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			ABSTRACT: This study evaluated the effects of experimentally prepared internal bleaching mixtures containing sodium perborate (SP) or sodium percarbonate (SPC) combined with distilled water (DW) or 20% hydrogen peroxide (HP) on maximum failure load, fracture pattern, and dentin microhardness. Fifty endodontically treated bovine incisors were distributed into five experimental groups (n=10): CO-RE (control restored with composite resin), SP-DW, SP-HP, SPC-DW, and SPC-HP. After two intracoronal bleaching sessions, the specimens were immediately restored with composite resin and subjected to maximum failure load testing and fracture pattern analysis. For microhardness evaluation, fifty bovine dentin specimens were submitted to the same bleaching protocols and assessed using the Knoop microhardness test. Data were analyzed using ANOVA and Tukey’s test at a significance level of 5%. The SP-HP and SPC-HP groups exhibited the lowest maximum failure load values and the greatest reduction in dentin microhardness, differing significantly from the remaining groups (P<0.05), while no differences were observed between them (P>0.05). In contrast, the CO-RE, SP-DW, and SPC-DW groups showed similar maximum failure load and microhardness values (P>0.05). Non-complicated fractures predominated in all groups. Internal bleaching protocols associated with hydrogen peroxide reduced maximum failure load and dentin microhardness regardless of the bleaching agent used, whereas protocols employing distilled water preserved the mechanical properties of the dental structure, with similar behavior observed for sodium perborate and sodium percarbonate.

			

			KEYWORDS: Tooth bleaching; Dentin; Fracture resistance; Microhardness.

			RESUMEN: Este estudio evaluó los efectos de mezclas experimentales para blanqueamiento interno preparadas mediante la combinación de perborato de sodio (PS) o percarbonato de sodio (PCS) con agua destilada (AD) o peróxido de hidrógeno al 20% (PH) sobre la resistencia a la fractura coronaria, el patrón de fractura y la microdureza de la dentina. Cincuenta incisivos bovinos tratados endodónticamente fueron distribuidos en cinco grupos experimentales (n=10): CO-RE (control restaurado con resina compuesta), PS-AD, PS-PH, PCS-AD y PCS-PH. Después de dos sesiones de blanqueamiento intracoronario, los especímenes fueron restaurados inmediatamente con resina compuesta y sometidos a ensayos de resistencia a la fractura y evaluación del patrón de fractura. Para el análisis de microdureza cincuenta especímenes de dentina bovina fueron sometidos a los mismos protocolos de blanqueamiento y evaluados mediante la prueba de microdureza Knoop. Los datos fueron analizados mediante ANOVA y la prueba de Tukey con un nivel de significancia del 5%. Los grupos PS-PH y PCS-PH presentaron los menores valores de resistencia a la fractura y la mayor reducción de la microdureza dentinaria, difiriendo significativamente de los demás grupos (P<0,05), sin diferencias entre ellos (P>0,05). En contraste, los grupos CO-RE, PS-AD y PCS-AD mostraron valores similares de resistencia a la fractura y microdureza (P>0,05). Las fracturas no complicadas predominaron en todos los grupos. Los protocolos de blanqueamiento interno asociados con peróxido de hidrógeno redujeron la resistencia a la fractura y la microdureza dentinaria independientemente del agente blanqueador utilizado, mientras que los protocolos que emplearon agua destilada preservaron las propiedades mecánicas de la estructura dental, observándose un comportamiento similar entre el perborato y el percarbonato de sodio.

			PALABRAS CLAVE: Blanqueamiento dental; Dentina; Resistencia a la fractura; Microdureza.

			INTRODUCTION

			Internal bleaching is a conservative and widely used approach for the management of discoloration in endodontically treated teeth, allowing improvement in tooth color while preserving sound dental structure and avoiding, when possible, more invasive restorative procedures (1,2). The walking bleach technique is one of the most commonly employed approaches and involves placement of a bleaching material within the pulp chamber, followed by temporary sealing and replacement of the material according to the treatment protocol (1,2).

