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			ABSTRACT:  This study evaluated the effect of different chemo-mechanical cleaning protocols on the residual presence of epoxy resin-based and bioceramic endodontic sealers, as well as the bond strength of a universal adhesive system for cementing fiber posts to intraradicular dentin. A total of 160 bovine incisors were prepared using the ProTaper system and filled with either an epoxy resin-based sealer (Vioseal) or a bioceramic sealer (BioRoot RCS). Four cleaning protocols were tested: ethanol (ET), amyl acetate (AA), acetone (AC), and an experimental solution (EX) combining amyl acetate, ethanol, and acetone. Residual sealer was analyzed via scanning electron microscopy, and bond strength was assessed through push-out tests. Fracture patterns were examined under a stereomicroscope, and data were analyzed using ANOVA and Kruskal-Wallis tests (α=5%). For epoxy resin-based sealers, AA and AC resulted in greater dentinal tubule opening than ET and EX (p<0.05), with AC leaving the least residue. Conversely, ET and EX showed higher residual presence. For bioceramic sealers, ET and EX achieved the greatest tubule opening (p<0.05). Bond strength was highest with ET in the apical third (epoxy sealer) and in the cervical third (bioceramic sealer) (p<0.05). Ethanol and the experimental solution effectively removed bioceramic sealer residues while preserving bond strength. Although epoxy resin-based sealers left more residue, all tested protocols provided satisfactory adhesion. 

			KEYWORDS: Intraradicular dentin; Bioceramic cement; Epoxy resin cement; Bond strength; Cleaning protocols.

			

			RESUMEN: Este estudio evaluó el efecto de diferentes protocolos de limpieza quimico-mecánica sobre la presencia residual de cementos endodónticos a base de resina epóxica y biocerámico, así como la resistencia de unión de un sistema adhesivo universal para cementar postes de fibra a la dentina intraradicular. Se utilizaron 160 incisivos bovinos que fueron preparados con el sistema ProTaper y obturados con un cemento a base de resina epóxica (Vioseal) o un cemento biocerámico (BioRoot RCS). Se probaron cuatro protocolos de limpieza: etanol (ET), acetato de amilo (AA), acetona (AC) y una solución experimental (EX) que combina acetato de amilo, etanol y acetona. El cemento residual fue analizado mediante microscopía electrónica de barrido, y la resistencia de unión se evaluó a través de pruebas de push-out. Los tipo de falla adhesiva se examinaron bajo un estereomicroscopio, y los datos se analizaron utilizando los tests ANOVA y Kruskal-Wallis (α=5%). Para los cementos a base de resina epóxica, AA y AC resultaron en una mayor apertura de los túbulos dentinarios que ET y EX (p<0.05), siendo AC el que dejó menos residuo. Por el contrario, ET y EX mostraron mayor presencia residual. Para los cementos biocerámicos, ET y EX lograron la mayor apertura de los túbulos (p<0.05). La resistencia de unión fue mayor con ET en el tercio apical (sellador epóxico) y en el tercio cervical (sellador biocerámico) (p<0.05). El etanol y la solución experimental eliminaron eficazmente los residuos del cemento biocerámico mientras preservaban la resistencia de unión. Aunque los selladores a base de resina epóxica dejaron más residuo, todos los protocolos probados proporcionaron una adhesión satisfactoria.

			PALABRAS CLAVE: Dentina intraradicular; Cemento biocerámico; Cemento de resina epóxica; Resistencia de adhesión; Protocolos de limpieza.

			INTRODUCCION

			Epoxy resin-based endodontic sealers are well known for their excellent sealing properties within the root canal, which is crucial for the long-term success of endodontic treatment (1). Despite their moderate cytotoxicity, their clinical performance has proven to be biocompatible, reinforcing their popularity in therapeutic applications (2). This combination of effective sealing and biocompatibility has allowed epoxy resin-based sealers to remain a reliable choice in endodontics.

			On the other hand, bioceramic endodontic sealers, primarily composed of calcium silicate (3), stand out not only for their sealing capabilities but also for their unique bioactivity (4,5), which promotes the regeneration of periapical tissues (6). This gives them an advantage in clinical situations where tissue repair is a priority, increasing their relevance in regenerative treatments.

