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Abstract: The teeth frequently become discolored in time due to the endodontic treatment residues in the pulp 
chamber or hemolytic products accumulated in the dentine tubules after trauma. This condition may cause 
psychosocial problems for patients. Nonvital bleaching has gained popularity due to its conservative nature and 
low cost to overcome this unpleasant condition. This article will give an overview of nonvital bleaching techniques, 
materials and regimens used, bleaching procedure and side-effects.
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1. Introduction

Nowadays, people often refer to dentists to have neatly arranged, light-colored, natural-looking teeth. 
It is even possible to say that aesthetical expectations almost surpass functional needs. However, the 
dental profession should maintain high ethical standards and do not recommend cosmetic adjustments 
to suit the patient’s demands.

Central and lateral incisors are the most affected teeth as a result of trauma, 69% and 20% respectively 
(Abbott, 1997). After dental trauma, the teeth may become discolored in time due to the endodontic 
treatment residues in the pulp chamber or hemolytic products accumulated in the dentine tubules 
(Abbott and Heah, 2009). The discoloration in the anterior region is a cosmetic problem that needs to 
be treated since the discolorations in the nonvital teeth are easily distinguishable. Discoloration in the 
nonvital teeth is usually asymmetrical and concerns a single tooth; however, it can rarely involve several 
teeth due to trauma. Endodontic materials in the pulp chamber (especially silver-containing pastes) and 
necrotic byproducts are the main causes of the discoloration. Inadequate irrigation after pulp extirpation 
is the most frequent iatrogenic cause. Although the exact mechanism of the discolorations caused by pulp 
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degeneration is not very clear, it is thought to be caused by hemolytic products penetrating to dentin. 
These products are hemosiderin, hemin, and hematoporphyrin which release iron as the colorant. These 
substances extending to the dentin tubules can combine with bacterial byproducts and lead to yellow-
brown discolorations (Eisenberg, 1975).

Although the discoloration can be treated with restorative treatments, it can also be successfully 
treated with bleaching. Bleaching is a more conservative option than other restorative options and 
can be applied easily and safely (Kihn, 2007). In addition, bleaching is cheaper than complicated 
restorative treatments. Although the mechanism of bleaching is not fully understood (Sulieman, 2004), 
it is widely accepted that the bleaching agent penetrates hard tissue to oxidize chromophores and 
reduce discoloration (Joiner, 2004). The success of the nonvital teeth bleaching mainly depends on 
the etiology of the discoloration, the correct diagnosis of the problem, and the selection of proper 
bleaching techniques.

Bleaching of discolored, pulpless (nonvital) teeth were first proposed by Truman in 1864 (Truman, 1864). 
Various agents, such as chloride, sodium hypochlorite, sodium perborate, and hydrogen peroxide have 
been applied alone or in combination (Howell, 1980). Heat is also often used for the activation of the 
bleaching agent (Dahl and Pallesen, 2003). In 1961, walking bleach technique was introduced based on 
keeping sodium perborate and water mixture in the pulp chamber between patient’s appointments 
(Spasser, 1961). This technique was modified by mixing sodium perborate with 30-35% liquid hydrogen 
peroxide instead of water to increase the bleaching efficiency (Nutting and Poe, 1963). In the 1960s, 10% 
carbamide peroxide, which its bleaching effect was noticed coincidentally, gained popularity with the 
nightguard vital bleaching technique in 1989 and started to be used in nonvital bleaching techniques 
(Haywood and Heymann, 1989).

Today’s bleaching systems mainly based on the use of hydrogen peroxide, sodium perborate, or carbamide 
peroxide with an activation such as heat or light. They can be applied externally or internally to the 
discolored nonvital tooth to oxidize chromophores in the dentin (Sulieman, 2008).

