with desensitizing toothpastes and fluoride gels can be 
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used for 2 – 3 weeks prior to the treatment or during treatment. A neutral 

sodium fluoride gel in a tray can be worn overnight or gels containing 3% to 

5% potassium nitrate or fluoride and potassium nitrate in a tray before or 

after bleaching for 10 - 30 minutes. Furthermore, the frequency and / or 

duration of application can be reduced and the treatment can also be 

interrupted, if necessary (Majeed et al., 2015). 

2- Effects of bleaching agent on enamel surface 

During tooth bleaching, the pH of bleaching gel causes enamel 

demineralization  since it is known that enamel begins to dissolve if a 

solution with pH <5.5 was applied on it and this results in surface 

morphological change and reduction of enamel hardness (Rodrigues et al., 

2017). In contrast, bleaching gel either with neutral or alkaline pH does not 

modify the enamel roughness or neither produce harmful effects on the 

enamel surface (Nascimento et al., 2014). 

The morphological alteration of the enamel surface increased porosity 

of the superficial enamel structure, demineralization and decreased protein 

concentration, organic matrix degradation, modification in the 

calcium:phosphate ratio, and calcium loss, thereby supporting the hypothesis 

that bleaching agents are chemically active components potentially able to 

induce substantial structural alterations in human dental enamel (Figure 1.2) 

(Pinto et al., 2004; Pedreira De Freitas et al., 2010). Previous study found 

that if bleaching remains on enamel more than 60 min may cause significant 

roughness and decline in micohardness of enamel (Polydorou et al., 2018). 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/demineralization
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The bleaching cause different degree of affects according to their 

methodology, the type of bleaching agent used, the duration of application 

and  load applied. However, human enamel exhibits large regional variations 

in structure related to the differences in local chemistry (varying levels of 

mineralization, organic matter and water) and microstructure (fractions of 

inorganic crystals and organic matrix)(Braly et al., 2007). 

Figure (1.2): Scanning electron microscope of enamel surface A: A smooth and 

unchanged enamel surface morphology of unbleached tooth B: Rough enamel surface 

with mild interprismatic dissolution of bleached tooth (Pinto et al., 2004). 

The bleaching treatments induce changes in surface roughness and 

consequently influence the formation of supra- and sub-gingival plaque.  

Therefore, the adhesion of Streptococcus mutants to enamel is increased 

Such undesirable effect may have some implication on future developments 

regarding the carious decay (Hosoya et al., 2003). 

It should be considered that enamel demineralization is an undesirable 

effect resulting from bleaching agents, related to their concentration and to 

the time necessary to obtain teeth whitening. Remineralization due to saliva 

may restore gradually the mineral charge of enamel surfaces, but the specific 

A B 
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organic matrix is definitively degraded, and this alteration may interfere with 

enamel repair. Attempts to reduce the loss of mineral and the formation of 

microdefects on enamel surface were carried out with fluoride containing 

bleaching agents shown to induce less enamel surface demineralization and 

altered microhardness (Chen et al., 2008). 

3- Effects of bleaching agent on dentin 

The mechanical properties of dentin are of significant interest because 

dentin provides the bases for both enamel and cementum. Moreover, dentin 

is largely responsible for the structural integrity of the entire tooth. Slight 

changes in surface morphology and hardness have been identified in dentin 

after bleaching (de Freitas et al., 2002). It  have been hypothesized  that HP 

and CP cause changes to the organic component of dentin by a mechanism 

of dentin denaturation or protein oxidation. Protein degradation has been 

reported after treatment with HP or other antioxidants. Urea is an important 

component of CP and is commonly used in the laboratory as a protein-

denaturing agent (Berger et al., 2014). 

According to Maleknejad  et al. (2012) the scanning electron 

microscope (SEM) results showed that the bleaching with all whitening 

agents caused a significant increase in tubule diameter(Figure 1.3). The 

greatest changes in tubule's diameters has been found in 45% Carbamide 

peroxide group in spite of the fact that its hydrogen peroxide concentration 

was lower than 35% hydrogen peroxide and also it showed a significant 

reduction in calcium content. This increase in dentinal tubule diameter might 

be caused by mineral loss and widening of tubule orifices as a result of 

oxidation of proteins (Martin-Biedman et al., 2010). 
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Figure (1.3): Scanning electron microscope of dentin surface shows increased dentinal 

tubule diameter after bleaching procedure (Maleknejad et al., 2012). 

