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This study investigates the repair bond strength of aged resin composites after removing different thicknesses, determine the repair performance using the same or different resin composites and describe the treated surfaces after ageing. Seventy simulated class I cavities were prepared in extracted human third molars were randomly divided into two groups and restored with a nanofilled (Filtek Z350) or a microhybrid (Clearfil APX) composite. Five specimens without ageing in each group acted as a positive control for microtensile bond strength (MTBS) test. After thermocycling, each group was randomly divided into two subgroups: Group RT1, 1 mm removed and Group RT3, 3 mm removed, followed by roughening. Ten specimens in each subgroup were repaired with the same or different composites, and MTBS tests were conducted. The surface roughness (Sa), and water contact angle of the remaining five specimens in each subgroup were measured. In every combination group, Group RT3 showed significantly higher MTBS values than Group RT1, and identical composite was not compulsory for higher repair bond strength. Removal thickness had no significant effect on the Sa in same composite group. In both the Z350 and APX groups, the water contact angle decreased with increasing removal thickness.
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INTRODUCTION
Resin composites are extensively used in the treatment of dental defects because of their excellent aesthetic properties and physical properties. However, marginal microleakage, secondary caries, fracture defects, discolouration and wear influence the survival of resin composites (Drummond, 2008; Sampaio et al., 2019), and the restoration requires monitoring, refurbishing, repairing, or replacing (Hickel et al., 2010; Hickel et al., 2013). Repair is considered a minimally invasive approach requiring new restorative material to be added to replace the defective portion of an otherwise intact restoration (Hickel et al., 2013); when compared with replacement, repair can retard the “restoration death spiral” and save chair-side time and treatment cost (Blum et al., 2014; Kanzow et al., 2016).
Several retrospective studies have already demonstrated that the annual failure rate of restorations can be reduced when repair is not regarded as failure, and the longevity of repaired restorations can be prolonged, allowing their lifetimes to be similar to those of replacement restorations (Kanzow et al., 2016; Valente et al., 2016; Casagrande et al., 2017; Kanzow and Wiegand, 2020). However, Kanzow and Wiegand’s retrospective study indicated that among repaired restorations, the rate of failure of the repaired part was still higher than that of the remaining parts of the original restoration (Kanzow and Wiegand, 2020). It has also been widely investigated inin vitro studies that an increase in roughness of the aged composite surface through etching, air abrasion, polishing, and laser irradiation results in a considerable improvement in the bond strength (Barcellos et al., 2015; Valente et al., 2015; Yokokawa et al., 2015; Pilo et al., 2016; Nagano et al., 2018; Flury et al., 2019; Kanzow et al., 2019; Martos et al., 2019). Brosh et al. indicated that the repair bond between the original and newly added resin composite could be influenced by chemical and mechanical mechanisms: reaction with the surface resin matrix and exposed inorganic fillers could account for chemical bonding and macro/micromechanical attachment could account for mechanical bonding (Loomans et al., 2011; Pilo et al., 2016), when we repair the aged resin composites that had defects, such as fracture defects, discolouration, treatments are needed to create a surface for better adhesive between aged composite substrate and newly added composite. Nevertheless, the interface between the aged resin composite and the new repair part may be still the weakest link in the assembly (Valente et al., 2016), and a gold standard for the treatment of aged resin composites is absent.
left
It is worth noting that in a typical clinical situation, the clinician is unable to distinguish the composition of the aged resin composite and therefore may select a different material. Another important factor is the type of new and aged resin composites. Different resin composites have different physicochemical properties and therefore age differently (Bagheri et al., 2007; Curtis et al., 2009; Ilie and Hickel, 2009). Some authors have indicated that nanofilled composites have a higher repair bond strength than hybrid composites (Rinastiti et al., 2011; Ozcan et al., 2013). However, Cerda-Rizo et al. found that there was no statistically significant difference between the repair bond strength of nanofilled and microhybrid resin composites (Cerda-Rizo et al., 2019), and Daiki Nagano et al. indicated that nanofilled composites were inferior to microhybrid composites for repair (Nagano et al., 2018). There is still no consensus on which composite types are more suitable for repairing.