2. Discolorations

The appearance of the teeth differs according to the light reflecting and absorbing properties of dental 
tissues consisting of enamel, dentin, and pulp. Although the natural tooth shade is similar to dentin, the 
transparency and thickness of the enamel are also effective in the appearance (Greenwall, 2001). Dental 
discolorations are classified as extrinsic, intrinsic and internalized staining (stain internalization). Extrinsic 
discolorations occur when external chromogens settle on the tooth surface or in the pellicle. Intrinsic 
discolorations occur either locally due to the chromogens presenting inside the dentin or systematically. 
It is stated that internalized discolorations begin externally and they spread internally through the defects 
found in enamel (Sulieman, 2008). The discoloration of nonvital teeth often involves dentin and is of 
intrinsic origin.
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3. The Etiology of Intrinsic Discolorations

The causes of internal discoloration are genetic disorders, drug administration (especially tetracycline), 
fluorosis, childhood diseases with high fever, dental traumas, iatrogenesis and intracanal medicaments 
used for endodontic treatment (Plotino et al., 2008) (Table 1). After root canal treatment, the teeth 
may become discolored due to endodontic materials, pulp remnants, hemorrhage during root 
canal treatment (Watts and Addy, 2001). The treatment of intrinsic discolorations is more complex 
than that of extrinsic discolorations. Although the discolored tooth regains its natural color with 
intracoronal bleaching, the prognosis of the bleaching varies depending on the endodontic sealer 
type and duration after the endodontic treatment (van der Burgt and Plasschaert, 1986). For instance, 
stains made by metallic ions are difficult to bleach. Therefore, all residues inside the pulp chamber 
should be removed with burs, ultrasonic scalers, or air-abrasion before starting intracoronal bleaching 
procedure. The reasons for intrinsic discoloration with the indication for nonvital bleaching are as 
follows:

3.1. Pulp Necrosis

Intrinsic discolorations due to pulp necrosis are caused by the accumulation of hemorrhagic products 
in dentine tubules (Grossman et al., 1995; Ho and Goerig, 1989). Pulp inflammations due to bacterial, 
mechanical or chemical irritations can result in necrosis. Necrotic products penetrating from the pulp 
complex into the dentin tubules as a result of necrotic processes cause discoloration in the dentin (Attin et 
al., 2003). The nature of the discoloration depends on the time elapsed after pulp necrosis; i.e. the longer 
the chromogenic components remain in the pulp chamber, the greater the intensity of discoloration. 
Such discolorations are generally bleached intracoronally (Rostein, 2002).

Table 1. The etiology of the intrinsic discolorations (Plotino et al., 2008)

Pre-eruptive factors Post-eruptive factors

• Dental trauma • Aging

•  Genetics (hyperbilirubinemia, amelogenesis 
imperfecta, cystic fibrosis of the pancreas)

• Endodontic materials, medications, sealers

• Intrapulpal hemorrhage

• Pulpal necrosis

• Pulp tissue remnants after endodontic treatment

• Restorative materials

• Root resorptions

•  Medications (Tetracycline)

• Metabolism (Fluorosis)
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3.2. Intrapulpal Hemorrhage

Pulp extirpation or severe dental trauma can induce hemorrhage by damaging the blood vessels in 
the pulp tissue. Chromogenic components in the blood also penetrate the dentine tubules and cause 
discoloration (Arens, 1989; Goldstein and Garber, 1995). Initially observed pink discoloration becomes 
darker and affects the whole tooth with the hemolysis of the blood cells (Guldener and Langeland, 
1993; Watts and Addy, 2001). If pulp necrosis does not occur after trauma, it is reported that this pink 
discoloration may disappear within a few months due to the revascularization (Andreasen, 1986; Watts 
and Addy, 2001).

3.3. Pulp Tissue Remnants

Discoloration that occurs after endodontic treatment can be seen as a result of excessive bleeding during 
pulp extirpation or incomplete removal of the pulp tissue. Pulp tissue remnants may remain in the pulp 
chamber when the endodontic access cavity is insufficiently prepared (Brown, 1965; Faunce, 1983). The 
discoloration mechanism of these remnants is similar to pulp hemorrhages. With intracoronal whitening, 
the tooth can be successfully restored to its original shade, but it would be more accurate to perform 
more careful endodontic treatment at the beginning and to leave no pulp remnants.

3.4. Endodontic Materials

Dental discoloration caused by endodontic materials is a common problem for both clinicians and 
patients and may impair the aesthetic appearance of endodontically treated teeth (van der Burgt et 
al., 1986a; van der Burgt et al. 1986b,). Endodontic filler, sealer or medication residues left in the pulp 
chamber cause discoloration (van der Burgt and Plasschaert, 1985; van der Burgt and Plasschaert, 
1986; Kim et al., 2000). The discoloration caused by these material residues depends on contact time 
with the dentin. Therefore, although there seems to be no problem at the beginning, the shade of the 
tooth darkens over time (Vogel, 1975). To avoid this problem, root canal filling should be completed 
at the proximal bone level.