			Among the agents traditionally used for intracoronal bleaching, sodium perborate has been extensively employed, particularly when mixed with water or hydrogen peroxide, because of its established clinical effectiveness (3). More recently, sodium percarbonate has been investigated as an alternative intracoronal bleaching agent, expanding the range of oxygen-releasing compounds available for the treatment of discolored endodontically treated teeth (4).

			Although the effectiveness of intracoronal bleaching agents in removing dental pigments is well established, the selection of the bleaching material should also consider its potential effects on dental tissues (5). The oxidative reactions responsible for the bleaching effect are mediated by reactive oxygen species that interact with chromogenic molecules; however, these reactions may also affect organic and inorganic components of dentin, potentially modifying its structural and mechanical properties (6). 

			In addition to the bleaching agent itself, the vehicle used to prepare the bleaching mixture may influence both its oxidative activity and its effects on dental tissues. Distilled water is commonly used as a vehicle for oxygen-releasing compounds and represents a more conservative alternative, whereas the association with hydrogen peroxide increases the availability of oxidizing species and may intensify the bleaching reaction (7). However, greater exposure to hydrogen peroxide may also increase its interaction with dentin, potentially promoting alterations in the organic matrix and mineral content and consequently affecting properties such as microhardness and mechanical resistance (8).

			Therefore, the effects of intracoronal bleaching cannot be attributed exclusively to the bleaching agent, since the vehicle used to prepare the mixture may also influence the response of dental tissues. Although sodium perborate and sodium percarbonate have both been investigated for internal bleaching, evidence directly comparing the mechanical effects of experimental mixtures prepared with these agents and different vehicles remains limited. In this context, the combined assessment of coronal maximum failure load, fracture pattern, and dentin microhardness under the same experimental conditions may provide complementary information on both the mechanical behavior of the restored tooth and changes in the dentin substrate, thereby contributing to a more comprehensive understanding of the influence of the bleaching agent and, particularly, its vehicle.

			Therefore, the aim of the present study was to evaluate the effects of experimental internal bleaching mixtures prepared by combining sodium perborate or sodium percarbonate with distilled water (DW) or 20% hydrogen peroxide (HP) on coronal maximum failure load, fracture pattern, and the reduction in coronal dentin microhardness. The null hypothesis tested was that the experimental mixtures of sodium perborate and sodium percarbonate with either distilled water or 20% hydrogen peroxide would not differently affect coronal maximum failure load, fracture pattern, or the reduction in coronal dentin microhardness.

			MATERIALS AND METHODS 

			MAXIMUM FAILURE LOAD

			Fifty bovine incisors were examined under a stereomicroscope (10× magnification) to confirm the absence of cracks and defects. To minimize anatomical variability, the crowns were standardized according to their cervicoincisal and mesiodistal dimensions, measured with a digital caliper, accepting a maximum variation of 1 mm among specimens. The teeth were cleaned with pumice and water and stored in 0.1% thymol solution at 4°C until use.

			The sample size was calculated based on data obtained from a preliminary pilot study using G*Power software. A one-way analysis of variance (ANOVA), considering five experimental groups, a significance level of 5%, a statistical power of 80%, and an effect size of 0.51, indicated a minimum sample size of 10 specimens per group.

			SPECIMEN PREPARATION

			Coronal access cavities were prepared using a #1016 round diamond bur (KG Sorensen, Barueri, SP, Brazil), and chemomechanical preparation was completed using rotary instruments up to size F5 (ProTaper Universal; Dentsply Maillefer, Ballaigues, Switzerland), according to the manufacturer's instructions (9). 

