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ABSTRACT:  

Background: Intracoronal bleaching is widely employed for managing discoloration in nonvital 

teeth. However, concerns remain regarding its potential influence on the structural integrity of 

endodontically treated teeth. 

Aim: To evaluate and compare the fracture resistance of endodontically treated teeth subjected to 

intracoronal bleaching using different concentrations of carbamide peroxide. 

Materials and Methods: 60 extracted mandibular first premolars were endodontically treated, 

restored with a cervical barrier, and randomly divided into four groups (n=15 each). Group 1: 

endodontically treated teeth (Control group); Group 2: bleaching with 15% carbamide peroxide; 

Group 3: bleaching with 20% carbamide peroxide; Group 4: bleaching with 35% carbamide 

peroxide. Samples were incubated for 7 days at 37°C, followed by restoration with glass ionomer 

cement. Fracture resistance was tested using a Universal Testing Machine (Instron). Data were 

statistically analyzed. 

Results: Teeth bleached with 15% carbamide peroxide demonstrated significantly higher fracture 

resistance compared with 20% and 35% groups (p < 0.05). A concentration-dependent reduction 

in fracture resistance was observed. 

Conclusion: The findings of this ex vivo study suggest that intracoronal bleaching with higher 

concentrations of carbamide peroxide diminishes the fracture resistance of endodontically treated 

teeth. Clinicians should consider using lower concentrations to minimize the risk of structural 

compromise. 
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Introduction 

Tooth discoloration in nonvital teeth is a frequent 

esthetic concern, often resulting from pulpal necrosis, 

trauma, or previous endodontic therapy. Intracoronal 

bleaching has been established as a conservative 

approach to restore esthetics without invasive prosthetic 

options(1). Commonly used agents include hydrogen 

peroxide, sodium perborate, and carbamide peroxide in 

varying concentrations(2). Despite its effectiveness, 

bleaching agents may compromise tooth structure by 

altering the mechanical properties of enamel and dentin. 

Studies have shown reduced microhardness and fracture 

resistance following bleaching(3,2). Conversely, other 

investigations report minimal adverse effects when 

appropriate barriers and protocols are used(4,5). 

Conflicting results necessitate further evaluation of how 

concentration and exposure to bleaching agents 

influence fracture resistance. This study was designed to 

assess the effect of different concentrations (15%, 20%, 

and 35%) of carbamide peroxide on the fracture 

resistance of endodontically treated teeth, testing the 

null hypothesis that concentration does not alter fracture 

resistance. 

Materials and Methods 

Sample Selection: 60 extracted human mandibular first 

premolars of similar dimensions were collected, 

disinfected (10% formalin, followed by autoclaving), 

and cleaned using ultrasonic scaling. 

Endodontic Procedure: Access cavities were prepared, 

working length established, and biomechanical 

preparation carried out with Protaper Universal rotary 

files. Obturation was completed using gutta-percha and 

resin sealer. A 2 mm cervical barrier of Type II GIC was 

placed at the CEJ. 

Grouping: Teeth were embedded in acrylic resin and 

randomly assigned into three groups (n=15): 

• Group A (Control): Endodontically treated teeth. 

• Group B: Bleaching with 15% carbamide peroxide. 

• Group C: Bleaching with 20% carbamide peroxide. 

• Group D: Bleaching with 35% carbamide peroxide. 

Bleaching Protocol: Bleaching agents were placed 

intracoronally, & tooth restored with Type II GIC and 

then samples were incubated at 37°C and 100% 

humidity for 7 days. Agents were then removed, 

chambers rinsed, and access cavities restored with Type 

II GIC. 

Fracture Resistance Testing: Specimens were 

subjected to compressive loading in a Universal Testing 

Machine (Instron) until fracture occurred. Maximum 

load (in Newtons) was recorded. 

Statistical Analysis: ANOVA with post hoc tests was 

used to compare the average fracture resistance values. 

A p-value of less than 0.05 indicated a significant 

difference. 

Results 

Group 1 (Endodontically treated teeth) exhibited the 

highest fracture resistance, while Group 4 (35% 

carbamide peroxide) demonstrated the lowest. 

Statistical analysis revealed significant differences 

among the groups (p < 0.05), indicating a 

concentration-dependent reduction in fracture 

resistance. 