Endodontic drugs containing barium, iodine or silver, gutta-percha, and root canal sealers may also 
cause intrinsic discoloration (Bizhang et al., 2003; Grossman et al., 1995). Discolorations caused by 
endodontic drugs or root canal pastes may be seen in orange-red, dark red, gray or black colored (Bizhang 
et al., 2003). Solutions containing phenol, cresatin, and penicillin, streptomycin or chloramphenicol 
cause slight discoloration in the dentin. The most severe discoloration is caused by N2 pastes and 
polyantibiotic pastes containing Terramycin® and tetracycline (particularly Declomycin®) (Gutiérrez 
and Guzmán, 1968).

The first developed mineral trioxide aggregate (MTA) was gray colored. It is well-known that the gray 
MTA causes tooth discoloration. The discoloration is seen in 60% of pulpotomy treatments using gray 
MTA (Hegde and Naik, 2005; Maroto et al., 2006). Therefore, white MTA was developed and white MTA 
did not show a significant difference in pulp response compared to gray MTA (Holland et al., 2001). The 
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major difference in chemical composition between white MTA and gray MTA is the concentration of metal 
oxides such as aluminium-oxide, magnesium-oxide, and iron-oxide, which are considered to be the main 
causes of discoloration. Nevertheless, tooth discoloration has been reported after the use of white MTA 
for the treatment of the vital pulp (Belobrov and Parashos, 2011; Boutsioukis et al., 2008). However, this 
discoloration occurs in the material itself, not in dentin. Therefore, a significant improvement was achieved 
in dentin shade after the removal of MTA (Belobrov and Parashos, 2011).

4. Bleaching Agents

In dentistry, hydrogen peroxide and its derivatives are preferred as bleaching agents (Goldstein and Garber, 
1995). Hydrogen peroxide can be used directly for intracoronal bleaching, as well as materials such as 
carbamide peroxide, sodium perborate, which disintegrates into hydrogen peroxide in different ratios as 
a result of chemical degradation. These bleaching agents can be used separately or in combination (Attin 
et al., 2003). For instance, sodium perborate can be used by mixing with distilled water or by mixing with 
liquid hydrogen peroxide to increase the bleaching outcome.

4.1. Hydrogen Peroxide

Most of the bleaching agents contain hydrogen peroxide as an active ingredient. Hydrogen peroxide 
plays a role as a strong oxidizing agent through the formation of free radicals, reactive oxygen molecules, 
and hydrogen peroxide anions. These reactive molecules react with long-chained dark chromophores 
to separate them into smaller, less-colored molecules (Dahl and Pallesen, 2003). Hydrogen peroxide 
may be administered directly or produced by a chemical reaction from sodium perborate or carbamide 
peroxide.

4.2. Sodium Perborate

Another commonly used bleaching agent is sodium perborate. Sodium perborate is stable when it is dry. 
However, in the presence of an acid, hot air, or moisture the sodium perborate disintegrates into hydrogen 
peroxide and free oxygen (Rotstein and Friedman, 1991). Sodium perborate is produced by the reaction 
of disodium tetraborate pentahydrate, hydrogen peroxide, and sodium hydroxide. Sodium perborate 
monohydrate, trihydrate, and tetrahydrate forms are present, and the amount of oxygen released depends 
on its form (Ari and Üngör, 2002). The monohydrate form breaks down better than tetrahydrate and has 
higher temperature stability (Schubert and Brotherton, 2011).

4.3. Carbamide Peroxide

Carbamide peroxide produces hydrogen peroxide and urea which decomposes into carbon dioxide and 
ammonia (Dahl and Pallesen, 2003). The activity of carbamide peroxide in vital and nonvital teeth varies 
according to its concentration (Lim, 2004). Carbamide peroxide gel at a concentration of 10% is often 
used in home bleaching for 4 to 8 hours a day for 2 weeks or more (Sulieman, 2008).
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5. Mechanism of Bleaching

The mechanism of tooth bleaching is not fully understood (Sulieman, 2004). It is widely accepted that 
peroxide penetrates hard tissue and free radicals oxidize to organic chromophores and reduce discoloration 
(Joiner, 2004).

