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Abstract:

Purpose: Assessing bond strength is a key factor in the success of dental restorations. Ejection testing is a common method for evaluating the bond strength of dental restorative materials and tooth structure. This study aimed to assess the bond strength of gutta-percha root canal sealants using the push test and reviewed relevant research articles.

Methodology: The review of bond strength and failure mode of sealers based on more than 60 papers published from 2000 to till date. A comprehensive literature search was performed to identify relevant studies evaluating the bond strength of root canal sealants using the push test. Selected studies were analysed and summarized to provide an overview of current knowledge on assessing the bond strength of root canal sealants.

Findings: The results of this study demonstrate that the push test is a reliable method to assess the bond strength of root canal sealants. The pushout test provides a quantitative measurement of the bond strength between the composite and the tooth substrate. The pushout test can also provide information on the failure mode of the bond. The results of this study can help clinicians and researchers select appropriate sealants and assess their bond strength using standardized protocols.
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2 Introduction:
The push test is a common method for evaluating the bond strength of a restorative material to a tooth. It involves applying a compressive force to the restorative material, which is in a prepared tooth cavity. A force is applied in a direction perpendicular to the bond plane and the resulting displacement is measured. This displacement can be used to calculate the bond strength between the restorative material and the tooth structure. Several factors can affect the results of a push test, including the type of restorative material, preparation method, and type of tooth structure. Additionally, the type of force applied during the test can also affect the results. In general, the push test is a valuable method for assessing the bond strength of dental restorations. Standardized protocols and careful consideration of factors that may affect results are essential to ensure reliable results.[1]
 Failure of bond strength occurs when the adhesive loses its ability to maintain the bond, resulting in the separation of the two surfaces. Understanding the failure modes of bond strength is critical in developing effective adhesives and ensuring the longevity and durability of bonded materials.[2] The failure mode can be adhesive, cohesive, or mixed.[3], [4] Adhesive failure occurs at the interface between the composite and the tooth substrate, cohesive failure occurs within the composite material, and mixed failure involves a combination of both adhesive and cohesive failures.[5], [6] Factors that can contribute to bond strength failure include inadequate surface preparation, poor adhesive selection, environmental factors such as temperature and humidity, and stress on the bonded surfaces.[7] In the present article, articles from 2010 to till date selected through various online data base such as Elsevier, Science direct, etc.[8]



Literature Review:

The use of an adequate method for evaluation of the adhesion of root canal filling materials provides more reliable results to allow comparison of the materials and substantiate their clinical choice.[9]The aims of this study were to compare the shear bond strength (SBS) test and push-out test for evaluation of the adhesion of an epoxy-based endodontic sealer (AH Plus) to dentin and guttapercha, and to assess the failure modes on the debonded surfaces by means of scanning electron microscopy (SEM). In this study, the SBS test to root dentin was proved to be a feasible and reproducible method. Although it produced significantly lower bond strengths than the push-out method, SBS test was easier to perform, which allowed testing guttapercha and dentin specimens in a similar manner. Additionally, it provided homogenous results with considerably low variation of bond strength.[10] The aim of the study is to compare the push-out bond strength of bioceramic and epoxy sealers.  Both the sealers exhibited higher push-out bond strength after treatment with GA with no significant difference between 5% and 17% GA. Bio C sealer with GA as final irrigant showed higher bond strength than Dia-Proseal (P < 0.05). The push-out bond strength of the sealer was significantly affected by the final irrigation solution used.[11] The highest push-out bond strength was seen with Bio C sealer after treatment with GA with no significant difference between 5% and 17% GA.[12] The techniques [single cone (SC) and warm vertical compaction (WVC)] on the push-out bond strength (PBS) of gutta-percha (GP) with three calcium silicate-based sealers (CSBSs).[13] the WVC method did not affect the PBS of the premixed CS and BCH. However, the heatbased root canal obturation method negatively impacted the BR’s PBS.[14] CS can be used with standard GP since the PBS of the SC technique was equal to the WVC[15], [16] To evaluate the push-out bond strength of experimental apatite  calcium phosphate coated gutta-percha (HAGP) compared to diferent commercially available coated gutta-percha root obturation points. Gutta-percha (GP) is the standard root canal obturation material that has many advantages such as biocompatibility, nonstaining, and radiopaque.[17] HAGP showed promising results to be used as root canal flling material in combination with bioceramic sealer.[18]
[image: ]
  			Figure 1: Schematic drawing of the push-out test.[18]