Consequently, the primary aim of this study was to investigate the repair bond strength of aged nanofilled and microhybrid resin composites after removing different thicknesses and repairing them using either the same or different composites. The secondary aim was to describe the surfaces of aged nanofilled and microhybrid resin composites after removing different thicknesses. The null hypotheses in this test were that there would be no significant difference in repair bond strength between 1) groups with different removal thicknesses, 2) different types of aged resin composites, and 3) different resin composite combinations.
MATERIALS AND METHODS
Specimen Preparation
The experimental procedure used in this study is schematically illustrated in Figure 1. The compositions and manufacturers of the two resin composites and an universal adhesive used in this study are shown in Table 1. The study was approved by the Human Research Ethics Committee ([2017] Lun Shen Zi (1)), and conducted according to the Helsinki Declaration of 1975 (revised in 2002). Seventy intact caries-free human third molars with bucco-lingual dimensions of 10 (±0.5) mm, extracted for periodontal or orthodontic reasons, were collected after obtaining the patients’ informed consent. Then, after cleaning, the teeth were preserved in 0.5 wt% thymol (Sigma-Aldrich, St. Louis, MO, United States) solution at 4°C for no more than 2 months before experimentation (D Ziskind et al., 2003; Chen et al., 2020). The cusps were removed to create a flat occlusal surface via a low-speed Isomet saw (Isomet; Buehler, Evanston, IL, United States) perpendicular to the long axis of the tooth. Then, standard Class I cavities with a length, width and depth of 4, 4, and 4 mm were drilled with a flat-end diamond bur (SF13, MANI, Japan) performed with high speed and water spray. This preparation was performed by a specialist of cariology and assessed by another specialist of cariology in order to maintain consistency. After every five cavities, the bur was replaced. A william’s periodontal probe (Shanghai Jiawei dental instrument Ltd., Shanghai, China) was used to control the dimension.
[image: Figure 1]FIGURE 1 | The experimental procedure used in this study.
TABLE 1 | Composite and adhesive materials used in the study.
[image: Table 1]Single bond universal (3M ESPE, St. Paul, MN, United States) was used in a self-etch mode in all experimental groups according to the manufacturer’s instructions. After the cavity was rubbed with brush dipped with adhesive for 20 s, the universal adhesive was air-dried for 5 s and light-cured with an LED light-curing system (Bisco Inc, Schaumburg, IL, United States)) at an output of 700 mW/cm2 for 10 s. Then, these cavities were filled with resin composites in two equal horizontal layers, and each layer was light-cured for 20 s. The simulated restorations were polished with wet silicon carbide papers after curing. The specimens, which had been randomly divided into two groups, were filled with two different resin composites: Group APX was filled with microhybrid Clearfil AP-X, and Group Z350 was filled with nanofilled Filtek Z350. All specimens were stored for 24 h in distilled water at 23 ± 1.0°C room temperature after curing.
Then, sixty specimens (n = 30/group) were aged in a temperature cycling machine (Thermo Fisher, HUAN-S Ltd., Wuhan, China), with 20,000 thermocycles at 5°C and 55°C with an immersion duration of 30 s for each bath and a transfer time of 5 s between baths. Another ten specimens (n = 5/group) were used as a positive control for the microtensile bond strength test without thermocycling.
Removal of Aged Resin Composite
After thermocycling, a flat-end diamond bur (SF13, MANI, Japan) was used to remove different thicknesses from the sixty aged resin composites as indicated by William’s periodontal probe (Shanghai Jiawei dental instrument Ltd., Shanghai, China). After every five preparations, a bur was replaced. The specimens were randomly divided into two subgroups and processed as follows: Group RT1, 1 mm of the aged composite was removed and Group RT3, 3 mm of the aged composite was removed.
Repair of Aged Resin Composite
The surfaces of twenty specimens in each group were roughened by a medium-grit bur (SF13, MANI, Japan) installed on a high-speed handpiece. Unidirectional movements were applied to the surfaces for 10 s under copious air–water spray, followed by washing and drying with oil-free compressed air. Before roughing, a digital balance was employed to train the operator to have a good command of maintaining a manual pressure of ∼0.04 N over the specimens (Valente et al., 2015). All specimens were prepared by the same operator. After every five preparations, a bur was replaced.