Bleaching is also known as an oxidation-reduction reaction. According to the chemical theory explaining 
the bleaching reaction of hydrogen peroxide, peroxides are converted to unstable free radicals. The free 
radicals formed as a result of the decomposition of hydrogen peroxide (Fasanaro, 1992; Plotino et al., 2008) 
diffuse into the interprismatic region of the enamel and carry the small molecules that they break down 
from large organic molecules (chromophores) out to the surface with its foaming properties. These free 
radicals react with chromophores which cause discoloration in enamel and resulted in simple molecules 
that reflect less light (Chng et al., 2005; Joiner, 2004; McEvoy, 1989). As the bleaching process is continued, 
only the hydrophilic colorless structures remain, which is called the saturation point. Bleaching slows 
down at this point. If the bleaching is continued, the carbon-containing materials and the carbon bonds 
of the proteins are destroyed. Hydroxyl groups begin to divide and the substrate is divided into much 
smaller pieces. The remaining substrate rapidly converts into carbon dioxide and water, accelerating the 
enamel loss (Vilhena et al., 2019).

Benetti et al., (2004) reported that the concentration of peroxide increased during the bleaching time. 
Factors such as light and heat facilitate this reaction and accelerate bleaching (Dostalova et al., 2004; 
Ziemba et al., 2005).

Carbamide peroxide can be used in different concentrations. Tooth whitening mechanism with carbamide 
peroxide differs from hydrogen peroxide (Bulut et al., 2006). First, the carbamide peroxide disintegrates into 
hydrogen peroxide and urea. 10% carbamide peroxide disintegrates into 6.6% urea and 3.4% hydrogen 
peroxide. Then urea is broken down into carbon dioxide and ammonia (Christensen, 2003).

6. Nonvital Tooth Bleaching Techniques

Dental radiographs of the tooth should be recorded to assess the quality of root canal obturation and 
apical tissues before any bleaching procedure. If there is a failure or problem in the canal treatment, 
retreatment should be done before bleaching. Nonvital bleaching techniques include walking bleach, 
modified walking bleach, nonvital power bleaching (also known as heat- or light-activated bleaching), 
and inside/outside bleaching.

6.1. Walking Bleach

This technique was first described by Spasser and Herbert (1961) and is described as placing the mixture 
of sodium perborate and water in the pulp chamber. Next appointment, the procedure would be repeated 
until the desired shade reached. The application protocol of this technique is given in Table 2 and a case 
representing the walking bleach technique is presented in Figure 1.
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Table 2. The application of the walking bleach technique

1.  After the shade determination and initial photography taken, discolored tooth was isolated by 
rubber-dam or gingival barrier.

2.  The existing restoration is removed and the endodontic access cavity is modified to ensure that no 
pulp horns, pulp remnants, or endodontic material residues remained. Because, these remnants 
will cause recurrence.

3.  It should be ensured that all the restorative material is removed until the dentin surface is reached. 
Also, if there are superficial stains, they should also be removed using non-aggressive methods 
such as air-abrasion.

4.  To prevent cervical root resorption, the root canal filling should be removed up to the proximal bone 
level with Gates-Glidden bur. This level is approximately 2-3 mm apical of cemento-enamel junction 
(CEJ) and can be determined with the help of periodontal probe. Then, the root canal filling should 
be sealed coronally with calcium hydroxide layer and glass ionomer cement.

5.  After the root canal system sealed, the bleaching agent is applied to the pulp chamber. For the 
classical walking bleach technique, sodium perborate is mixed with distilled water to produce a semi-
thick, viscous paste as a whitening agent. In combination technique (also called as modified walking 
bleach) 30% hydrogen peroxide is used instead of distilled water. After the paste inserted to pulp 
chamber the excess water is removed by a cotton pellet. Nowadays, 10% carbamide peroxide gel is 
preferred as a bleaching agent in general. The pulp chamber is sealed with a temporary restoration 
such as glass ionomer cement.

6.  The patient was recalled depending on the bleaching material used and the treatment repeated if 
the desired shade was not reached.

