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          The purpose of this study was to evaluate the effect of timing of dentin sealing and provisional restoration methods on the bond strength of composite resin to dentin. Flat dentin surfaces were prepared and the teeth were divided into three groups: control, resin restoration with immediate dentin sealing (IDS), and resin restoration with delayed dentin sealing (DDS). For the control group, a dentin surface was bonded by using dual-curing dentin adhesive (Excite DSC) and restored with resin immediately. For the IDS groups, a dentin was sealed with OptiBond FL (OB) or Hybrid Coat (HC), and it was restored with following 3 provisional restoration methods: SQ/PQ/CQ {SQ, water-soluble separator (SEP) + provisional resin; PQ, petroleum jelly + provisional resin; CQ, temporary cement (Cavitec) + provisional resin}. For the DDS groups, a dentin was temporized with 2 provisional restoration methods: Q/CQ (Q, provisional resin only) without dentin sealing. After a week, the provisional restoration was removed and cleaned. The treated dentin surface was bonded using Excite DSC and restored with resin, followed by microtensile bond strength (μTBS) tests. The μTBS of control and the IDS-OB groups were not significantly different (P>0.05). The DDS groups presented lower μTBS than control and the IDS-OB groups (P<0.05). The IDS-HC groups were exhibited lowest μTBS than other groups (P<0.05). There was no significant difference in the μTBS regardless of provisional restorative method in the IDS groups (P>0.05). However, using CQ significantly lower the μTBS than using Q in the DDS groups (P<0.05). IDS with a etch-and-rinse type dentin bonding agent improved the bond strength. The use of ZOE-containing cement on the unsealed dentin surface decreased the μTBS.
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      Ⅰ. INTRODUCTION
      Successful dentin bonding is particularly important in the case of indirect composite resin restorations such as inlays, onlays, and veneers because the bond strength between teeth and restoration is highly dependent on adhesive procedures (Magne et al., 2005). During the provisional phase or the bonding procedure for indirect restorations, the dentin substrate might be exposed to contaminants, which could reduce the potential of ideal dentin bonding (Hu et al., 2010). Magne et al. reported that freshly cut dentin is the ideal substrate for dentin bonding, suggesting the immediate dentin sealing (IDS) technique rather than delayed dentin sealing (DDS), which has been the preferred conventional method for indirect restoration (Magne et al., 2007).

      In IDS technique, dentin bonding agent is followed immediately by cavity preparation prior to taking an impression. With the IDS technique, the clinician can focus on the “wet bonding” to freshly cut dentin, and the sealed dentin is protected from bacterial leakage during temporization (Magne et al., 2005). Consequently, the IDS technique enhances patient comfort by reducing the potential risk of dentin hypersensitivity during temporization, and the cementation procedure requires only limited or no anesthesia, ultimately facilitating occlusal adjustment (Magne et al., 2007). Moreover, this method appears to achieve the increased bond strength, improved restoration adaptation, and fewer gap formations (Stavridakis et al., 2005; Sultana et al., 2007; Udo et al., 2007).

      Selecting the dentin adhesive system for dentin sealing is one of the important factors influencing the success of the IDS procedure. A three-step etch-and-rinse (ER) dentin adhesive, especially the filled dentin adhesive, OptiBond FL (OB; Kerr, Orange, CA, USA) has been highly recommended for IDS (Magne et al., 2005; Magne et al., 2007). It is particularly indicated for indirect restoration not only because of the formation of a consistent hybrid layer with resin tags but also because of its cohesiveness with the restorative material (Magne et al., 1999). However, simplification of the clinical procedure for dental restoration is always desirable. Many simplified dentin adhesive systems have been recently introduced to decrease the lengthy and complex application steps and to minimize the technique sensitivity. Hybrid Coat (HC; Sun Medical, Moriyama, Japan) is a one-step self-etch (SE) dentin adhesive, which can be used to seal and protect the adhesive interface between the dentin and the composite resin.

      Another concern for the success of indirect restorations is the provisional restorative method. The use of a petroleum jelly as a separator and airborne-particle abrasion with aluminum oxide for surface cleaning before the application of the dentin adhesive has been recommended (Magne et al., 2005). Polishing with pumice or roughening with a coarse diamond rotary instrument at low speed also has been suggested to enhance the bond strength of the composite resin to the dentin with the IDS technique (Magne et al., 2004) Up to now, there are no data comparing the effect of the provisional restorative method after application of a dentin adhesive on bonding effectiveness to composite resin. Thus, the effect of IDS technique and correlation between IDS technique and provisional restoration method on bonding effectiveness of composite resin to dentin should be investigated.