All the walls of the one- or 3-mm depth cavities were rubbed with adhesive for 20 s, gently air-dried for 5 s, and light-cured for 10 s. Then, a 1 mm × 4 mm × 4 mm layer of new resin composite in Groups RT1 and RT3 was added to the aged resin composite. Another 2 mm-thick resin composite was added to the new resin composite to allow for sufficient specimen length for easy microtensile bond testing. In the groups with different thicknesses removed, the resin composite used for repair was the same as that of the aged resin composite (Z350-Z350 and APX-APX) or different from that of the aged resin composite (Z350-APX and APX-Z350). Every combination group contained five specimens. The control group (n = 5/group) corresponded to the newly filled resin composite without the thermocycling described above.
Microtensile Bond Strength Analysis
After being repaired and preserved in water at 23 ± 1.0°C room temperature for 24 h, each resin composite was cut perpendicularly to the adhesive interface, and the ultimate cross-sectional area of each beam was approximately 1 mm2 (approximately 1 mm × 1 mm). For every combination group, 20 beams were selected randomly, and the microtensile bond strength (MTBS) was tested. The beams were fixed on the testing apparatus (Bisco Inc, Schaumburg, IL, United States) with cyanoacrylate, keeping the adhesive zone free, and measured at a cross-head speed of 1 mm/min. By measuring each beam’s dimension with a digital calliper and recording the maximum tensile force, the MTBS values (MPa) were calculated from dividing the maximum tensile force by the beam cross sectional area.
Failure Analysis
Fractured surfaces of the beams were observed under optical microscope with a magnification ×45 (Wild Heerbrugg Type 308700, Euromex, Heerbrugg, Switzerland). The failure modes were classified into three categories: adhesive failure occurred in the interface between substrate resin composite and adhesive layer or adhesive layer and repair resin composite without remains from other materials; cohesive failure occurred within the substrate, or within the new resin composite (including the adhesive layer and/or repair resin composite), and mixed failure at both the adhesive and cohesive areas.
Characterization of the Treated Surfaces
Another five aged resin composites in each group were randomly selected. The specimens were roughened as described above, and the surrounding tooth structure was removed. Then, the treated surfaces of the aged resin composite were examined. For surface topography testing, the specimens were analysed by a 3D optical profilometer (NewviewTM9000, Zygo, United States). Scanning was conducted for each specimen over three randomly selected 1,497.361 µm × 1,497.361 µm areas. The average of the three readings was recorded as the Sa value of each specimen.
Two microlitres of deionized water was dropped on the treated surface of the aged composite, and a profile image was photographed after 5 s to measure the contact angles via droplet shape analysis (OCA25, Dataphysics, Germany) at room temperature. Five specimens were measured for each group 2 times each to obtain an average measurement per specimen. Finally, the specimens were sputter-coated with a gold layer to aid conductivity and examined using FESEM (Sigma, Zeiss, Germany) at accelerating operating voltages of 20 kV in the secondary electron mode for taking 1,000× magnification micrographs.
Statistical Analysis
SPSS (IBM SPSS Statistics 20; IBM Corp) was used for statistical analysis. For analysis of the MTBS, three-way analysis of variance (ANOVA) was performed with the type of aged resin composite, removal thickness and type of new resin composite as the independent variables. The contact angle and surface roughness data were subjected to two-way ANOVA with the type of aged resin composite (nanofilled versus microhybrid) and the removal thickness (1 versus 3 mm) as the independent variables. The homoscedasticity of the data was validated via Tukey’s test. Multiple comparisons were conducted using post-hoc Tukey’s test. Chi-square test was used for failure mode analysis. The significance level was defined at 0.05 for all experiments.
RESULTS
Microtensile Bond Strength
The MTBS data for all groups are displayed in Table 2. In the same combination group, a significant difference in MTBS was observed among different removal thicknesses. The control group exhibited significantly higher MTBS values than all other experimental groups. Group RT3 showed significantly higher MTBS values than Group RT1. Three-way ANOVA revealed that the aged resin composite factor (F = 9.130, p = 0.003) and removal thickness (F = 346.419, p = 0.000) factor had significant impacts on the MTBS value. Significant interactions (F = 5.993, p = 0.016) were identified between the aged resin composite and the new resin composite. Individual analysis of aged resin composite and new resin composite has been conducted and when the new resin composite was Z350, the aged resin composite played a significant role in MTBS (F = 14.958, p = 0.000). In Group RT1, Z350-Z350 showed significantly higher MTBS values than APX-Z350 (p = 0.029). This result indicated that the removal thickness, type of aged resin composite and resin composite combination contributed to the changes in MTBS. However, in Group RT3, the results of multiple comparisons indicated that the bond strength in different resin composite combinations was not significantly different.