The walking bleach technique was modified by placing a mixture of 30% hydrogen peroxide and sodium 
perborate in the pulp chamber. This technique is called modified or a combination walking bleach 
technique (Nutting and Poe, 1963). Hydrogen peroxide mixed with sodium perborate increases its effect 
and provides a better outcome. This process is faster and therefore results can be obtained after 1 week 
(Rotstein, 2001). In today’s walking bleach technique, 10% carbamide peroxide is inserted into the pulp 
chamber with a syringe instead of sodium perborate mixture and the patient is examined every 3 to 5 
days (Sulieman, 2008).
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Figure 1. A case representing the walking bleach technique (A) Initial photography of trauma induced discoloration 
and fracture (B) 6-month follow-up photography of the case postbleaching with 10% carbamide peroxide

6.2. Nonvital Power Bleaching

This technique is the least preferred technique due to the use of high temperature causing an increased risk 
of cervical root resorption. The hydrogen peroxide gel is applied to the pulp chamber at a concentration 
of 30-35% and activated by light or heat. The temperature is usually around 50-60°C and the heat 
activation should be interrupted after 5 minutes for 5 minutes to cool down (Rotstein, 2001). The tooth 
is reevaluated after 2 weeks to determine whether additional treatment is required and, if necessary, 
the walking bleach technique is applied (Sulieman, 2008) (Table 3). A case representing nonvital power 
bleaching is presented in Figure 2.
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Table 3. The application of the nonvital power bleaching technique

1. The tooth is prepared as in the walking bleach technique.

2.  The hydrogen peroxide gel (30-35%) is placed in the pulp chamber as a bleaching agent and 
activated by heat or light. The tooth is exposed to the activated bleaching gel for 5 minutes with 
the temperature usually between 50-60°C. Then, the tooth is allowed to cool down for 5 minutes 
and the bleaching agent is washed away for 1 minute. The tooth is dried and the walking bleach 
technique is applied.

3.  Another variation of this technique is applied using 35% hydrogen peroxide without a heat activation. 
In this technique, the whitening agent is applied both to the pulp chamber and to the facial surface 
of the tooth. As with vital tooth whitening treatment, activation is provided with the light source. 
After applying 3 sessions of 5 minutes, the tooth is washed with water and the pulp chamber is 
closed with temporary restoration. The patient is recalled after 2 weeks to assess if further treatment 
is necessary or is ready for the definitive restoration.

Figure 2. A preprosthetic case representing the nonvital power bleaching using 38% hydrogen peroxide with 
light activation (modified nonvital power bleaching) (A) Initial photography of endodontically treated tooth (B) 
Postbleaching photography after 2 weeks
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6.3. Inside/Outside Bleaching

Settembrini et al., (1997) proposed a bleaching technique called inside/outside bleaching technique using 
a combination of intracoronal and extracoronal bleaching techniques with carbamide peroxide. In this 
technique, patients are responsible for the daily at-home use of the bleaching agent and therefore the 
bleaching effect is directly dependent on their compatibility. The inside/outside bleaching technique 
uses carbamide peroxide at varying concentrations of 5%, 16%, 22% or 35%. The application protocol of 
this technique is given in Table 4 and a case representing inside/outside bleach technique is presented 
in Figure 3.

Figure 3. Inside/outside bleaching case with 10% carbamide peroxide (A) Initial photography of the patient with a 
trauma induced discoloration (B) 7-month follow-up photography of the case
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Table 4. The application of the inside/outside bleaching technique

1.  A custom fitting tray is prepared for the patient and the pulp chamber is covered only with a cotton 
pellet. The patient removes the cotton pellet with a toothpick and inject the bleaching gel into the 
cavity to start bleaching session. The patient also applies bleaching gel to the corresponding portion 
of the bleaching tray and inserts the bleaching tray to the mouth. After the insertion, the patient 
removes the excess gel with a cotton bud or a toothbrush.

2.  After 2-hours of bleaching session, the patient cleans the cavity with a provided syringe and inserts 
a clean cotton pellet. Also, after every meal, the cotton pellet is renewed in the same way.

3.  The patient must protect the cavity from food impaction by placing a cotton pellet to the cavity, 
and should not eat anything during the bleaching session.

4.  In general, it is reported that results are obtained after 5-8 applications and depending on the 
frequency of the application. Therefore, the patient is recalled for assessment after 3-7 days.

5.  When the desired shade is reached, the pulp chamber is closed with temporary restoration, and the 
definitive restoration is placed after 2-week of delay.