In a study conducted by Basting et al. (2003), results showed that 

the thickening agent (carbopol and/or glycerin), not just the 10% carbamide 

peroxide, caused a decrease in dentin microhardness. In addition, Faraoni-

Romano et al. (2008) studied the effects of low and highly concentrated 

bleaching agents on microhardness and surface roughness of bovine enamel 

and dentin and proved that while bleaching did not change enamel 

microhardness and surface roughness, it affected dentin in terms of 

microhardness, which seems to be dependent on the bleaching agent used. 

It has been demonstrated that the penetration of bleaching agent 

through the mineralized tissues of bovine teeth, increasing the dental 

permeability. However, some factors such as the enamel thickness, existence 

of enamel fractures and cracks, permeability, and direction of the dentinal 

tubules, influence the diffusion of bleaching agents through dentin (Berger 

et al., 2013). 

https://www.sciencedirect.com/science/article/pii/S1013905214000182#b0075
https://www.sciencedirect.com/topics/medicine-and-dentistry/thickening-agent
https://www.sciencedirect.com/science/article/pii/S1013905214000182#b0220
https://www.sciencedirect.com/science/article/pii/S1013905214000182#b0220
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 Peroxide treatment may alter the chemical structure of dentin, reduce 

the potassium levels and affect the calcium-potassium ratio. Thus, some 

manufactures of bleaching agents have added calcium and fluoride to the 

agents. This approach reduces mineral loss during bleaching treatment, with 

little influence on the organic components of dental tissues (Giannini et al., 

2006). 

4- Effect of bleaching agent on dental pulp 

Hydrogen peroxide must diffuse through the enamel to reach the 

underlying dentin, which is typically responsible for tooth color in order to 

bleach the teeth.  However, in vitro study has confirmed that because of the 

low molecular weight of H2O2 even at low concentrations can diffuse 

through dentine via the dentinal tubules and influence the pulp chamber (de 

Almeida et al., 2015).  

The penetration of H2O2 and its adverse effects on pulp can be 

enhance by a number of factors including higher concentration of peroxide 

(Vas et al., 2016), longer time of application results in releasing more ROS 

in the pulp (De Geus et al., 2016), increased temperature (Mollica et al., 

2010). The acidic pH could cause enamel surface demineralization and 

increase in the porosities of the enamel accordingly, greater and faster 

penetration of H2O2 into the pulp chamber (Balladares et al., 2019), larger 

size of dentinal tubules (Llena et al., 2018), light activation as results in 

increase the temperature of the tooth (Gonçalves et al., 2016), as well as the 

presence of restoratration as microleakage from restorations margins can be 

reflected a probable way for H2O2 penetration into the pulp chamber 

(Camargo et al., 2007). 
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Hydrogen peroxide acts as an oxidizing agent by producing free 

radicals including reactive oxygen molecules and hydrogen peroxide anions 

which are either produced by the organism like mitochondria as a normal 

cell metabolic activity or developed by exogenous sources like bleaching 

agent. Low levels of ROS serve in many different regulatory functions 

including (increased growth activity, cell proliferation, tissue repair, and 

angiogenesis) (Buchalla and Attin, 2007; Jha et al., 2017). 

Reactive oxygen radicals have the ability to diffuse through different 

mechanical barrier of the teeth as have the ability to penetrate through 

interprismatic spaces and dentinal tubules and overwhelmed numerous 

defense mechanisms, including the odontoblastic process, dentinal fluids, 

and collagen fibers consequently reach the pulp (Soares et al., 2011). 

As the free radicals contact with the pulp tissue different defense 

systems have developed to overcome the accumulation of ROS. These 

include numerous non-enzymatic molecules including vitamins A, E, C, 

glutathione, and flavonoids, as well as antioxidant enzyme including 

superoxide dismutases (SOD), glutathione peroxide and catalase 

(Martindale and Holbrook, 2002). Probably higher level of ROS will 

result in oxidative stress to the pulp cells because of the unbalance between 

the production of reactive oxygen species (ROS) and the pulpal enzymes 

that protect the pulp from H2O2 degradation which are significantly 

inhibited by the action of hydrogen peroxide in bleaching agent and this 

results in pulpal damage ranging from a temporary inflammatory reaction to 

the incidence of local necrosis (Patri et al., 2013). 