To evaluate the push-out bond strength of premixed and powder-liquid bioceramic sealers with or without gutta-percha (GP) cone.  All S samples displayed a significantly greater resistance to displacement than the samples obturated with GP-S (P < 0:05). Push-out test without gutta-percha cone presents higher bond strength for bioceramic sealers. Powder-liquid calcium silicate-based sealers present greater bioactivity related to alkalinization potential and calcium ion release.[19] To evaluate the micro hardness of erosive root dentin when Casein Phosphopeptide–Amorphous Calcium Phosphate (CPP-ACP) was used as a final irrigant and its influence on resin sealer bonding tested by push-out bond strength method. Use of CPP-ACP on root dentin is clinically significant because Improved micro hardness of erosive root dentin was observed,No statistically significant difference between the push-out bond strength of EDTA + NaOCl and EDTA + NaOCL + CPPACP groups was noted. CPP-ACP is not affecting the bond strength of resin sealer to root dentin.[20] To assess dentin–post bond strength and mode of failure through tensile strength testing of two endodontic post systems: CAD/CAM custom-milled fiber posts vs Splendor SAP. There was no significant difference between groups regarding tensile bond strength to root dentin. The tensile bond strength observed for the CAD/CAM and Splendor SAP post systems was similar. Adhesive failure was predominant in both groups; however, the CAD/CAM custom-milled fiber posts failed predominantly at the dentin–resin cement interface, whereas Splendor SAP posts failed mostly at the post–resin cement interface.[21] To evaluate the effect of root canal cross-sectional shape on single-cone root filling bond strength, as well as to determine the percentage of guttapercha-filled areas (PGFA) and sealer-filled areas (PSFA), establishing a relationship between these variables.[22] In canals with round cross-sections, the single-cone root filling had higher percentage of gutta-perchafilled areas and bond strength values.[23] Higher percentage of gutta-percha-filled areas resulted in higher bond strength to dentine.[24] To compare the push-out bond strength exhibited by root fillings performed with either C-Point and Endosequence® BC sealer™ (BC Sealer) or gutta-percha and AH Plus® after the instrumentation of oval canals with either the Self-Adjusting File (SAF) System or WaveOne (WO) reciprocating file.[25] In oval canals, the instrument used and the root filling material significantly affected the push-out values of root fillings. The highest value was recorded in oval root canals instrumented with the SAF System and filled with C-Point and BC sealer, whereas the lowest strength was noted in oval canals instrumented with WaveOne and filled with gutta-percha and AH Plus sealer. [26], [27]
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Figure 2: Push-out-test-process
This study evaluates the effect of two thermoplastic obturation systems (MicroSeal and Obtura II) on bond strength of different sealers to intraradicular dentin. MicroSeal and Obtura II techniques, using AH plus sealer, increased the resistance to displacement of the filling material, when compared with lateral compaction. Moreover, when used with Epiphany SE, these obturation systems did not affect the bond strength of the material to root dentin.[28] The purpose of this study was to evaluate the effect of immediate and delayed post space preparation on the sealing ability of two root canal obturation techniques by using micro- computed tomography imaging and a push-out test.  The percentage volume of voids and bond strength of apical gutta-percha were similar and were not significantly influenced by the timing of post space preparation or the obturation,technique.[29][30]  
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a) Position and alignment of the specimen in the universal testing machine.
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(b) Only the root flling material was in contact with the plunger.[18]
Figure 3:Push-out test using universal testing machine
                                                                                                                                                    
The purpose of this study was to investi- gate the influence of gutta-percha solvents on the bond strength of fiberglass post to root canal dentin. The control group exhibited significantly higher bond strength compared with the eucalyptol group in the cervical and middle thirds (P < 0.05); however, the control group did not differ significantly from the xylene and orange oil groups (P > 0.05).[31], [32] No significant difference was observed between the values for the xylene, orange oil, and eucalyptol groups (P > 0.05). [33] The aim of this in vitro study was to evaluate the effect of MTA-based sealer (MTA Fillapex), eugenol-based sealer (Dorifill) and an epoxy resin sealer (AH Plus) on the bond strength of fiber posts cemented with a self-etch adhesive. The maximum (4.45±0.09 MPa) and minimum (1.02±0.03 MPa) bond strength values were recorded in the control and Dorifill groups, respectively. The mean push-out bond strength values were similar for MTA Fillapex and AH Plus sealers (P>0.05).[34], [35] However these values were significantly higher than that of the Dorifill sealer (P<0.05).Sealer type affected the bond strength of the fiber posts and MTA Fillapex decreased the dislodgment resistant of the fiber post. [36] To compare the effects of different sealers on fiber post bond strength. Methods: Sixty teeth were divided into 4 groups according to obturation method: GI, gutta-percha without any sealers; GII, gutta-percha and AH26 resin-based sealer; GIII, RealSeal point and RealSeal resin-based sealer, GIV, Guttaflow.The highest bond strength was observed in the control group (2.95±1.12), and the least was in the Guttaflow group (1.15±0.78). There was a significant difference between bond strengths of the control and Guttaflow groups and between AH26 and Guttaflow groups (p<0.05). The failure mode was mainly adhesive between dentin and resin cement in all groups. [37]  To investigate push-out bond strength (PBS) of fiber post to radicular dentin after using different cementation,techniques[38], [39]One-step RX-MC-Monoblock technique using self-adhesive cement and core foundation composite resin material multicore flow when cured simultaneously exhibited the highest bond integrity of post retention compared to other cementation technique. [40] Gutta-percha with a sealer cement has been used for many years as a fill for root canal therapies, new materials and techniques have been recently developed that could increase the success rate of endodontic treatments   The differences between groups AH-Plus C.L. and the BC-Sealer were found on the adhesion force that was applied in the different thirds of the root canal[41]. The sealer cement BC- Sealer proved to be the material with better adhesion in all thirds of the root canal being significantly more noticeable in the apical third. The two cements sealants are effective for the adhesion at the root canals, used correctly. Any of these, well used, will grant anyone an acceptable result. [42] This study aimed to assess the effect of application of Q Mix and common root canal irrigating solutions on the bond strength of fibre post to root dentin The maximum and minimum bond strength values were noted in Q Mix and NaOCI groups in both the middle and coronal third of the root, respectively .But, there was no significant difference between the push-out bond strength in the middle or coronal third of the root (p = 0.054). Adhesive failure was the most common mode of failure in all groups.[43] 
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Figure 4: Process of material filling