			Final irrigation was performed with 3 mL of 17% EDTA solution (Biodinâmica, Ibiporã, PR, Brazil), which was maintained within the root canal for 1 min, followed by irrigation with 10 mL of distilled water. The canals were then aspirated and dried with absorbent paper points (Dentsply Maillefer, Pirassununga, SP, Brazil) and obturated using the single-cone technique with gutta-percha cones (Dentsply Maillefer, Petrópolis, RJ, Brazil) and an epoxy resin-based sealer (Sealer Plus; MK Life, Porto Alegre, RS, Brazil).

			Subsequently, 3 mm of the root filling material was removed from the cervical third using a heated plugger, and a cervical barrier was placed at the cementoenamel junction level using a self-curing glass ionomer cement (Maxxion R A3; FGM, Joinville, SC, Brazil) (10) . 

			The teeth were embedded in cylindrical plastic moulds (16.5 mm internal diameter × 20.0 mm length) filled with self-curing acrylic resin (Classic Jet, Clássico Ltda., São Paulo, SP, Brazil), leaving the exposed portion positioned 2 mm below the cementoenamel junction.

			EXPERIMENTAL PROTOCOLS

			The specimens were randomly allocated into five experimental groups (n=10):

			
					CO-RE (coronal access only, restored with composite resin): Following completion of the endodontic treatment, acid etching was performed using 37% phosphoric acid (Condac 37; FGM, Joinville, SC, Brazil) for 30 s on enamel and 15 s on dentine, followed by rinsing with an air/water spray for 30 s and drying with absorbent paper points. Subsequently, the primer of the adhesive system (Scotchbond Multi-Purpose; 3M ESPE, Sumaré, SP, Brazil) was applied and gently air-thinned for 5 s. The adhesive resin (Scotchbond Multi-Purpose; 3M ESPE, Sumaré, SP, Brazil) was then actively applied to the conditioned surfaces and light-cured for 20 s using an LED curing unit (Valo; Ultradent Products, South Jordan, UT, USA) with an irradiance of 1,000 mW/cm². The pulp chamber was restored with composite resin (Filtek Z350 XT; 3M ESPE, Sumaré, SP, Brazil) placed in 2-mm increments, each light-cured for 40 s.

					SP-DW (sodium perborate and distilled water): Two grams of sodium perborate (Whiteness Perborato; FGM, Joinville, SC, Brazil) were mixed with 1 mL of distilled water and placed into the pulp chamber. The material was covered with a Teflon strip and the access cavity was temporarily sealed with glass ionomer cement (Maxxion R; FGM, Joinville, SC, Brazil). After 7 days, the access cavity was reopened, and the pulp chamber was thoroughly irrigated with distilled water and dried with air. A fresh bleaching mixture was then placed in the pulp chamber and the access cavity was resealed with glass ionomer cement.

					SP-HP (sodium perborate and 20% hydrogen peroxide): The same protocol as SP-DW was followed, except that sodium perborate (Whiteness Perborato; FGM, Joinville, SC, Brazil) was mixed with 1 mL of 20% hydrogen peroxide (FGM, Joinville, SC, Brazil).

					SPC-DW (sodium percarbonate and distilled water): The same protocol as SP-DW was followed, except that sodium percarbonate (Sigma-Aldrich, St Louis, MO, USA) was used as the intracoronal bleaching agent.

					SPC-HP (sodium percarbonate and 20% hydrogen peroxide): The same protocol as SP-HP was followed, except that sodium percarbonate (Sigma-Aldrich, St Louis, MO, USA) was used as the intracoronal bleaching agent.

			