TABLE 2 | Means and standard deviations (MPa) of MTBS for Group RT1 and Group RT3 repaired with the same and dissimilar composites.
[image: Table 2]Failure Mode Analysis
The failure frequency is displayed in Figure 2. The chi-square test of failure mode (p = 0.023) showed significant difference between different experimental groups. In the Group APX, the most frequent failure mode was adhesive or mixed. In the Group Z350, cohesive failures within the new resin composite and the substrate occurred more than 45%.
[image: Figure 2]FIGURE 2 | Distribution of failure modes after MTBS test.
Characterization of the Treated Surfaces
The surface roughness results are shown in Figure 3. The average Sa (mean ± SD) of the Z350 RT1, Z350 RT3, APX RT1, and APX RT3 groups were 7.895 ± 0.454, 8.546 ± 0.913, 6.868 ± 1.166, and 8.036 ± 0.914, respectively. Two-way ANOVA revealed that neither the removal thickness (F = 0.413, p = 0.530) nor the aged resin composite (F = 3.652, p = 0.074) had a significant effect on Sa. However, compared with APX in Group RT1, Z350 in Group RT3 had higher surface roughness values. Representative FESEM images are shown in Figure 4. The FESEM figures showed that irregularities were composed of exposed fillers, fillers surrounded by resin matrix, porosities and micro-relief produced by mechanical roughening.
[image: Figure 3]FIGURE 3 | (A–D) Representative figures of surface roughness measurement from the Z350 in Group RT1 (A), Z350 in Group RT3 (B), APX in Group RT1 (C), APX in Group RT3 (D). The Sa of surface roughness of each group (E). Groups with the same superscripts are not significantly different (p > 0.05). RT1, removal thickness 1 mm; RT3, removal thickness 3 mm; Z350, Filtek Z350; APX, Clearfil AP-X.
[image: Figure 4]FIGURE 4 | Representative FESEM figures (1,000X) after treatment. Z350 in Group RT1 (A). Z350 in Group RT3 (B). APX in Group RT1 (C). APX in Group RT3 (D). RT1, removal thickness 1 mm; RT3, removal thickness 3 mm; Z350, Filtek Z350; APX, Clearfil AP-X.
The water contact angle results are presented in Figure 5. The average water contact angles (mean ± SD) of the Z350 RT1, Z350 RT3, APX RT1, and APX RT3 groups were 62.6 ± 2.619, 54.92 ± 1.889, 69.18 ± 3.005, and 58.6 ± 4.067, respectively. Two-way ANOVA revealed that the removal thickness (F = 46.311, p = 0.000) and aged resin composite (F = 14.621, p = 0.001) had a significant effect on the water contact angle. The water contact angle decreased with increasing removal thickness in the same resin composite group and Group Z350 showed lower water contact angles than Group APX in the same removal thickness group.
[image: Figure 5]FIGURE 5 | The degree of water contact angle and respective views of the different groups on the aged resin composite surfaces. Groups with same letters are not statistically different (p > 0.05)
Discussioin
At present, the resistance of repaired dental composites which is an important topic in dentistry while reparation is minimally invasive procedure rather than a complete removal of a restoration which could also produce damage risks to the remaining tooth structure and even dental pulp. Repair is gradually accepted by clinicians, but how to achieve bonding between old and new resin at the same cohesive strength as the new resin is unsolved (Kanzow et al., 2019). Clinicians doubt that removing superficial sections will achieve more stable adhesion. Evidence about whether the ageing degree at different depths influences the repair bond strength is scarce. According to the limited research, no predictions of removal thickness can be made for the highest repair bond strength, but adhering the new resin to a deep surface in the first horizontal layer of aged resin composite was considered to generate more favourable results than a superficial surface in the second horizontal layer of aged resin composite for repair. In addition, it seems impossible for clinicians to distinguish the type of aged resin composite, but in our study, the type of new resin composite added for repair played a small role in bonding strength.
In this study, to obtain surfaces with same depth that could be aged more uniformly, the specimen used was different from that used in previous studies. Resin blocks were used in previous studies, and then the specimen was removed from the mould during the ageing process (Ozcan et al., 2007; de Moraes et al., 2008; Bürgers et al., 2009; Rinastiti et al., 2011; Eliasson et al., 2014; Pilo et al., 2016; Nagano et al., 2018; Alqarni et al., 2019). This process might lead to a reduction in the difference in the effect of temperature on the external and internal properties of the resin composite. However, in our study, the teeth surrounded the resin composite in class I cavity so that the resin composites were aged from the upper surface to the lower surface. In addition, thermal cycling was used to accelerate the ageing of the restorative materials (Morresi et al., 2014; Szczesio-Wlodarczyk et al., 2020). Composite substrates with thermocycling were indicated to result in the worst repair bond compared to substrates that were immersed in boiling water or citric acid (Ozcan et al., 2007). When the specimen assembled with teeth was thermally cycled at 5°C and 55°C, the temperature in the internal part of the resin composite did not reach the water temperatures used in numerous research projects (Gale and Darvell, 1999; Eliasson and Dahl, 2020), this finding is similar to the short-term exposure to extreme temperatures in the oral environment.