To appraise the outcome of file systems and activation of the final irrigant on the push-out bond strength of root fillings in oval canals. Single-rooted mandibular premolars (n = 180) with oval canals were divided into three groups (n = 60) for instrumentation: ProTaper Next (PTN), WaveOne (WO), and Self-adjusting File (SAF).   The mean push-out bond strength values appear in Table 1. [21]The analysis of the data by the three-way ANOVA manifested that the instrumentation protocol and type of root filling had a significant impact on the dislocation resistance of both filling materials (p < 0.05), while the bond strength was unaffected by the irrigant activation technique (p > 0.05) [44] To assess the influence of various canal-drying techniques on the push-out bond strength between radicu- lar dentine and both MTA Fillapex and iRoot SP sealers. Canals dried with only 1 paper point and obturated with the iRoot SP sealer (subgroup 2B) showed significantly higher bond strengths to the root canal wall compared to all other subgroups (p < 0.05), except for subgroup 1B (p > 0.05). [45] A new bundled glass fiber-reinforced resin post was developed to be used in post- endodontic restoration. We evaluated the bond strength of a single prefabricated glass fiber post (GFP) and a bundled glass fiber-reinforced resin post (GT), used alone or combined, to restore weakened                                                                                                                                                             It can be concluded that for weakened roots, higher bond strength values were found when customizing the GFPs with composite resin or when associating them with thinner fibers, such as the bundled glass fiber-reinforced resin post. In addition, adhesion to deeper thirds of the root canal remains a challenge for adhesive dentistry and is not related to the design of the post. [46]


Findings: In the present study, the null hypothesis was partially accepted, insofar as the results showed no significant intergroup difference regarding tensile bond strength. However, the null hypothesis was rejected for failure mode, as the two groups differed significantly in this respect.[21] Bond strength of adhesives to enamel is more compared to dentin, so dentin mineralization or remineralization adds to its improved bonding. CPP-ACP, treatment prior to usage of etch-and-rinse and self-etching adhesive systems can improve the bond strength of adhesive resins to enamel.[20] In oval canals, bond strengths were higher when the SAF system was used. and when the filling was made with C-Point and BC sealer.[47]–[49] The coronal canal sections had higher bond strengths than the apical sections.[50]The highest bond strength was measured for oval root canals instrumented with the SAF System and filled with C-Point and BC sealer, whereas the lowest strength was measured for oval canals instrumented with Wave One and filled with gutta-percha and AH Plus sealer.[26]The single-cone root tilling must be used with caution due to variations in three-dimensional root canal morphology. In canals with a cross-section that is not round. this technique requires a greater amount of sealer. which can reduce the root tilling bond strength.[24] Bio-ceramic sealers promote biomineralization process, improving adhesion through mineral deposition in the root canal sealer-dentin interface.[51][53] The push-out test was performed after 30 days of PBS immersion of the specimens to simulate the clinical contact with body fluids and to evaluate the bond strength after the biomineralization process.[19]Most adhesive failures occurred between the sealer and the GP cone, probably because sealers present stronger chemical and/or physical bonds to dentin than to the main GP core.[54], [55] AH Plus presented higher push-out bond strength values than Epiphany SE.[56] epoxy-based sealers (AH Plus) penetrate deeper into the micro irregularities because of its flowability and long polymerization time, which in turn enhances the mechanical interlocking between sealer and dentin.[57] Although Active GP, BCG, HAGP, and conventional GP groups were used with the same sealer, they yielded different bond strength values.[58] This can be an indicator for bonding behaviour of the coated materials to the sealer.[59]–[61] It was reported that Active G has nonhomogeneous coating filler on the cones surface which may contribute to reduce bonding to the sealer.[18]


Conclusion:
The following conclusion can be drawn,

The advantage of the thin slice push-out in test over the tensile and shear strength test is that it is less affected by small changes in structure and stress during the applied load, and it iseasy to set up the specimen for testing.

Softening of root canal dentin raises many questions about the prognosis of root canal treatment.Erosion of the root canal causes a change in the properties of affects its interaction with the filling material and therefore the coronal seal. Itcan also cause  root collapse. Dentin properties such as strength, hardness and sealant adhesion to dentin can be adversely affected and efforts should be made to minimize these properties.
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