			In this context, various cleaning protocols have been proposed to remove residual endodontic sealer, aiming to preserve the integrity of restorations and prevent postoperative complications. Ethanol, for instance, is effective in cleaning access cavities contaminated with epoxy resin-based sealers, efficiently removing residues (7). However, recent studies have shown that non-polar substances, such as amyl acetate, may outperform ethanol in terms of cleaning and improving the bond strength of universal adhesive systems, as they more effectively dissolve epoxy resin-based sealers (8). 

			Similarly, acetone has demonstrated moderate efficacy in removing these sealers, although its effectiveness is significantly enhanced when combined with other solvents, such as amyl acetate (8,9). These combinations seem to offer a synergistic effect that improves the cleaning of the root canal, which is crucial for ensuring proper sealing and intraradicular adhesion.

			It is important to note that while various solvents can effectively remove endodontic sealer residues, complete elimination remains a challenge (10). Mechanical cleaning methods have been shown to surpass traditional chemical methods in terms of bond strength and cleaning efficacy (11,12). This underscores the need for an integrated cleaning approach that combines both chemical and mechanical methods to achieve optimal results.

			However, little is known about how these cleaning protocols interact with bioceramic sealer residues and their effects on intraradicular adhesion. Given these uncertainties, the aim of this study was to compare the effects of different chemo-mechanical cleaning protocols on both epoxy resin-based and bioceramic endodontic sealers, focusing on residual sealer presence in intraradicular dentin and the bond strength of a universal adhesive system for cementing fiber posts. The null hypothesis proposed is that the evaluated cleaning protocols have no effect on the residual sealer presence in intraradicular dentin or the bond strength of the universal cementation system.

			MATERIALS AND METHODS

			This study was approved by the Research Ethics Committee of Universidad Católica de Santa María – UCSM, under registration number 059/2023.

			SAMPLE PREPARATION

			One hundred sixty bovine incisors with similar anatomy and dimensions were selected. These were preserved in a 0.1% thymol solution (pH 7.0) at a temperature of 4°C ± 1°C until use. The roots were sectioned transversally 1 mm below the cementoenamel junction using a double-sided diamond disc (KG Sorensen, São Paulo, Brazil), standardizing the sample length to 15 mm from the root apex (13).

			ROOT CANAL PREPARATION

			To achieve visibility at the root apex, a #15K file (Dentsply Maillefer, Petrópolis, Brazil) was carefully introduced into the canal. The foraminal opening was then sealed with cyanoacrylate resin (Superglue gel; Tesa, Offenburg, Germany). The root canals were prepared using the ProTaper Rotary System technique up to the F5 instrument [0.50/D0] (Maillefer, Ballaigues, Switzerland). During each instrument change, the canal was irrigated with 5 mL of 2.5% sodium hypochlorite (Delta Química, Arequipa, Peru), and a final irrigation with 3 mL of 17% EDTA (Delta Química, Arequipa, Peru) was applied for 3 minutes, followed by 5 mL of 2.5% sodium hypochlorite. The canals were dried with absorbent paper points and obturated with epoxy resin-based sealer (Vioseal; Spident, South Korea) or bioceramic sealer (BioRoot RCS; Septodont, France), using an F5 master gutta-percha cone (ProTaper, Dentsply Maillefer) (13). Illustrative diagram in Figure 1.A. 
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			Figure 1. Illustrative diagram of the methodology.

			EXPERIMENTAL GROUPS

			Immediately, the gutta-percha was removed by cutting with heat, leaving 4 mm of apical sealing, using endodontic condensers. The dentin of the post space was initially cleaned with a brush (Microbrush; KG Sorensen, São Paulo, Brazil) and then with a root canal cleaning brush (MKLife, Brazil). Illustrative diagram in Figure 1.B. Different solutions were introduced for analysis (n=40): ET (95% ethanol), AA (amyl acetate), AC (99% acetone), and EX (experimental solution of amyl acetate, ethanol, and acetone in 1:1:1 proportions).