Concerning animal studies Hadi and AL-Ghaban (2020)  showed 

that the diffusion of products of a 40 % of H2O2 bleaching gel degradation 
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caused necrosis and inflammatory reaction in molars pulp of rat (Figure 1.4 

A,B). 

 

 

 

 

 

 

 

 

 

Figure (1.4): A: Histological view of unbleached  molar tooth shows normal pulp tissue 

B: Histological view of bleached molar shows diffuse necrotic areas (N) in pulp chamber 

(Hadi and AL-Ghaban,  2020).   

 

Regarding human studies de Souza Costa et al. (2010) reported areas 

of necrosis in human  lower incisors after bleaching treatment, while Kina et 

al. (2010) found that there were no pulp changes in human premolars treated 

with in office bleaching. This controversy in the pulp response regarding 

different studies because there are several factors contributing for 

penetration the H2O2 products therefore causing different degrees of 

adverse effects and responses (Kwon and Wertz, 2015). 

1.2.4.4  Effect of bleaching agent on restorative materials 

hydrogen peroxide (HP) and carbamide peroxide (CP), the most 

popular bleaching products, can change the physical properties of dental 

A B 
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restorations such as their colour, surface roughness, hardness and ion 

leakage (El-Murr et al., 2011). 

1-Amalgam 

A number of studies have found that CP and HP change the properties 

of dental amalgam restorations, such as ion leakage, microhardness and 

surface roughness. Previous study found a significant increase in the release 

of metal ions from dental amalgams exposed to different concentration of 

HP (Al-Salehi et al., 2007). Because the release of mercury, silver, copper 

and tin from the dental amalgams did not exceed the limits defined by the 

World Health Organization, it concluded that bleaching teeth with amalgam 

restorations is not a health hazard. Another study identified some factors 

involved in the bleaching treatment, such as the age of the dental amalgam, 

an unpolished amalgam surface and the acidity of the bleaching agent, as 

possible causes of increased release of mercury (Ahn et al., 2006). 

  Previous case report revealed  amalgam staining of the bleaching tray 

was detected in correspondence of the left and right first upper molars 

following tooth whitening for a week. the authors supported that this 

phenomena was related  either to surface oxidation following the bleaching 

gel exposure or the amalgam superficial chipping may be responsible for the 

finding (Figure 1.5)(Deliperi, 2007). 
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Figure (1.5): Amalgam staining of the bleaching tray (Deliperi, 2007). 

Concerned about the surface roughness and the microhardness of 

dental amalgams after bleaching procedures, some authors studied the 

impact of bleaching agents on these 2 properties and found no significant 

changes (Ahn et al., 2006; Al-Salehi et al., 2007 ). 

Coating of amalgam restorations with a protective varnish such as 

Copalite before bleaching procedure has been reported to reduce release of 

mercury into the surrounding environment. The corrosion potential of 

amalgam is also decreased if restorations are polished prior to the bleaching 

therapy, However, clinicians should monitor defective amalgam restorations 

during the tooth whitening therapy. Alternatively, their replacement should 

be considered prior to bleaching (Deliperi, 2007). 

2-Porcelain 

A number of articles have studied the impact of bleaching treatment 

on the physical properties of ceramic restorations. In previous vitro study 

revealed that porcelain had a rougher surface after 21 days of exposure to 

10% and 35% CP. According to the authors, the changes over the 
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porcelain’s surface may have been caused by a reduction of silicon dioxide 

(SiO2) and potassium peroxide (K2O2) molecules (Moraes et al., 2005). 

Because the increased ceramic roughness could lead to more plaque 

retention, bacterial adherence and gingival irritation, the authors suggested 

protecting these materials with a barrier before bleaching to preserve the 

integrity of the ceramic surface. Laboratory studies of in-office (38% HP) 

and at-home (15% CP) bleaching agents concluded that the microhardness 

of ceramic restorations was not affected 30 days after the end of the 

bleaching procedure (Polydorou et al., 2007). 

While other study  found a significant decrease of 15% in the surface 

microhardness of porcelain 30 days after bleaching with 10% and 16% CP. 

Overall, these studies show that bleaching could affect the microhardness 

and surface roughness of porcelain (Turker and Biskin, 2002). 

