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ABSTRACT 

Aim and Objectives: Intracoronal bleaching is a simple procedure for discolored root filled 

teeth. The bleaching agent applied inside the pulp chamber diffuses through dentine tubules to 

the cervical region of teeth initiating an inflammatory reaction, followed by bacterial invasion 

and root resorption. Carbamide peroxide is an effective alternative bleaching agents with less 

associated complications. This study was conducted with an aim to evaluate & compare 

radicular peroxide diffusion from different concentrations of carbamide peroxide gels. 

Materials and methods: Standardized endodontic access cavities were prepared in 100 freshly 

extracted human maxillary premolars and the root canals were prepared using a step back 

technique and obturated with gutta percha using lateral compaction technique. The specimens 

were intracoronally bleached using either 10%, 16% and 35% carbamide peroxide (CP) gels or 

a mixture of 30% hydrogen peroxide (HP) and sodium perborate (SP) placed into the coronal 

pulp chamber of teeth and left for 24 hours. Peroxide penetration was measured using the 

ferrothiocyanate method. Statistical analysis of data was conducted by using Kruskal–Wallis 

Analysis of Variance and Mann–Whitney U test. 

Results: Higher peroxide penetration occurred with 30% HP-SP mixture than with CP 

bleaching gels. 35% CP group promoted greater peroxide penetration than the other CP groups 

(P < 0.001). There was no statistically significant difference between 10% and 16% CP groups 

(P > 0.001). 

Conclusion: Peroxide penetration of CP gels was significantly lower than that of a HP-SP 

mixture. 

Key words: Carbamide Peroxide; Hydrogen Peroxide; Intracoronal Bleaching; Sodium 

Perborate. 

 

 



Introduction 

In this modern world, people are becoming more concerned about their facial aesthetics. 

Discoloured teeth, especially in the anterior region, can result in considerable cosmetic 

impairment.1 Endodontically treated teeth may discolour because of the incorporation of 

breakdown products from pulpal haemorrhage, pulpal remnants, root canal filling materials 

and sealers containing eugenol or silver salts.2 Intracoronal bleaching is a simple procedure for 

discoloured root filled teeth. The main bleaching agent used is a 30–35% concentration of 

hydrogen peroxide (HP), either alone or in combination with sodium perborate (SP).3 However, 

external root resorption has been reported as a serious complication of intracoronal bleaching 

with 30% HP.4 The reported incidence of root resorption is up to 6.9%.5 Although the exact 

mechanism of bleaching related root resorption is not fully understood, it has been 

hypothesized that bleaching agent applied inside the pulp chamber diffuses through dentine 

tubules to the cervical region of teeth, where it initiates an inflammatory reaction, followed by 

bacterial invasion and root resorption.6,7 This has prompted a search for alternative bleaching 

agents that are as effective as the traditional ones but without the associated complications. 

One such bleaching agent is carbamide peroxide. Carbamide peroxide was introduced in 1989 

by Haywood and Heymann for bleaching of vital teeth.2 Recently, it has been also 

recommended as a bleaching agent for non vital teeth. Aesthetic outcomes using 37% CP gel 

in a walking bleach technique have been found to be acceptable.8 Lim et al (2004)9 reported 

that 35% CP gel used as an intracoronal bleaching agent has an efficacy equivalent to 35% HP.  

In addition, a 10% CP gel has also yielded similar whitening results to SP mixed with water 

when used intracoronally.10 Lee et al (2004)11 observed that a 35% CP gel produced lower 

levels of radicular peroxide diffusion than 35% HP. However, there is no information available 

on cervical peroxide penetration from different concentrations of CP gels. If using a gel with a 

lower CP concentration could achieve acceptable aesthetic outcomes whilst minimizing 

complications related to nonvital bleaching, this would be clinically desirable. The aim of this 

in vitro study was to evaluate and compare radicular peroxide penetration from different 

concentrations of CP bleaching gels (10%, 16%, and 35%) and a mixture of 30% HP and SP. 