The present study found that the repair bond strength in the deep area of aged resin composites was significantly higher than that in the shallow area, regardless of which resin composite combination group was used. The first null hypothesis could be rejected, while the third null hypothesis could not be rejected. When we filled class I cavities, resin composites were light cured in two equal horizontal layers. In this situation, the properties of resin composites with the depth 1 and 3 mm were considered to be same before ageing (Giorgi et al., 2015). After ageing, the properties in different depth were influenced inconsistently and 1 mm represented the upper surface while 3 mm represented the lower surface. The thermal cycling procedure depended not only on hydrolysis but also on thermal degradation (Morresi et al., 2014; Blumer et al., 2015; Szczesio-Wlodarczyk et al., 2020). In the experimental design, the physical and chemical properties of two removal thickness should be the same after light curing because of horizontal layering equally (Yoon et al., 2021). With regard to thermal degradation, the resin matrix and filler had different thermal expansion coefficients and thus, in thermal cycling, the bond between them could be damaged weakening the mechanical properties of the composite resins from strongly degraded external to inner less degraded layers. With regard to hydrolysis, more progressive degradation in the strongly degraded external than inner degraded layers results in further swelling polymeric matrix with water sorption, which allows for unreacted monomers and degradation products to diffuse out of the composite more easily (Szczesio-Wlodarczyk et al., 2020).
In this study, the repair bond strength of aged resin composites was also compared to the cohesive strength of new resin composites in the positive group. In fact, the results seem to be consistent with other research that found that the repair strength of aged resin composites, even in the group with the best bond strength, only reached approximately 60% of the cohesive strength of the new resin composite (Valente et al., 2016). In the control group, oxygen inhibited layer contributes to stable adhesion between two contiguous layers. However, during ageing, unfavourable factors such as water sorption and thermal degradation, that reduce the number of unsaturated double bond and damage the physicochemical properties of resin composite, have adverse effects on the bond strength for aged resin composites (Özcan et al., 2013; Szczesio-Wlodarczyk et al., 2020). Other surface treatments may need to be applied together to obtain better repair performance. In future studies, the resin composites before and after thermal cycling would be analysed with FTIR and some other tests (such as sorption and solubility tests and HPLC) (Özcan et al., 2013; Cebe et al., 2015) to determine the changes in chemical structure and the absolute content of the remaining C=C.
The most interesting observation was that a significant difference in the water contact angle at different depths of the resin composite was found in this study. A lower contact angle in Group RT3 implies better wettability and improved micromechanical retention between aged resin composite and adhesive layer; thus, a higher repair bond strength was acquired (Prado et al., 2018). There are a number of studies characterizing the contact angle of dental polymeric materials after different artificial ageing simulations. Other research groups found a significant decrease in the contact angle when stored in water, ethanol (96% vol), red wine (Yanikian et al., 2019), lipase and with intra-oral wear in the presence of biofilms (Kusuma Yulianto et al., 2019). In addition, the percentage of filler exposure increased after ageing (Rinastiti et al., 2011; Kusuma Yulianto et al., 2019). The notable feature of the methods used in our study was that different thicknesses of aged composites were removed, and the surface was roughened before testing. As mentioned above, consequently, fillers of the aged resin composite could be debonded with the resin matrix during these procedures, and the surface at a depth of 3 mm, which contained more stable hydrophilic fillers, showed a lower contact angle. Another possible reason was that the dispersed part of the monomer chains of the resin matrix may be oriented towards the surface after thermal cycling (Bürgers et al., 2009).