      The purpose of this study was to evaluate the bond strength of composite resin to dentin using the IDS technique with different dentin adhesive system and provisional restoration methods. The null hypotheses was that 1) there would be no differences in bond strength of composite resin to dentin according to timing of dentin sealing (IDS vs DDS), 2) there would be no differences in the bond strengths of composite resin to dentin according to the dentin adhesive for IDS, and 3) provisional restoration methods would not influence the bonding efficacy of composite resin to dentin.

    

    

  
    
      Ⅱ. MATERIALS AND METHODS
      The chemical composition and the application mode of the dentin adhesives tested in this study are summarized in Table 1.

      Twenty-seven extracted human third molars, which had no cavities, cracks or other defects were hand scaled to remove soft tissues and were stored in physiological saline solution. Teeth were embedded in self-curing acrylic resin. After removing the occlusal half of the crown using a model trimmer, the exposed tooth surface was sliced until flat and mid-coronal dentin surface was created using a low-speed diamond saw (MetSAW, MSH-04-112, R&B Inc., Daejeon, Korea) under water cooling. 600-grit silicon carbide paper was used under running water to create a clinically relevant smear layer on the dentin surface.

      
        Table 1. 
				
        

        
          Materials used in this study
        
        

      

      
        
          
            	Material
            	Manufacturer
            	Chemical Composition
            	Application mode
          

          
            	Dentin sealing agent
          

        
        
          	OptiBond FL (3-step etch-and-rinse system)
          	Kerr, Orange, CA,USA
          	Primer : HEMA, GPDM, Bis-GMA, MMEP,
Ethanol, water, initiators
Bond : HEMA, GPDM, Bis-GMA, Disodium
hexafluoro-silicate, Barium–aluminum
borosilicate glass, fumed silica
          	1. Etch the dentin surface for 15s.
2. Rinse and air dry for 15s.
3. Apply Primer for 30s.
4. Mild air stream
5. Apply Bond for 15s.
6. Light cure for 20s.
        

        
          	Hybrid Coat (1-step self-etch system)
          	Sun Medical, Moriyama, Japan
          	Base: MMA, 4-META, HEMA, acetone,
water, THIT, aromatic amine
Coat sponge: polyurethane foam, p-TSNa,
aromatic amine
          	1. Apply Base for 20s with coated sponge
2. Mild air stream
3. Light cure for 20s.
        

        
          	Dentin adhesive
        

        
          	Excite DSC (2-step etch-and-rinse system)
          	Ivoclar Vivadent, Schaan, Liechtenstein
          	Adhesive: phosphonate acrylate, HEMA,
highly dispersed silicon dioxide, ethanol,
catalysts and stabilizers
Microbrush: coated with initiators
          	1. Etch the dentin surface for 15s.
2. Rinse and air dry.
3. Apply Adhesive at least 10s.
4. Mild air stream
5. Light cure for 20s.
        

        
          	Water-soluble separator
        

        
          	Super-bond SEP
          	SUN medical
Moriyama, Japan
          	Ethanol
Polyvinyl pyrrolidone
Polyethylene glycol
          	1. Apply the liquid using a brush to desired surface.
2. Evaporate the solvent with a gentle flow of air.
        

        
          	Provisional composite resin
        

        
          	Quicks
          	Denkist, Seoul, Korea
          	UDMA, HEMA Silicone dioxide
          	
        

        
          	Composite resin
        

        
          	Estelite Σ Quick
          	Tokuyama Corp,
Tokyo, Japan
          	BisGMA, TEGDMA, initiator, Mequinol, BHT
          	
        

        
          	Temporary cement
        

        
          	Cavitec
          	Kerr, Orange, CA, USA
          	Base: Zinc oxide, White mineral oil
Accelerator: Eugenol, White mineral oil
          	1.Dry the tooth surface.
2.Thoroughly mix equal amounts of base and accelerator for 30s.
3.Apply a thin layer of mixed cement.
        