			Twenty specimens from each group were evaluated for residual sealer persistence using scanning electron microscopy (SEM), and ten specimens from each group were subjected to bond strength testing of the universal adhesive system using the push-out method. The specimens were subdivided based on the type of endodontic sealer used: epoxy resin-based or bioceramic.

			RESIDUAL SEALER PERSISTENCE EVALUATION

			In ten roots from each group, two longitudinal grooves were made on the buccal and palatal surfaces using a low-speed diamond disc. The roots were split with a chisel, and the distal section was used for microscopic analysis. The specimens were mounted on metal stubs, gold-coated (single cycle of 120 s), and evaluated using a scanning electron microscope (EVO 10MA; Carl Zeiss, Germany) operating at 20 kV.

			Four images of the root surface in the post space were taken at 500x magnification, captured by the same operator. For qualitative analysis, two blinded and calibrated examiners (k=0.93) scored the residual sealer persistence using a four-point scale (14): Score 1, absence or slight presence of sealer residues with visible dentinal tubule openings; Score 2, slight presence of residues, with more than 50% of the dentin surface free of residues; Score 3, moderate presence of residues, with <50% of the dentin surface free of residues; Score 4, intense presence of residues, with dentinal tubule openings almost or completely obstructed. Additionally, an extra image at 1500x magnification was taken from the same site to count open dentinal tubules using Image J software (version 1.52, Maryland, USA) (15).

			FIBER POST CEMENTATION

			The post space was standardized to a length of 11 mm with Peeso reamers #4, #5, and #6 (MKLife, Brazil) and standardized with a specific drill (Whitepost System DC 3, FGM, Brazil); followed by washing with the evaluated substances, final rinse with distilled water, drying with paper points, application of universal adhesive (Scotchbond Universal; 3M ESPE, USA) with friction for 30 seconds, solvent evaporation with compressed air for 30 seconds, removal of excess with paper cones, and light curing for 20 seconds with a LED device (Valo, Ultradent, USA). The fiber posts' surfaces (White Post DC #3, FGM) were cleaned with 70% ethanol. Silane (Prosil, FGM) was applied and dried with air for 1 minute. Then, the universal adhesive (Scotchbond Universal; 3M ESPE, USA) was applied and light-cured for 20 seconds with a LED device (Valo, Ultradent, USA). Relyx Ultimate cement (3M ESPE, USA) was inserted into the root canal with the fiber post, and light-cured for 40 seconds in various positions (buccal, lingual, mesial, distal, and occlusal) (13). Illustrative diagram in Figure 1.C and Figure 1.D.

			 

			BOND STRENGTH EVALUATION

			After 24 hours, the roots were vertically positioned in a PVC matrix (21.3 mm x 20.0 mm) with evaluation on a parallelometer. The samples were sectioned perpendicularly to the longitudinal axis using a diamond disc connected to a hard tissue cutting machine (OCP 100 LC; Odeme Dental Research, Brazil). Three sections of 2.0±0.1 mm thickness were obtained from the apical, middle, and cervical thirds. Illustrative diagram in Figure 1.E.

			The sections were cleaned with ultrasound and subjected to push-out bond strength testing on an electromechanical testing machine (OM150; Odeme Dental Research, Brazil) with a 5 kN load cell at 0.5 mm/min until the complete displacement of the fiber post. Punch diameters of 1.2, 0.9, and 0.5 mm were used for the cervical, middle, and apical thirds, respectively (13). Illustrative diagram in Figure 1.F and Figure 1.G.

			The force required was measured in Newtons (N) and converted to bond strength (MPa) using the formula MPa=F/AD. The adhesion area (AD) was calculated as AD=π•(R+r)•g, where R is the cervical radius, r the apical radius, and g the relative height of the inverted cone.

			FAILURE MODE ANALYSIS

			The sections were evaluated under a stereomicroscope (Leica DFC295 connected to Leica S8 APO) at 10× magnification to determine the failure type 13. The failure mode was categorized as follows: type 1 (adhesive 1), when failure occurred between the post and the cement; type 2 (adhesive 2), between the dentin and the cement; type 3 (cohesive), within the cement; and type 4 (mixed), when both types of failure were present.