			Between bleaching sessions, the teeth were stored in artificial saliva at 37°C. After completion of the bleaching procedures, the cavities were immediately restored with composite resin (Filtek Z350 XT; 3M ESPE, Sumaré, SP, Brazil) following the same restorative protocol described for the CO-RE group. Figure 1 illustrates the study design.
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			Figure 1. Study design. (1) Selection of 50 bovine incisors free from cracks or defects, examined under a stereomicroscope (10× magnification) and stored in 0.1% thymol solution at 4°C. (2) Endodontic treatment, including chemomechanical preparation up to ProTaper Universal F5, final irrigation with 17% EDTA followed by distilled water, and obturation using the single-cone technique with an epoxy resin-based sealer. (3) Placement of a cervical barrier after removal of 3 mm of the coronal root filling, using glass ionomer cement positioned at the cementoenamel junction. (4) Embedding of the specimens in self-curing acrylic resin, leaving the tooth surface exposed up to 2 mm below the cementoenamel junction. (5) Allocation of specimens into the five intracoronal bleaching protocols (CO-RE, SP-DW, SP-HP, SPC-DW and SPC-HP), with two bleaching sessions performed at 7-day intervals and storage in artificial saliva at 37°C between sessions. (6) Final restoration of the access cavity using an adhesive system and composite resin placed incrementally. (7) Maximum Failure Load test, including periodontal ligament simulation with addition silicone, load application at 135° to the long axis of the tooth, and classification of fracture patterns as non-complicated or complicated. (8) Dentine microhardness test, involving preparation and polishing of dentine specimens, protection of half of the surface, application of the same bleaching protocols, and determination of the percentage reduction in Knoop microhardness.

			MAXIMUM FAILURE LOAD TEST

			The root surfaces of the specimens were coated with a thin layer of pink wax No. 7 (Lysanda, São Paulo, SP, Brazil), and the teeth were embedded in acrylic resin (Classic Jet, São Paulo, SP, Brazil), leaving 2 mm of the root exposed below the cementoenamel junction.

			After 24 h, the teeth were carefully removed from the moulds and the wax layer was eliminated from the root surfaces. A thin layer of medium-body addition silicone impression material (Express XT; Solventum, Sumaré, SP, Brazil) was then placed in the space corresponding to the root surface to simulate the periodontal ligament, and the specimens were repositioned within the moulds.

			The maximum failure load test was performed using a universal testing machine (EMIC DL 2000; EMIC, São José dos Pinhais, PR, Brazil) equipped with a 2-kN load cell at a crosshead speed of 0.5 mm/min. The specimens were positioned on a fixed support so that the load was applied at an angle of 135° to the long axis of the root. The maximum load recorded at specimen failure was expressed in Newtons (N) and considered the maximum failure load for each specimen (9).

			

			FRACTURE PATTERN ASSESSMENT

			Following the maximum failure load test, the teeth were visually examined under a stereomicroscope at 10× magnification, and the fracture patterns were classified as: (a) non-complicated, when the fracture was confined to the crown; and (b) complicated, when the fracture extended beyond the cementoenamel junction. The percentage frequency of each fracture pattern was calculated for each experimental protocol (9). Figure 2 illustrates representative fracture patterns (11). 
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			Figure 2. Representative images of dental fracture patterns. (A) Non-complicated fracture: fracture confined to the dental crown; (B) Complicated fracture: fracture extending beyond the cementoenamel junction.

			DENTINE MICROHARDNESS

			SPECIMEN PREPARATION

			Fifty specimens were obtained from the buccal dentine of bovine central incisors, measuring 5 mm × 5 mm with a thickness of 3 mm. Each specimen was individually embedded in a PVC mould (12.7 mm in diameter × 5 mm in height) filled with self-curing acrylic resin (Clássico, São Paulo, SP, Brazil), leaving the dentine surface exposed.

			The surfaces were sequentially polished using a polishing machine (DP-10, Panambra/Struers, Ballerup, Denmark) with silicon carbide abrasive papers (#320 and #1200 grit), followed by aluminium oxide polishing pastes with decreasing particle sizes from 0.3 μm to 0.05 μm. Subsequently, the specimens were ultrasonically cleaned in distilled water for 5 min.

			Half of the dentine surface of each specimen was covered with a transparent self-adhesive film (Com-Tact; Plavitec, São Paulo, SP, Brazil). Each specimen was then individually placed in a well of a 96-well cell culture plate (Forlab, São Paulo, SP, Brazil), with the dentine surface facing upwards. The exposed surface was covered with one of the tested substances and subjected to the same protocols previously described (n=10 per group) (12).