      

      
        
          HEMA = 2-hydroxy ethyl methacrylate; GPDM = glycerophosphoric acid dimethacrylate; Bis-GMA = bis-phenol A diglycidyl methacrylate; MMEP = Mono (2-methacryloyloxy) ethyl phthalate; MMA = methyl methacrylate; 4-META = 4-methacryloxy ethyl trimellitic acid anhydride; THIT = tris (2-hydroxyethyl)-isocyanurat-truacylate, p-TSNa = sodium p-toluene sulfinate, UDMA= urethane dimethacrylate, TEGDMA= Triethylene glycol dimethacrylate, BHT= butylated hydroxytoluene.
        

      

      

      The teeth were divided into three groups according to the restoration methods: i) immediate resin restoration group (control), ii) delayed resin restoration with IDS treatment (IDS group), and iii) delayed resin restoration without IDS (delayed dentin sealing, DDS) (Table 2).

      
        Table 2. 
				
        

        
          Flow chart of Experimental groups
        
        

      

      
      

      For the control group, the exposed dentin surface was etched for 15 s with 37.5 % phosphoric acid gel (Etch-37, Bisco Inc., Schaumburg, IL, USA) followed by abundant rinse and blot air dry. Dual-curing dentin adhesive (Excite DSC; IvoclarVivadent, Schaan, Liechtenstein) was applied for 15 s and air-dried for 5 s followed by light polymerization for 20 s with an Optilux 501 halogen curing light (Kerr, Middleton, WI, USA) with an energy higher than 450 mW/cm2 as measured by a curing radiometer (Optilux Radiometer; Kerr, Middleton, WI, USA). Estelite composite resin (Tokuyama Dental Corp, Tokyo, Japan), shade A2, was built up on the treated dentin surface to 4 mm high in increments of 2 mm; each increment was light cured for 20 s.

      For the IDS groups, the dentin surface was sealed with two dentin adhesives according to the manufacturer’s instructions: i) three-step etch-and-rinse system (OB) and ii) one-step SE dentin adhesive (HC). The prepared dentin surfaces were restored with one of the following three provisional restorative methods: i) SQ method, water-soluble separator (SEP; Superbond SEP, Sun Medical, Moriyama, Japan) + provisional composite resin (Quicks; Denkist, Seoul, Korea), ii) PQ method, petroleum jelly + Quicks, and iii) CQ method, temporary cement (Cavitec; Kerr, Orange, CA, USA) + Quicks. For SQ and PQ method, the thin coat of SEP and petroleum jelly were applied to the sealed dentin surface. Quicks was built up until it was 2 mm high and light cured for 40 s, followed by one-week saline storage. For CQ method, pre-cured Quicks in 2mm-height was cemented with Cavitec.

      For the DDS groups, the dentin surface was restored with two different provisional restorative methods without applying the dentin adhesive: i) Q method, Quicks only and ii) CQ method, Cavitec+ Quicks. For Q method, Quick was applied without any dentin surface treatment. For CQ method, the dentin surface was temporalized as same as CQ method in IDS group.

      For the IDS and DDS groups, the specimens were kept in saline for one week. Then, the provisional restoration was removed and the sealed dentin was cleaned by water and fluoride-free pumice (Zircate Prophy Paste, Denstply Caulk, Milford, DE, USA). A dentin adhesive, Excite DSC, was applied, followed by 4-mm-high composite resin restoration using Estelite in 2-layer increments.

      All the specimens were then stored in 100% humidity for 24 h at 37°C. After 24 h storage, the teeth were sectioned in the X and Y perpendicular directions with a low-speed diamond saw in order to obtain multiple beams with cross-sectional areas of approximately 0.81 mm2 for the microtensile bond strength (μTBS) test. Approximately 11 to 13 beams were prepared from each tooth, and four of beams among them were selected to include the specimen with similar length and proportion of dentin-composite complex. The ends of each specimen were fixed to the microtensile tester (Bisco Inc., Schaumburg, IL, USA) with cyanoacrylate adhesive plus an accelerator (Zapit® base and accelerator, Dental Ventures of America Inc., CA, USA). μTBS test was carried out at a crosshead speed of 1mm/min until failure occurred. The results were obtained at the moment of the specimen fracture and calculated in MPa.