			 

			DATA ANALYSIS

			Statistical analysis was performed using Jamovi software (version 2.3.18.0). Homoscedasticity was verified with the Shapiro-Wilk test. Tubule count and bond strength were analyzed using ANOVA for independent samples, followed by Tukey’s post-hoc test. Residual sealer scores were evaluated with the Kruskal-Wallis test and Dunn's post-hoc analysis, with a significance level of 5%.

			RESULTS

			Table 1 presents the outcomes for the epoxy resin-based cement. The protocols utilizing amyl acetate (AA) and acetone (AC) showed a significantly higher number of open dentinal tubules compared to the ethanol (ET) and experimental solution (EX) protocols, which exhibited the least tubule opening (p<0.05). Qualitative analysis revealed greater cement residue persistence in the ET and EX protocols, while the AC protocol resulted in the least amount of residue, although no statistically significant differences were observed between the cleaning protocols (p>0.05). Figure 2 provides a representative image of the dentinal substrate with epoxy resin-based cement residues according to the applied cleaning protocol.

			Table 2 illustrates the results for the bioceramic cement. The ET and EX protocols achieved greater opening of the intraradicular dentinal tubules (p<0.05), whereas the AA and AC protocols demonstrated less tubule opening (p<0.05). Qualitative analysis indicated greater residue persistence with the AC protocol, although no statistically significant differences were found among the protocols (p>0.05). Figure 2 also presents an image of the dentinal substrate with bioceramic cement based on the applied cleaning protocol.

			Table 3 shows that the ET protocol provided the most consistent results regarding bond strength in the apical third of the root canal when epoxy resin-based cement was used (p<0.05). However, no significant differences were found when compared to the AA and EX protocols (p>0.05). In contrast, the AC protocol exhibited the poorest bond strength results in the apical third (p<0.05). No statistically significant differences were found in the cervical and middle thirds across the cleaning protocols (p>0.05). In Figure 3, for the epoxy resin-based cement, mixed fractures predominated in the cervical third for the ET and AA protocols, while cohesive fractures in the resin were more frequent in the AC and EX protocols. In the middle third, cohesive resin fractures were dominant in the AA, AC, and EX protocols, while cohesive dentin fractures were more common in the ET protocol. In the apical third, cohesive resin fractures predominated in the ET, AA, and EX protocols.

			Finally, Table 4 highlights that the ET and EX protocols yielded the best results in terms of bond strength in the cervical third when bioceramic cement was used (p<0.05). The ET protocol achieved the best results in the apical third (p<0.05), although no significant differences were observed when compared to the AA and EX protocols (p>0.05). In the middle third, no statistically significant differences were found among the evaluated protocols (p>0.05). Figure 3 shows that cohesive resin fractures predominated in the cervical thirds with the ET and AA protocols, whereas mixed fractures were more common with the AC protocol. Cohesive dentin fractures were more frequent with the EX solution. In the middle third, cohesive resin fractures predominated in the AC and EX protocols, while cohesive dentin fractures were more common in the ET protocol. In the apical third, mixed fractures were predominant across most protocols (ET, AA, and AC).

			

			Table 1. Open dentin tubules and persistence of epoxy resin-based cement residues in intracanal dentin, according to the evaluated cleaning protocols

			
				
					
					
					
					
					
					
				
				
					
							
							Cleaning protocols

						
							
							ET

						
							
							AA

						
							
							AC

						
							
							EX

						
					

					
							
							Open dentin tubules 

						
							
							Mean

						
							
							32.80ᵇ

						
							
							49.40ᵃ

						
							
							57.60ᵃ

						
							
							24.00ᵇ

						
					

					
							
							
							SD

						
							
							3.42

						
							
							3.58

						
							
							3.91

						
							
							3.61

						
					

					
							
							
							CI

						
							
							30.68-34.92

						
							
							47.18-51.62

						
							
							55.18-60.02

						
							
							21.77-26.23

						
					

					
							
							Persistence of residues

						
							
							Median

						
							
							3

						
							
							3

						
							
							2

						
							
							3

						
					

					
							
							
							min-max

						
							
							3-4

						
							
							2-3

						
							
							2-3

						
							
							3-4

						
					

					
							
							
							1Q-3Q

						
							
							3.0-4.0

						
							