This technique is simply a combination of at-home bleaching technique and intracoronal bleaching 
technique. The advantage of this technique in bleaching nonvital teeth is that the bleaching agent is 
applied both intracoronally and extracoronally. In addition, vital tooth bleaching (at-home bleaching) 
and nonvital bleaching can be combined simultaneously with the inside/outside bleaching technique 
(Carrillo et al., 1998). A lower concentration, generally the use of 10%, carbamide peroxide is thought 
to reduce the risk of cervical root resorption. The main disadvantage of this technique is that patient 
compliance is necessary and that hand ability is required to place the bleaching agent into the pulp 
chamber (Sulieman, 2008).

7. Neutralization

Bleaching of endodontically treated teeth with carbamide peroxide, sodium perborate or hydrogen 
peroxide is a commonly used method for regaining natural color. However, it has been reported that 
this procedure is followed by cervical root resorption (Friedman et al., 1988; Harrington and Natkin, 
1979). Some researchers have claimed that bleaching materials penetrate periodontium and initiate an 
inflammatory process following cervical root resorption (Fuss et al., 1989). Therefore, the neutralization 
effects of the following agents were investigated.

7.1. Calcium Hydroxide

Today, intracoronal bleaching is routinely performed as a low-risk treatment method to correct the 
aesthetics of nonvital teeth. The major side effect of nonvital bleaching is cervical root resorption, which 
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can occur due to inflammation in the periodontium. The risk of cervical root resorption can be reduced 
by adequate cervical sealing and by avoiding high doses of bleaching agents (Zimmerli et al., 2010). 
Harrington and Natkin (1979) reported that the leakage of bleaching agents through dentin tubules 
can directly damage periodontal tissues and initiate an inflammatory response in the cervical region. 
Similarly, Lado et al., (1983) reported that bleaching agents could penetrate the dentin tubules and 
denature dentine in the cervical region.

Calcium hydroxide has been used in the treatment of cervical root resorption (Fuss et al., 1989). The 
mechanism that makes calcium hydroxide effective is not yet known. It has been suggested that the 
diffusion of ions from the root canal increases the pH of dental tissues, thereby inhibiting osteoclastic 
activity and activates alkaline phosphatases (Tronstad et al., 1981). On the other hand, the study by 
Lambrianidis et al., (2002) suggested that the use of calcium hydroxide as a barrier during intracoronal 
bleaching did not have a significant effect on preventing acidic pH on the external root surface. However, 
further studies are needed for the clarification of the exact mechanism.

7.2. Sodium Ascorbate

Many methods have been proposed to improve the bond strength of restorative materials to dental 
tissues after bleaching treatment. The first method that comes to mind is “delayed bonding”. Although 
it varies according to the bleaching agent used and its concentration, it is generally recommended that 
delaying the bonding for 1 to 2 weeks to recover bond strength (Lago and Garone-Netto, 2013; Miranda 
et al., 2013). Benni et al., (2014) state that the use of ethanol or acetone-based bonding agent can also 
improve bond strength to bleached enamel.

Another frequently used method is the application of antioxidant agents to the enamel surface after 
bleaching. Sodium ascorbate, α-tocopherol (vitamin E), grape seed extract (proanthocyanidins), lycopene, 
epigallocatechin gallate (green tea) are among the known antioxidants (Abraham et al., 2013; Guler et 
al., 2013; Khamverdi et al.,2013). In recent studies, sodium ascorbate has been used as an antioxidant to 
remove oxidative compounds, especially free radicals (Gutteridge, 1994; Rose and Bode, 1993; Soeno et 
al., 2008). Soeno et al., (2008) reported that ascorbic acid acts as an antioxidant agent, and ascorbic acid 
and ferric chlorite increase the bond strength to dentine. Turkun et al., (2009) reported that adhesion to 
dentin increased by 35% after applying sodium ascorbate as an antioxidant to bleached dentin.