 

Materials and Methods 

100 fresh, intact, single-rooted human maxillary premolars extracted for orthodontic reasons 

from young adults were collected. All the teeth were extracted with minimal trauma without 

the use of elevators and with the beaks of the extraction forceps covered with gauze. Following 



extraction, the teeth were placed in distilled water and soft tissue covering the root surface was 

gently removed using gauze soaked in 5% sodium hypochlorite.Standardized endodontic 

access cavities were prepared in the occlusal surfaces. Root canals were prepared to size 30 

master apical file (Dentsply, Maillefer), using a stepback technique and then filled with 

guttapercha (Dentsply, Maillefer) and AH Plus root canal sealer (Dentsply, Maillefer) using a 

lateral compaction technique. The gutta-percha filling was removed 4 mm below the CEJ using 

hot pluggers. Remnants of gutta-percha and sealer were removed from the access cavity with 

a cotton pellet soaked with alcohol and the pulp chambers of teeth were rinsed thoroughly with 

distilled water. A 2-mm-thick layer of    glass–ionomer cement (GC Fuji Type II Gold Label, 

Japan) was applied as a base and the outer root surfaces, including the apical foramina and 

apical third of the root, were sealed with two layers of nail varnish. Specimens were placed in 

an incubator for 1 hour at 37°C. 

The teeth were divided into five groups of 20 teeth each. In Group I (control group), distilled 

water was placed into the pulp chambers of teeth. The pulp chambers of experimental groups 

II, III, IV and V were filled with 0.4 ml of bleaching agents consisting of 10% CP gel 

(Opalescence, Ultradent Product, Inc. USA), 16% CP gel (PolaNight, SDI), 35% CP gel 

(Opalescence, Ultradent Product, Inc.USA) and, a mixture of 30% HP (Rankem, India) and SP 

(S D Fine Chem. India), respectively. Then the teeth were mounted with parafilm (Parafilm-

M, Neenah, WI, USA) in plastic tubes containing 2 ml of distilled water so that the entire root, 

including the CEJ, was immersed. Access cavities were completely sealed with a temporary 

filling material (Cavit, 3M-ESPE) and left for 24 h at 37°C in an incubator. 

Following the bleaching treatment, teeth were removed from plastic tubes and the amount of 

peroxide in each tube was measured using the ferrothiocyanate method, in which colourless 

ferrothiocyanate is oxidized by peroxide to red ferrithiocyanate12, the optical density of which 

is measured using a UV-visible spectrophotometer (S2100 UV+ Spectrophotometer, Cole 

Parmer) at a wavelength of 480 nm (at room temperature). Amounts of HP in samples were 

determined by comparing them to a standard calibration curve obtained using 30% HP stock 

solution (Rankem, India) diluted with distilled water. 

Statistical analysis of data was conducted by using the Kruskal–Wallis Analysis of Variance 

and Mann– Whitney U test. 

 

 



Results  

Statistically significant differences between the groups were observed (Table 1). Group V (30% 

HP-SP mix) had the highest peroxide penetration amongst the groups, followed by Group IV 

(35% CP) (P < 0.05). Similar amounts of peroxide penetration were found amongst Group III 

(16% CP) and Group II (10% CP), both of which were lower than Group IV (P < 0.05). No 

radicular peroxide was observed in Group I (control group). 

Discussion 

This study compared radicular peroxide penetration levels of various concentrations of CP gels 

and HP-SP mixture used as intracoronal bleaching agents over a time period of 24 hours at 

37°C. Grossman (1991)13 suggested that maximum bleaching effect is attained in first 24 hours 

of bleaching.  A temperature of 37°C was used so as to simulate the human intraoral 

temperature.14 

Koulaouzidou et al (1996)3 described that the defects in cementoenamel junction causes higher 

radicular peroxide penetration and maximum is found when dentine is exposed due to loss of 

overlying cementum. Thus, in the present study, maxillary second premolars were selected as 

Schroeder and Scherle (1988)15 found no dentine exposure at the cementoenamel junction in 

maxillary second premolars.  

Fernando and Wong (1991)16 recommended the placement of an intracoronal isolating barrier 

material 2mm below the cementoenamel junction because it achieves a more acceptable 

aesthetic bleaching result of the crown than did the placement of barrier material at the 

cementoenamel junction and prevents the penetration of 30% hydrogen peroxide solution into 

the root canal. Therefore, in this study, 2 mm thick glass–ionomer cement was applied over the 

root canal filling 2mm below the cementoenamel junction. 