							2.0-3.0

						
							
							2.0-3.0

						
							
							3.0-3.0

						
					

				
			

			ᵃᵇ Different lowercase letters within the same row mean statistically significant difference (p>0.05). SD, standard deviation; CI, confidence intervals; min, minimum value; max, maximum value; 1Q y 3Q, first and third quartile. ET, ethanol; AA, amyl acetate; AC, acetone; EX, experimental solution (ethanol + amyl acetate + acetone).
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			Figure 2. Representative images of the dentin substrate according to endodontic sealers and cleaning protocols used. ET, ethanol; AA, amyl acetate; AC, acetone; EX, experimental solution (ethanol + amyl acetate + acetone).  Scales: 20μm and 50μm.

			

			Table 2. Open dentin tubules and persistence of bioceramic cement residues in intracanal dentin, according to the evaluated cleaning protocol.

			
				
					
					
					
					
					
					
				
				
					
							
							Cleaning protocols

						
							
							ET

						
							
							AA

						
							
							AC

						
							
							EX

						
					

					
							
							Open dentin tubules 

						
							
							Mean

						
							
							40.80ᵃ

						
							
							27.60ᵇ

						
							
							16.20ᵇ

						
							
							44.40ᵃ

						
					

					
							
							
							SD

						
							
							3.11

						
							
							4.88

						
							
							3.03

						
							
							4.77

						
					

					
							
							
							CI

						
							
							38.87-42.73

						
							
							24.58-30.62

						
							
							14.32-18.08

						
							
							41.44-47.36

						
					

					
							
							Persistence of residues

						
							
							Median

						
							
							3

						
							
							3

						
							
							4

						
							
							3

						
					

					
							
							
							min-max

						
							
							3-4

						
							
							3-4

						
							
							3-4

						
							
							3-4

						
					

					
							
							
							1Q-3Q

						
							
							3.0-4.0

						
							
							3.0-4.0

						
							
							4.0-4.0

						
							
							3.0-4.0

						
					

				
			

			ᵃᵇ Different lowercase letters within the same row mean statistically significant difference (p>0.05). SD, standard deviation; CI, confidence intervals; min, minimum value; max, maximum value; 1Q y 3Q, first and third quartile. ET, ethanol; AA, amyl acetate; AC, acetone; EX, experimental solution (ethanol + amyl acetate + acetone).

			Table 3. Mean and standard deviation of bond strength according to the cleaning protocols for epoxy resin-based cement.

			
				
					
					
					
					
					
				
				
					
							
							Protocol

						
							
							ET

						
							
							AA

						
							
							AC

						
							
							EX

						
					

					
							
							Cervical

						
							
							9.22

						
							
							7.91

						
							
							6.67

						
							
							8.70

						
					

					
							
							
							(0.88)

						
							
							(1.00)

						
							
							(1.35)

						
							
							(1.66)

						
					

					
							
							Middle

						
							
							5.27

						
							
							5.47

						
							
							2.63

						
							
							2.67

						
					

					
							
							
							(1.20)

						
							
							(1.31)

						
							
							(1.51)

						
							
							(1.30)

						
					

					
							
							Apical

						
							
							6.80ᵃ

						
							
							3.97ᵃᵇ

						
							
							1.37ᵇ

						
							
							4.27ᵃᵇ

						
					

					
							
							
							(1.91)

						
							
							(0.15)

						
							
							(0.43)

						
							
							(1.00)

						
					

				
			

			ᵃᵇDifferent lowercase letters within the same row mean statistically significant difference (p>0.05). ET, ethanol; AA, amyl acetate; AC, acetone; EX, experimental solution (ethanol + amyl acetate + acetone).
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			Figure 3. Frequency distribution of the failure modes according to the evaluated cleaning protocols. ET, ethanol; AA, amyl acetate; AC, acetone; EX, experimental solution (ethanol + amyl acetate + acetone). Type 1: adhesive, resin/dentin; Type 2: cohesive in dentin; Type 3: cohesive in resin; and Type 4: mixed.

			Table 4. Mean and standard deviation of bond strength according to the cleaning protocols for bioceramic cement.