8. Recurrence and Efficiency

Increasing rates of recurrence have been reported ranging from 10% to 49% in the literature with the 
time elapsed after bleaching (Friedman, 1997; Friedman et al., 1988; Glockner et al., 1999; Holmstrup et al., 
1988). Lise et al., compared two different intracoronal bleaching techniques (walking bleach and inside/
outside bleaching) and reported that both techniques were effective after 1-year clinical follow-up with no 
recurrence (Lise et al., 2018). Deliperi detected recurrence in 15 of 25 teeth with intracoronal bleaching as a 
result of a 5-year clinical follow-up, however, he added that the recurrence had a maximum of 6 shades on 
the VITA color scale (Deliperi, 2008) (Table 5). In another study conducted by Deliperi and Bardwell (2005), 
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the researchers reported a similar recurrence rate of approximately half of the 26 bleached teeth with up 
to 4 shades. Glockner et al., reported 79% of clinical success as a result of a 5-year clinical follow-up. In 
addition, they reported that if only the endodontic access cavity was prepared and the remaining tooth 
tissues were intact, the success rate increased to 91% (Glockner et al., 1999). According to Amato et al., 
(2006), the success rate of intracoronal bleaching after 16 years was 62.9%. In the same study, no cervical 
root resorption was observed in radiological examinations (Amato et al., 2006). Recurrence is relatively 
common in intracoronal bleaching. For this reason, some researchers recommend overbleaching the 
teeth to compensate recurrence (Bersezio et al., 2017) (Figure 4).

Figure 4. Endodontic treatment related discoloration (A) and (B) removal of endodontic material to the proximal 
bone level (C) overbleached tooth (D) 11-month follow-up photography

Table 5. Reordering of the Vita Shade Guide by value (light to dark by manufacturer)
Tab B1 A1 B2 D2 A2 C1 C2 D4 A3 D3 B3 A3.5 B4 C3 A4 C4
Rank 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Bersezio et al., evaluated the effectiveness of walking bleaching with different bleaching agents (35% 
hydrogen peroxide and 37% carbamide peroxide). They also investigated the effect of intracoronal bleaching 
on patients’ psychosocial and aesthetic self-perceptions. As a result of their study, it was reported that 
effective and satisfactory results were obtained for patients after intracoronal bleaching (Bersezio et al., 
2017). Gupta et al., reported 95% of patient satisfaction as a result of intracoronal bleaching performed 
on 41 patients with discoloration due to the trauma (Gupta and Saxena, 2014).

Color parameters L*, a*, b* established by the Commission Internationale de L’Eclariage (CIE) in 1978 
(CIELAB). This system includes a lightness variable (L*) and chromatic coordinates (red/green, a* and yellow/
blue, b*) by following human color perception. With this system, the difference between two different 
color measurements can be determined quantitatively (ΔE). Studies reported that 5 units ΔE (according 
to CIELAB color space) change is required for successful results of bleaching treatment (Bersezio et al., 
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2017). Hence, it can be interpreted that intracoronal bleaching treatment provides effective bleaching 
(Bersezio et al., 2017; Deliperi, 2008; Poyser et al., 2004). On the other hand, it was reported in a study 
that dentists were more critical in evaluating the bleaching outcome compared to patients. As a result 
of a 5-year clinical follow-up of intracoronal bleached teeth, the success rate was rated as 75% and 98% 
according to the dentists and patients, respectively (Glockner et al., 1999).

9. Cervical Root Resorption

Although cervical root resorption is the most serious adverse effect of intracoronal bleaching (Feiglin, 
1987; MacIsaac and Hoen, 1994), the underlying mechanism is not yet fully understood. The first cases of 
cervical root resorption were reported by Harrington and Natkin (1979). According to Heithersay (1999a), 
cervical root resorption was seen only 3.9% of the intracoronal bleaching cases. He also reported that 
cervical root resorption was due to orthodontic treatment (24.1%), dental trauma (15.1%) and surgical 
procedures such as periodontal or transplantation (5.1%), respectively. However, in combination with 
intracoronal bleaching and dental trauma, the cervical root resorption rate increases even more (Heithersay, 
1999b). Several long-term follow-up studies have reported that cervical root resorption can be seen even 
years after intracoronal bleaching (Abou-Rass, 1998; Aldecoa and Mayordomo, 1992; Anitua et al., 1990; 
Harrington and Natkin, 1979; Holmstrup et al., 1988; Lado et al., 1983).