			In the present study, specimens assigned to the CO-RE group had their dentine surfaces covered only with distilled water. After application of the bleaching agents and placement of the culture plate lid, the specimens were stored at 37°C under conditions identical to those used for the maximum failure load test.

			DENTINE MICROHARDNESS ANALYSIS

			After removal of the self-adhesive film, the microhardness of the untreated dentine was measured in the previously protected area using a Knoop hardness tester (HMV-2; Shimadzu, Tokyo, Japan) under a 25-g load applied for 10 s. Three indentations were performed, spaced 200 μm apart, and the mean value was considered the baseline microhardness for each specimen (13) . 

			

			A similar procedure was performed on the dentine surfaces subjected to the bleaching protocols. The percentage difference between the initial and final Knoop microhardness values was calculated and used as an indicator of the effect of each bleaching protocol on the dentine, expressed as the percentage reduction in microhardness.

			STATISTICAL ANALYSIS

			After confirming normality and homogeneity of variance assumptions, the data were analysed using one-way analysis of variance (ANOVA), followed by Tukey's post hoc test, with a significance level set at 5%. Fracture pattern data were analysed descriptively and expressed as percentages.

			RESULTS

			MAXIMUM FAILURE LOAD 

			The SP-HP and SPC-HP protocols yielded the lowest maximum failure load values, showing significant differences compared with the other groups (P<0.05), but no significant differences between each other (P>0.05). The CO-RE, SP-DW and SPC-DW groups exhibited similar maximum failure load values (P>0.05).

			Table 1 presents the mean values, standard deviations and confidence intervals for maximum failure load (N) according to the intracoronal bleaching protocols after two treatment sessions.

			FRACTURE PATTERN

			A higher incidence of non-complicated fractures was observed in all groups. Table 2 shows the percentage distribution of fracture patterns according to the intracoronal bleaching protocol.

			MICROHARDNESS

			The SP-HP and SPC-HP groups exhibited the greatest reduction in dentine microhardness following intracoronal bleaching, differing significantly from the other groups (P<0.05), with no statistically significant differences between them (P>0.05). The CO-RE, SP-DW and SPC-DW groups showed similar reductions in dentine microhardness (P>0.05).

			Table 3 presents the mean values, standard deviations and confidence intervals for dentine microhardness reduction (Knoop hardness number) according to the intracoronal bleaching protocols after two treatment sessions.

			

			Table 1. Mean values, standard deviations and confidence intervals for maximum failure load (N) according to the intracoronal bleaching protocols after two treatment sessions.
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			Table 2. Incidence (%) of tooth fracture patterns according to the intracoronal bleaching protocol.
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			Table 3. Mean values, standard deviations and confidence intervals for the reduction in dentine microhardness (Knoop hardness number) according to the intracoronal bleaching protocols after two treatment sessions.
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			abDifferent superscript letters indicate significant differences within the same row (P<0.05). CO-RE, coronal access only, restored with composite resin; SP-DW, sodium perborate and distilled water; SP-HP, sodium perborate and 20% hydrogen peroxide; SPC-DW, sodium percarbonate and distilled water; SPC-HP, sodium percarbonate and 20% hydrogen peroxide; mean, arithmetic mean; sd, standard deviation; ci, confidence interval.

			DISCUSSION 

			The null hypothesis was rejected for coronal maximum failure load and dentine microhardness but accepted for fracture pattern. The association of sodium perborate or sodium percarbonate with 20% hydrogen peroxide resulted in lower maximum failure load and greater reductions in microhardness compared with the corresponding groups combined with distilled water.

			No differences in fracture pattern were observed among the protocols, with non-complicated fractures predominating in all groups. Furthermore, sodium perborate and sodium percarbonate exhibited similar behavior when used with the same vehicle, suggesting that, under the experimental conditions of this study, the vehicle may have exerted a greater influence on the mechanical properties evaluated than the bleaching agent itself.