 

Groups N Mean Std. Deviation Minimum Maximum 

Group A (Control) 15 799.9347 11.45543 781.60 824.26 

Group B (15% CP) 15 771.0893 20.50407 738.53 809.16 

Group C (20% CP) 15 755.2100 25.20389 707.27 786.63 

Group D (35% CP) 15 718.7873 16.74791 681.93 743.89 
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Table 1 and Graph 1 illustrate the fracture resistance 

values across different groups. Control group 

demonstrated the greatest fracture resistance with a 

mean of  799.9347  + 11.45543  MPa followed by 

Group B (15% CP) with a mean of 771.0893 + 20.5040 

MPa. The difference noted was statistically significant 

at p=0.000. The least fracture resistance was observed 

in the group intervened with 35% CP (Group D).  

Discussion 

Tooth bleaching has become one of the most widely 

sought esthetic procedures in dentistry, with both vital 

and non-vital techniques being extensively employed to 

manage discolorations (9, 24). The mechanism of 

bleaching involves the diffusion of peroxide agents 

through enamel and dentin, where free radicals oxidize 

organic and inorganic substrates, leading to color 

change(10,11,18). While this process is effective in 

improving esthetics, concerns remain about its potential 

adverse effects on tooth structure and mechanical 

properties(12,13). Several investigations have reported 

that peroxide-based bleaching agents can reduce enamel 

microhardness, alter dentin composition, and 

compromise fracture resistance(19–22). Attin et al. also 

demonstrated a reduction in fracture toughness and 

hardness of enamel with bleaching systems(3), while 

Lewinstein et al. observed decreased microhardness of 

enamel and dentin after exposure to peroxide agents(2). 

Such effects are attributed to oxidative degradation of 

dentinal collagen and disturbance of the organic-

inorganic balance of dental hard tissues(6). The present 

study showed that intracoronal bleaching reduced the 

fracture resistance of endodontically treated teeth in a 

manner that depended on the bleaching concentration. 

Specimens treated with 15% carbamide peroxide 

demonstrated greater resistance compared to those 

bleached with 20% and 35%. These findings are 

consistent with previous reports, where both 

concentration and formulation of bleaching agents were 

shown to influence their effect on tooth structure(7,14). 

According to Sulieman(9) and Li(14), higher bleach 

concentrations and extended exposure enhance 

whitening, but this comes at the cost of the tooth's 

structural integrity. However, not all evidence is in 

agreement. Leonardo et al. reported no significant 

reduction in fracture resistance even at higher 

concentrations of carbamide peroxide(4,25). Likewise, 

Antony et al. and Bonfante et al. demonstrated that 

fracture resistance outcomes may depend more on the 

bleaching protocol and restorative techniques employed 

rather than bleaching alone(5,27). Mehrotra et al. recently 

highlighted the protective role of intraorifice barriers, 

showing their ability to minimize bleaching agent 

penetration and enhance fracture resistance(26). Such 

differences across studies may be attributed to 

variations in experimental design, tooth type, restorative 

approaches, and the use of protective barriers. From a 

clinical perspective, reviews by Zimmerli et al.(23) and 

Coelho et al.(16) stress the importance of balancing 

esthetic demands with preservation of tooth integrity. 

Similarly, Swift(17) and Alqahtani(18) noted that adverse 

effects on tooth structure and bonding are 

concentration-dependent and must be considered when 

planning treatment. The adjunctive use of light or laser 

activation has been reported to enhance bleaching 

efficacy(15), though its influence on structural 

compromise remains inconclusive. Taken together, the 

evidence indicates that intracoronal bleaching is a 

predictable esthetic solution but carries a potential risk 

of weakening tooth structure, particularly at higher 

concentrations and longer exposure times. The findings 

of this study reinforce the need for conservative 

bleaching protocols, use of lower concentrations, and 

incorporation of intraorifice barriers to safeguard tooth 

strength while achieving satisfactory esthetic 

outcomes(8,15,26). 

Conclusion 

Within the limitations of this ex vivo study: 

• Intracoronal bleaching with higher 

concentrations of carbamide peroxide reduced 

fracture resistance. 
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• Teeth bleached with 15% carbamide peroxide 

showed greater resistance compared with 20% 

and 35%. 

• Clinicians should use the lowest effective 

concentration of bleaching agent to balance 

esthetic outcomes with tooth integrity. 

Further long-term in vivo studies are 

recommended. 
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