3-Glass Ionomer Cement and Resin-Modified Glass Ionomer Cement 

Several studies have evaluated the effects of bleaching agents on glass 

ionomer and resin modified glass ionomer cements. A previous study found 

a significant difference in the colour of a conventional glass ionomer cement 

restoration after 4 weeks of bleaching. Additionally SEM revealed a slight 

surface dissolution (Li and Yu, 2009).  

Similarly, another study found alterations, such as cracks and pits, in 

the surface of the glass ionomer cement, which were explained by the ability 

of the bleaching agent to alter the surface properties of the material. The 

authors also found that bleached glass ionomer restorations were more 

susceptible to different staining solutions such as red wine, herbal tea, Coca 

Cola and coffee (Figure 1.6)(Yu  et al., 2009). 
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Figure (1.6): Environmental scanning electron microscope observation of the glass-

ionomer cement specimens A: unbleached specimen shows few cracking areas B: 

bleached specimen shows more cracks and pits on the surface (Yu  et al., 2009). 

Other study found a softening effect and a significant decrease in their 

surface hardness. The author attributed these results to multiple air bubbles 

mixed into the material that can affect the final properties of the restorations. 

Consequently, because glass ionomer and resin modified glass ionomer 

cement restorations are changed when bleached, they may need to be 

replaced (Taher et al., 2005). 

4-Composite Resins 

Many studies have examined the changes that bleaching causes in the 

characteristics of composite resins, a material commonly used for esthetic 

dental treatments, such as colour, surface hardness and roughness, staining 

susceptibility and microleakage. Previous study found significant changes in 

the color of nanohybrid and packable composite resins after bleaching with 

15% CP (Li and Yu, 2009). Another study found that this difference was 

especially noticeable when a high peroxide concentration (35% HP) was 

A 

B 

B 

A 
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used on low-density resins such as microfilled composite resin. In both 

studies, the color change was clinically acceptable (Hubbezoglu et al., 

2008). 

Hannig et al.(2006) reported a significant decrease in the surface 

hardness of bleached composite resins, not only on superficial surfaces, but 

in the deeper layers of the filling materials as well. Similarly, another 

research study concluded that bleaching with different peroxide 

concentrations significantly decreased the surface microhardness of a 

microfilled composite resin. These results were related to the high oxidation 

and degradation of the resinous matrix in the composites (Taher et al., 

2005). 

Yu et al. (2009) found that bleached composite resins stain more 

easily than unbleached ones. The authors suggested that this staining could 

be caused by alterations in the surface of the bleached restorations. Unlike 

enamel, composite restorations do not change color when bleached. 

Therefore, they may not require replacing to match the color of bleached 

enamel after teeth whitening (Villalta et al., 2006). 

1.2.4.5  Effects of bleaching agent on enamel ⁄ dentine bonding 

Bleaching may effects on Bonding to enamel ⁄ dentine, most of the 

studies showed that when bonding procedure was achieved directly after 

completion of bleaching treatment, both tensile strength and shear strength 

of composite resin bonds to enamel considerably reduced (Topcu et al., 

2017). 

Bleaching can also adversely effects on bonding between glass 

ionomer and dentine and this because of precipitations of hydrogen peroxide 
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on the cut surface of dentin (Muraguchi et al., 2007). It have been 

suggested to solve these clinical problems related to bleaching procedures, 

delaying bonding and waiting up to 10 days after bleaching procedure (Oz 

and Kutuk, 2018). 
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Conclusion 

The increasing demand for a better appearance and whiter smile, has 

made vital tooth-bleaching (also referred to as tooth-whitening) a popular 

dental procedure. It has developed into one of the fastest growing areas of 

aesthetic dentistry. It provides a more conservative treatment approach for 

discolored teeth as compared to other restorative treatment modalities such 

as composite fillings, veneers or crowns. However, many adverse effects of 

vital tooth bleaching were revealed on tooth structures, soft tissue and 

restorations. 

 Altogether, all these effects have to be taken into consideration prior 

to deciding if a whitening treatment is necessary or, for that matter, safe. In 

many cases, it seems rather an artificial cosmetic fashion requirement than a 

deserving cause. Finally, the control of bleaching effects should stand in the 

hand of dental surgeons (or at least be under their control), and entists 

should educate themselves to be able to inform their patients about the 

benefits and risks of different whitening methods based on the current 

scientific evidence and to suggest the best treatment option based on a 

correct diagnosis. 
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