The results of this study indicated that nanofilled resin composites exhibited slightly better repair performance than microhybrid resin composites, which supports evidence from previous observations (Ozcan et al., 2013). The second null hypothesis could be rejected. This might be due to the composition of the resin matrix, in which Z350 involves bis-GMA, bis-EMA, UDMA, and TEGDMA, whereas APX involves only bis-GMA and TEGDMA. UDMA and bis-EMA could form a cross-linked network that absorbs less water than bis-GMA and TEGDMA (Sideridou and Papanastasiou, 2003). Another possible reason is that APX, which represents high-filled composite, has a lower wettability than the higher-filled composite (Baur and Ilie, 2012). It is possible that the filler type and the composition of the resin matrix both influence the consequence of repair. Furthermore, consistent with the literature, evidence from Group RT3 showed that the combination of different materials did not necessarily impair the repair strength (Rinastiti et al., 2011; Ozcan et al., 2013).
The current study found that the employment of medium-grit diamond burs generated irregular and rough surfaces at different depths with no significant difference in Sa in both aged Z350 and APX. The roughing procedure aimed to create a surface for micromechanical retention (Loomans et al., 2011). This procedure was also employed in many published articles for roughing (Rathke et al., 2008; Loomans et al., 2011; Valente et al., 2015; Wendler et al., 2016; Dieckmann et al., 2020). Although roughening the surface of the specimens before reparation procedures had cause an increase of 1 and 3 mm initial composite removal, composite was roughened under a manual pressure of ∼0.04 for only 10 s (Valente et al., 2015) and this increase could be negligible compared to removal thickness. In addition, the same roughening procedure in two removal thickness groups contributed to control variables. It was noted that irregular and rough surfaces resulted in a larger surface area for wetting with the adhesive and micromechanical attachment, thereby favouring repair. However, Lasia L. et al. (Valente et al., 2015) demonstrated that medium-grit burs produced the highest surface roughness compared with fine- and extra-fine-grit burs, while fine-grit burs produced the highest repair bond strength and similar water contact angles. Thays et al. (da Costa et al., 2012) demonstrated that the grits of the diamond burs did not influence the composite repair strength. In general, the present study was consistent with the literature in finding that the surface roughness does not necessarily influence the resin composite repair bond strength.
Last but not least, adhesive played a significant role in the repair bonding. Single bond adhesive contains specific acidic functional monomers which enhance the performance of adhesion (Van Landuyt et al., 2008). The functional monomers help conditioning the substrate surface, increase monomer penetration, and also improve chemical bonding when repairing resin composite (Van Landuyt et al., 2007; Martos et al., 2019). M. Wendler et al. considered that the presence of non-converted carbon double bonds in aged composites contributes to crucial adhesion when repairing resin composites and that the combination of 10-MDP functional monomers or saline could increase the repair bond strength (Wendler et al., 2016).
Some limitations of this study are that only two brands of resin composites were investigated, there was no standard protocol for thermocycling in vitro (Morresi et al., 2014) and physiological conditions, i.e. cyclical loads were not simulated (Frankenberger et al., 2005). Furthermore, even though some steps have been used to better stimulate the clinical situation, the extent to which the results of this study could be concluded for the clinical situation remains unknown. Thus, more brands of resin composites with different formulations should be investigated in future investigations, other physiological conditions should be simulated and clinical studies are needed.
CONCLUSION
Within the limitations of our study, the following conclusions can be drawn:
1 Removal of different thicknesses influences the repair bond strength of dental resin composites whether nanofiller or microhybrid resin composites are used, that is characterized by adhesion to the inner surface in a horizontal layer producing a statistically higher repair bond strength than adhesion at the corresponding external surface in upper horizontal layer.
2 Thermal cycling affects the resin composites with an impact on the repair bond strengths, with higher repair bond strength being attained for non-aged than for aged resin composite.
3 Aged nanofilled resin composites have better performance in repairing bond strength than microhybrid resin composites.
4 When the types of newly added and aged resin composites are identical, a higher repair bond strength may be obtained, but using the same resin composite to repair the aged resin is not compulsory.
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Materials Chemical composition Manufacturer