			
				
					
					
					
					
					
				
				
					
							
							Protocol

						
							
							ET

						
							
							AA

						
							
							AC

						
							
							EX

						
					

					
							
							Cervical

						
							
							7.01ᵃ

						
							
							1.34ᵇ

						
							
							3.31ᵇ

						
							
							5.83ᵃ

						
					

					
							
							
							(1.83)

						
							
							(0.93)

						
							
							(0.97)

						
							
							(0.95)

						
					

					
							
							Middle

						
							
							3.17

						
							
							1.06

						
							
							3.19

						
							
							3.44

						
					

					
							
							
							(1.30)

						
							
							(1.28)

						
							
							(1.00)

						
							
							(1.45)

						
					

					
							
							Apical

						
							
							6.39ᵃ

						
							
							4.72ᵃᵇ

						
							
							1.73ᵇ

						
							
							3.89ᵃᵇ

						
					

					
							
							
							(1.96)

						
							
							(1.30)

						
							
							(0.68)

						
							
							(1.88)

						
					

				
			

			ᵃᵇDifferent lowercase letters within the same row mean statistically significant difference (p > 0.05). ET, ethanol; AA, amyl acetate; AC, acetone; EX, experimental solution (ethanol + amyl acetate + acetone). 

			

			DISCUSSION

			Our results showed significant variations in both the persistence of residues on the intraradicular dentin substrate and the bond strength of the universal cementation system, depending on the type of endodontic cement and the cleaning protocols used. For the epoxy resin-based cement, although the protocols with ethanol and the experimental solution (ethanol, amyl acetate, and acetone) showed greater residue persistence, they achieved consistent bond strength values. In the case of bioceramic cement, these same protocols exhibited lower residue persistence and the best bond strength values. These findings allow us to reject the null hypothesis.

			In the cleaning protocols applied to dentin obturated with epoxy resin-based cement, the results highlighted the superiority of amyl acetate and acetone for cleaning the dentin substrate compared to ethanol and the experimental solution. The effectiveness of amyl acetate in removing residues of epoxy resin-based cements has already been reported in the literature (8), although in studies focused on intracameral dentin. The combination of amyl acetate with acetone and ethanol has shown greater cleaning efficacy in the pulpal dentin (9), which contrasts with our results, where the experimental solution, which shared this composition, presented greater residue persistence in intraradicular dentin.

			Conversely, the ethanol protocol, which demonstrated limited capacity to remove residues from the dentin substrate, as noted in the literature (10), yielded consistent results in bond strength of the universal cementation system for fiberglass posts, especially in the apical third. This outcome may be attributed to ethanol enhancing the wettability of the dentin, facilitating greater penetration of adhesive monomers, which stabilizes the hybrid layer (16,17) and more effectively seals the collagen matrix (18). Furthermore, the self-etch strategy applied to the dentin likely favored wet bonding, optimizing interaction with ethanol (19,20). Similar phenomena were observed with amyl acetate and the experimental solution, which also yielded significant bond strength values under the same conditions.

			The epoxy resin residues present mainly in the protocols that included ethanol could also have influenced the bond strength results. Previous studies have demonstrated that the use of epoxy resin-based cements significantly enhances the adhesion of fiber posts (21,22), compared to eugenol-based cements and calcium silicate-based bioceramics (23). However, the acetone protocol exhibited the lowest bond strength values in radicular canals obturated with epoxy resin, likely due to acetone's interaction with the dentin substrate not providing adequate mechanical support, creating a thin adhesive layer that generated cracks at the interface (24) and negatively affecting dentin wettability (25).

			Regarding bioceramic cements, the protocols with ethanol and the experimental solution were superior in cleaning the dentin substrate compared to amyl acetate and acetone. Although the effectiveness of ethanol in removing residues from bioceramic cement has not been extensively documented, some studies suggest that a combination of ethanol, amyl acetate, and acetone could improve the cleaning of these types of cements (26).