Lee GP et al (2004)11 recommended that 0.4 ml of bleaching agent is sufficient for intracoronal 

bleaching. Thus 0.4 ml of bleaching agents was used in each group so as to standardize the 

amount in each group.   

Various methods employed for hydrogen peroxide quantification include titration method, 

spectrophotometry, chemiluminescence, chromatography, fluorescence method, enzymatic 

method and electro-chemical analysis. Out of these, spectrophotometric method used in the 

present study is a rapid, precise and inexpensive method to quantify the hydrogen peroxides 

content.17 This method has been used by a number of researchers in determining levels of HP 

radicular penetration3,18,19  

Rotstein et al. (1991)19 found that peroxide diffused readily to the cervical region of teeth from 

30% HP. The present study found that peroxide from CP gels and a mixture of HP and SP also 



penetrated to the cervical region; however, greater amounts of radicular peroxide were detected 

with the HP-SP mixture (1.780 mg/mL) when compared to the CP gels  (0.197–0.906  mg/mL). 

This finding is consistent with a study conducted by Lee GP et al (2004)11, which observed that 

the use of 35% HP resulted in greater amounts of radicular peroxide when compared to 35% 

CP gel. 

The walking bleach technique is probably the most popular option for bleaching of root filled 

teeth. In this technique, SP is frequently used in combination with HP, which breaks down into 

free radicals that eventually combine to form water and molecular oxygen, which oxidizes the 

stained areas. In addition, the decomposition of SP with the formation of HP upon contact with 

water may release active oxygen that initiates the bleaching process (Haywood 1992). Amounts 

of radicular penetration of HP have been shown to be dependent upon the form of SP (mono-

tri-tetra hydrate) used in intracoronal bleaching.20 Despite reports and recommendations that 

SP mixed with water is the safest alternative21, Weiger et al (1994)20 observed no significant 

differences in radicular peroxide penetration between a SP trihydrate-30% HP mixture and a 

SP tetrahydrate-water mixture. For this reason, this study evaluated an SP trihydrate-30% HP 

mixture, which is still widely utilized in clinical practice. 

The 10%, 16% and 35% CP gels used in this study are recommended by their manufacturers 

as suitable for both vital and nonvital bleaching. In the present study, all the bleaching agents 

were used intracoronally. It is generally argued that greater HP concentrations of bleaching 

products result in higher levels of peroxide penetration.22,23,24 This study also found a 

correlation between concentration and peroxide penetration, with lower peroxide penetration 

levels found with 10% and 16% CP gels compared to the 35% CP gel. 

In this study, the amount of radicular peroxide detected in the 35% CP gel group was less than 

half of that detected in the 30% HP-SP group, and the amounts detected in the 10–16% CP 

groups were approximately one-tenth of that detected in the 30% HP-SP group. These results 

could appear to be clinically significant. Although the bleaching efficacy of these agents was 

not evaluated, considering the low levels of extra-radicular diffusion found in this study and 

the successful whitening effects reported in the literature (Perrine et al. 2000), 10% or 16% CP 

gels may prove to be the intracoronal bleaching agents of choice. 

Conclusion 

Both HP and CP bleaching agents penetrate to the extra-radicular region of teeth; however, the 

level of peroxide penetration from CP gels was significantly lower than that of an HP-SP 

mixture. CP gels may carry less risk of post-bleaching external root resorption than HP-SP 

bleaching agents. 
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Table1. Radicular peroxide released (at 37°C, 24 hours) 

Groups 

(N=20) 

Absorbance 

(Minimum-Maximum) 

Mean Radicular Peroxide 

Penetration (mg/ml) 

(Mean ± Standard Deviation) 

I 

II 

III 

IV 

V 

0 

0.133-0.304 

0.145-0.339 

0.643-1.258 

0.889-3.076 

0 

0.197 ± 0.056  A 

0.211 ± 0.064  A 

0.906  ± 0.147  B 

1.780  ± 0.837  C 

 

  *Statistically significant differences are shown by different alphabetical (A, B and C) letters 

(P < 0.05). 

 

 

 