Filtek Z350 XT (Z350)  Filler content (78.5 wt%): Silica, zirconia, aggregated zirconia/siica 3M Oral Care, St. Paul, MN, United States
(nanofilled) Resin matrix: Bis-GMA ', Bis-EMA 2, UDMA °, TEGDMA * PEGDMA —

Clearfil AP-X (APX)  Filler content (85.5 wt%): Silanated barium glass filer, silanated sica filer, sianated colloidal siica  Kuraray Dental, Tokyo, Japan
(microhybrid) Resin matrix: Bis-GMA, TEGDMA -

Single Bond Universal  10-MDP ©, HEMA ”, dimethacrylate resins, Vitrebond copolymer, filer, ethanol, water, initiators, siane  3M Oral Care, St. Paul, MN, United States

'Bis-GMA, bisphenol A diglycidyimethacryate.

“Bis-EMA, bisphenol A polyethethylene glycol diether dimethacrylate.
SUDMA, urethane dimethacrylate.

“TEGDMA, triethylene glycol dimethacrylate.

"PEGDMA, polyethyleneglycol dimethacrylate.

°10-MDP, 10-methacryloyloxydecyl dihydrogen phosphate.

"HEMA, 2-hydroxyethyl methacryiate.
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Treated group  Aged-new combination  Microtensile bond strength

(Mpa)

RT1 73502350 24335
7350-APX 237 + 3.6

APX-APX 230+ 35"

APX-Z350 206+ 35°

RT3 7350-Z350 351 +30°
Z350-APX 328+3.1°

APX-APX 329+43°

APX-Z350 326+ 3.7°

Control group 7350 526+3.1¢
APX 50.7 +3.6°

The (a,b,6,d) in table 2 were cited to show significant diferences, and different uppercase
superscript letters indlicate significant dilferences between different groups among the
rows after Tukey's test (o > 0.05).
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