			The lower maximum failure load observed in the SP-HP and SPC-HP groups suggests that the presence of hydrogen peroxide increased the oxidative challenge to the dentin substrate. Owing to its low molecular weight and high diffusibility, hydrogen peroxide generates reactive oxygen species capable of interacting with both the organic matrix and the mineral phase of dentin. Such interactions may promote alterations in collagen-associated components and mineral content, potentially reducing the ability of the dental structure to withstand load before failure (14). However, because chemical and micromorphological changes were not directly assessed in the present study, these mechanisms should be considered plausible explanations based on previous evidence rather than effects directly demonstrated by our results.

			Morphological and chemical alterations induced by peroxide-based bleaching agents have been associated with impairment of the structural integrity of dental tissues (5,6). Similarly, a previous study (14) reported reduced maximum failure load following intracoronal bleaching with hydrogen peroxide. In contrast, another investigation (15) found no significant changes in maximum failure load after treatment with 35% hydrogen peroxide, regardless of LED photoactivation. These discrepancies may be attributed to methodological differences, particularly with respect to the experimental protocols and the interval between bleaching and restoration.

			The microhardness findings corroborate the maximum failure load results, demonstrating that hydrogen peroxide induces significant alterations in dentine structure. The SP-HP and SPC-HP groups exhibited greater reductions in microhardness than the distilled water groups, irrespective of the bleaching agent used. These findings are consistent with previous studies attributing this effect to changes in dentine mineral composition and degradation of the organic components of the extracellular matrix caused by hydrogen peroxide (8,16-18).

			Although dentin microhardness and maximum failure load represent distinct mechanical outcomes, the similar behavior observed for both variables suggests that the alterations induced by the hydrogen peroxide-containing protocols may have occurred at both the dentin substrate and whole-tooth levels. Microhardness is widely used as an indirect indicator of structural changes in dentin and may reflect alterations in its mineral and organic components (16,17). Therefore, a reduction in dentin hardness may contribute to a less mechanically resistant substrate; however, the present results do not establish a direct causal relationship between microhardness reduction and maximum failure load.

			Chng et al. (19) likewise reported reductions in both dentine microhardness and biomechanical properties following exposure to peroxide-based bleaching agents. Therefore, degradation of the organic matrix and alterations in the mineral phase may have contributed to both the decrease in microhardness and the mechanical weakening observed in the hydrogen peroxide groups.

			The differences observed between the distilled water protocols and those containing hydrogen peroxide may be related to the chemical characteristics and pH of the bleaching agents. Whereas hydrogen peroxide has a more acidic nature, the association of sodium perborate with water produces a more alkaline environment, which is more favourable for preserving dentine structure (19).

			The greater acidity of certain bleaching agents favours demineralisation and alterations in the dentinal matrix, whereas more alkaline environments tend to preserve tissue integrity (17,19,20). In this regard, Mayer et al. (20) demonstrated that alkaline bleaching agents caused less impairment of dentine mechanical properties.

			In the present study, the SP-DW and SPC-DW groups behaved similarly to the control group with respect to maximum failure load and microhardness, suggesting that the use of distilled water as a vehicle contributed to preserving dentine structure. Thus, in addition to the release of reactive species, the chemical environment generated by each protocol appears to play an important role in maintaining the mechanical properties of dentine.

			

			Previous studies have demonstrated that sodium percarbonate exhibits bleaching efficacy and mechanisms of action comparable to those of sodium perborate (21,22). When associated with water, both agents maintain a more alkaline environment, favouring the preservation of dentine mechanical properties (20). Given the limited evidence regarding the effects of sodium percarbonate on dental tissues, the present findings expand current knowledge and reinforce its potential as a promising alternative to sodium perborate in intracoronal bleaching protocols.

			Although hydrogen peroxide-containing protocols reduced maximum failure load and dentine microhardness, these changes were insufficient to modify the fracture pattern observed after mechanical testing. Non-complicated fractures predominated in all groups, indicating that, despite the impairment of mechanical properties, most failures remained confined to regions potentially amenable to clinical repair.