			Unlike epoxy resin cements, which contain synthetic polymers with strong adhesive properties and chemical resistance (27,28), bioceramic cements are primarily composed of calcium silicate, known for its bioactivity (3). The solubility of calcium silicate is influenced by its structural characteristics and environmental conditions, such as pH and temperature (29),  which explains the variability in solubility of these cements (30). Our results show that, although there is no prior evidence regarding the efficacy of ethanol or the experimental solution in removing residues from bioceramic cements, these protocols managed to eliminate the highest amount of residues. The mechanical cleaning applied in all protocols, using a low-speed activated intraradicular brush (12), may have favored this effectiveness.

			Moreover, the protocols with ethanol and the experimental solution obtained the most consistent bond strength results with bioceramic cement. As mentioned, the presence of ethanol and the application of a self-etch adhesive strategy on the dentin likely enhanced wettability, facilitating the penetration of adhesive monomers and stabilizing the hybrid layer (16-20). Furthermore, the calcium silicate residues from the bioceramic cement could have promoted adhesion of the universal adhesive system (31), used in our study. Calcium silicate encourages mineral deposition, improving the interface between adhesive systems and dental substrates (32,33), in addition to providing a bioactive surface that could favorably interact with adhesive components (34).

			This study was conducted on intraradicular dentin from bovine incisors, which implies limitations due to differences in organic and inorganic content compared to human dentin (35), as well as in the diameter of dentinal tubules and intertubular distance (36,37), factors that could have influenced the bond strength results. Bovine dentin was chosen due to its accessibility (38) and to avoid ethical issues associated with using human teeth (37). Furthermore, bovine dentin exhibits similar mechanical properties to human dentin (39) and provides a more uniform substrate, reducing variability in experimental results (38). 

			We can emphasize that cleaning protocols based on ethanol and a combination of various solutions, along with mechanical cleaning, proved effective in removing residues of bioceramic cement from intraradicular dentin, ensuring adequate bond strength in intraradicular restorative treatments with universal adhesive systems in a self-etch strategy. However, further studies are needed to evaluate the durability of the adhesive interface in endodontically treated teeth.

			Finally, although ethanol was not the most effective in removing residues from epoxy resin-based cements, it demonstrated consistency in cleaning bioceramic cements and achieved adequate bond strength with fiberglass posts, regardless of the type of endodontic cement. The experimental solution also showed great potential as a cleaning agent, warranting further studies to confirm its effectiveness. 

			CONCLUSION

			This study demonstrates that chemical-mechanical cleaning protocols using ethanol and an experimental solution based on ethanol, amyl acetate, and acetone are effective in removing residues of bioceramic cements from intraradicular dentin, achieving adequate bond strength of the universal adhesive system for fiberglass posts. Although a greater persistence of residues was observed with epoxy resin-based cements, the evaluated protocols also ensured satisfactory bond strength in these cases.
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ABSTRACT: This study evaluated the effect of different chemo-mechanical cleaning protocols on the
residual presence of epoxy resin-based and bioceramic endodontic sealers, as well as the bond strength
of a universal adhesive system for cementing fiber posts to intraradicular dentin. A total of 160 bovine
incisors were prepared using the ProTaper system and filled with either an epoxy resin-based sealer
(Vioseal) or a bioceramic sealer (BioRoot RCS). Four cleaning protocols were tested: ethanol (ET),
amyl acetate (AA), acetone (AC), and an experimental solution (EX) combining amyl acetate, ethanol,
and acetone. Residual sealer was analyzed via scanning electron microscopy, and bond strength was
assessed through push-out tests. Fracture patterns were examined under a stereomicroscope, and data
were analyzed using ANOVA and Kruskal-Wallis tests (a=5%). For epoxy resin-based sealers, AA and AC
resulted in greater dentinal tubule opening than ET and EX (p<0.05), with AC leaving the least residue.
Conversely, ET and EX showed higher residual presence. For bioceramic sealers, ET and EX achieved the
greatest tubule opening (p<0.05). Bond strength was highest with ET in the apical third (epoxy sealer)
and in the cervical third (bioceramic sealer) (p<0.05). Ethanol and the experimental solution effectively
removed bioceramic sealer residues while preserving bond strength. Although epoxy resin-based sealers
left more residue, all tested protocols provided satisfactory adhesion.

KEYWORDS: Intraradicular dentin; Bioceramic cement; Epoxy resin cement; Bond strength; Cleaning
protocols.
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