It is thought that the cervical root resorption due to intracoronal bleaching is caused by the penetration of 
the bleaching agent to the periodontium. The presence of several predisposing factors that increase the 
penetration of the bleaching agent is mentioned (Baratieri et al., 1995; Friedman et al., 1988; Niederman 
et al., 1998). Dietschi (2006) recommends the use of low-concentration bleaching agents or sodium 
perborate mixed with distilled water with thin dentin walls. In this way, the penetration possibility of the 
bleaching agent into the periodontium would be reduced. In addition, an increased incidence of cervical 
root resorption has been reported in patients undergoing intracoronal bleaching at a young age (Abou-
Rass, 1998; Aldecoa and Mayordomo, 1992; Anitua et al., 1990; Friedman et al., 1988; Harrington and 
Natkin, 1979; Holmstrup et al., 1988; Lado et al., 1983), due to having relatively larger dentine tubules.

Heat activation is known to increase the efficacy of bleaching agents. It is reported that hydrogen peroxide 
applied to the pulp chamber by thermocatalytic technique can penetrate the outer surface of the tooth 
(Al-Nazhan, 1991; Dahlstrom et al., 1997; Farmer et al., 2006; Friedman et al.,1988; Friedman, 1989; Gimlin 
and Schindler, 1990; Goon et al., 1986; Lado et al., 1983; Latcham, 1986; Latcham, 1991; Madison and 
Walton, 1990; Montgomery, 1984; Szajkis et al., 1986). Therefore, the thermocatalytic technique is not 
preferred today due to the high risk of cervical root resorption (Attin et al., 2003; Friedman, 1997; Madison 
and Walton, 1990). On the contrary, cervical root resorption was not observed for sodium perborate – 
hydrogen peroxide solution with walking bleaching technique (Madison and Walton, 1990). Nowadays, 
carbamide peroxide is frequently preferred as an intracoronal bleaching agent (Bersezio et al., 2017; 
Ganesh et al., 2013; Shaheen et al., 2017; Valera et al., 2009). According to Lee et al. (2004), 35% carbamide 
peroxide showed the least extraradicular diffusion, followed by sodium perborate and 35% hydrogen 
peroxide, respectively. In addition, carbamide peroxide was found biocompatible than the hydrogen 
peroxide (Llena et al., 2019).
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Another important predisposing factor of cervical root resorption observed after intracoronal bleaching is 
cervical sealing (Plotino et al., 2008). However, cervical root resorption rate can be reduced to 1.9% at 16-
19 years follow-up (Amato et al., 2006; Heithersay et al., 1994), with a proper cervical sealing (Heller et al., 
1992). Dietschi (2006) reports that cervical root resorption is not observed after 20 years of intracoronal 
bleaching with 30% hydrogen peroxide due to correct cervical sealing. To ensure proper cervical sealing, 
it is necessary to reduce the root canal filling to 3 mm apical of the cemento-enamel junction (CEJ) and 
then a layer of calcium hydroxide covered with a cement material such as zinc phosphate or glass ionomer 
applied prior to intracoronal bleaching (Rotstein et al., 1992). Ideally, cervical sealing should be determined 
according to the visible crown length of the discolored tooth. For this, it would be appropriate to remove 
the existing root canal filling up to the proximal bone level to seal interproximal dentin tubules (Carrillo 
et al., 1998; Steiner and West, 1994) (Figures 5 and 6).

Figure 5. Proximal view of a nonvital anterior teeth
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Figure 6. Determination of the cervical sealing level (A) Measuring the clinical crown length with the periodontal 
probe (B) Checking that the endodontic material is removed to the specified level

Cervical root resorption is generally clinically asymptomatic (Plotino et al., 2008). Therefore, the bleached 
teeth should be examined radiographically in the first five years following the intracoronal bleaching. 
Early diagnosis of cervical root resorption can be treated, whereas extraction is the only option, in severe 
root resorption (Goon et al.,1986; Latcham, 1986).

Conclusion

The discolorations in nonvital teeth, particularly in the anterior region cause aesthetic problems for patients 
and can affect everyday life. Although 100% success is not achieved in all intracoronal bleaching and 
certain rates of recurrence are encountered, it is a conservative treatment that can be preferred at least 
for delaying invasive restorative treatments.

Cervical root resorption is observed in nonvital bleached teeth, especially in the presence of dental trauma 
history. Therefore, it should be ensured that adequate cervical sealing is performed firstly. On the other 
hand, the thermocatalytic technique and high-dose hydrogen peroxide applications should be avoided. 
Recurrence appears to be inevitable after Intracoronal bleaching, hence more clinical trials are needed 
on color stability for better understanding.
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