			The absence of differences in fracture pattern suggests that the reduction in maximum failure load observed after hydrogen peroxide-containing protocols primarily affected the amount of load tolerated before failure rather than substantially changing the mode of fracture propagation. Thus, although these protocols reduced the mechanical performance of the specimens, this reduction was not accompanied by a corresponding increase in complicated fractures.

			As this was an in vitro study, the experimental conditions did not fully reproduce the complexity of the oral environment, in which factors such as mechanical cycling, thermal variations, saliva and masticatory function may influence tissue behaviour. In addition, bovine teeth were used and, although widely employed in laboratory studies, they present structural differences compared with human teeth. Another limitation was the lack of assessment of bleaching efficacy, which prevented a direct correlation between the preservation of mechanical properties and the whitening potential of each experimental mixture. In addition, micromorphological and chemical analyses of dentin were not performed; therefore, the mechanisms proposed to explain the mechanical changes observed in this study are based on previous evidence and cannot be directly confirmed by the present findings. Future studies combining color assessment, micromorphological analysis, and chemical characterization with mechanical testing may provide a more comprehensive understanding of these experimental bleaching protocols.

			CONCLUSION

			Within the limitations of this study, intracoronal bleaching protocols associated with hydrogen peroxide resulted in lower coronal maximum failure load and greater reductions in dentin microhardness, regardless of whether hydrogen peroxide was combined with sodium perborate or sodium percarbonate. In contrast, protocols using distilled water preserved the mechanical properties of the dental structure and showed behavior similar to the control group. No differences were observed between sodium perborate and sodium percarbonate when associated with the same vehicle.

			From a mechanistic perspective, the findings suggest that the vehicle employed during intracoronal bleaching may exert a greater influence on the preservation of dentin mechanical properties than the bleaching agent itself. The greater reduction in maximum failure load and microhardness observed in the hydrogen peroxide groups may be related to structural alterations promoted by oxidative reactions within the dentin substrate; however, further studies are required to clarify the mechanisms involved.

			From a clinical perspective, the use of sodium perborate or sodium percarbonate associated with distilled water may represent a more conservative alternative for intracoronal bleaching of endodontically treated teeth. Nevertheless, studies evaluating both bleaching efficacy and long-term mechanical performance are necessary before definitive clinical recommendations can be established.
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ABSTRACT: This study evaluated the effects of experimentally prepared internal bleaching mixtures
containing sodium perborate (SP) or sodium percarbonate (SPC) combined with distilled water (DW) or
20% hydrogen peroxide (HP) on maximum failure load, fracture pattern, and dentin microhardness. Fifty
endodontically treated bovine incisors were distributed into five experimental groups (n=10): CO-RE
(control restored with composite resin), SP-DW, SP-HP, SPC-DW, and SPC-HP. After two intracoronal
bleaching sessions, the specimens were immediately restored with composite resin and subjected to
maximum failure load testing and fracture pattern analysis. For microhardness evaluation, fifty bovine
dentin specimens were submitted to the same bleaching protocols and assessed using the Knoop
microhardness test. Data were analyzed using ANOVA and Tukey’s test at a significance level of 5%.
The SP-HP and SPC-HP groups exhibited the lowest maximum failure load values and the greatest
reduction in dentin microhardness, differing significantly from the remaining groups (P<0.05), while no
differences were observed between them (P>0.05). In contrast, the CO-RE, SP-DW, and SPC-DW groups
showed similar maximum failure load and microhardness values (P>0.05). Non-complicated fractures
predominated in all groups. Internal bleaching protocols associated with hydrogen peroxide reduced
maximum failure load and dentin microhardness regardless of the bleaching agent used, whereas
protocols employing distilled water preserved the mechanical properties of the dental structure, with
similar behavior observed for sodium perborate and sodium percarbonate.
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