      The μTBS data were statistically analyzed by two-way analysis of variance (ANOVA). The Tukey HSD test was used to detect pairwise differences among experimental groups. All statistical testing was performed at a preset alpha of 0.05. Statistical analysis was performed using SPSS for Windows (version 12.0; IBM SPSS Inc., Chicago, IL, USA).

    

    

  
    
      Ⅲ. RESULTS
      Table 3 shows the μTBS values for each group. The μTBS of control and the IDS-OB groups presented highest μTBS, and there were no significant difference (P>0.05). There was no significant difference in the μTBS values between the IDS-OB groups according to the provisional restorative method (P>0.05). The IDS-HC groups were exhibited lowest μTBS than other groups (P<0.05). Within the IDS-HC groups, no significant differences were observed according to the provisional restorative method (P>0.05). The DDS groups presented lower μTBS than control and the IDS-OB groups (P<0.05). Within the DDS groups, using CQ significantly lower the μTBS than using Q for provisional restorative method (P<0.05).

      
        Table 3. 
				
        

        
          Mean and standard deviation (S.D) of microtensile bond strength of experimental groups (MPa) (n = 12)
        
        

      

      
        
          
            	Group
            	Dentin sealing agent
            	Provisional restoration
            	Mean (S.D)
          

        
        
          	Control
          	-
          	-
          	38.23 (3.22)a
        

        
          	OB
          	SQ
          	34.04 (3.49)a
        

        
          	PQ
          	35.39 (10.12)a
        

        
          	CQ
          	41.05 (5.96)a
        

        
          	IDS
          	HC
          	SQ
          	15.36 (4.36)c
        

        
          	PQ
          	19.02 (5.68)c
        

        
          	CQ
          	16.39 (8.27)c
        

        
          	DDS
          	X
          	Q
          	28.29 (3.49)b
        

        
          	X
          	CQ
          	20.98 (4.31)c
        

      

      
        
          Different superscripts indicate significantly different for P <0.05.
        

        
          Abbereviations, IDS: immediate dentin sealing, DDS: delayed dentin sealing, OB: OptiBond FL, HC: Hybrid Coat, SQ: SEP+Quicks, PQ: Petroleum jelly+Quicks, CQ: Cavitec+Quicks, Q: Quicks.
        

      

      

    

    

  
    
      Ⅳ. DISCUSSION
      Magne et al. suggested that when preparing teeth for indirect bonded restorations using the IDS technique, because of the delayed placement of the restoration and postponed occlusal loading, the dentin bond can increase over time and residual stresses can dissipate, resulting in significantly improved restoration adaptation. (Magne et al., 2005) IDS technique is mostly used in indirect restoration, and the bonded dentin surface is luted using resin cement followed by seating the indirect restoration. To investigate the bonding effectiveness of IDS technique on dentin to composite, Magne et al used dentin/restoration complex model instead of dentin/cement/indirect restoration complex model to reduce the procedural errors which can be happened between multiple adhesive interfaces (Magne et al., 2005, Magne et al., 2007). In this study, we also used dentin/restoration complex model to evaluate the effect of IDS technique and correlation between IDS technique and provisional restoration method on bond strengths of composite resin to dentin.

      Several studies incorporating various dentin adhesives and application methods have also shown that the IDS technique showed increased adhesive effectiveness as compared to the DDS technique, which is related to formation of longer resin tags and a thicker hybrid zone on the freshly cut dentin (Jayasooriya et al., 2003; Okuda et al., 2007). Moreover, the IDS technique can protect the tooth from the consequences of microleakage by sealing the dentinal tubules that are vulnerable to bacterial invasion immediately after completion of the preparation (Demirci et al., 2013; Magne et al., 2005). Sealing the dentin tubules also reduces sensitivity by preventing hydraulic fluid flow within the dentin tubules, which is associated with postoperative sensitivity (Suzuki et al., 1994).

      Postoperative dentin hypersensitivity is one of the nuisances that dentists frequently confront in a clinical situation. HC is originally introduced to the market as desensitization agent which could be also used as dentin adhesive; thus it might be an easy, fast and user-friendly material during temporalization period. However, the IDS groups with three-step ER dentin adhesive (OB) showed significantly higher bond strengths than the IDS groups with one-step SE dentin adhesive (HC) and the DDS groups. Thus, the first null hypothesis was partially rejected and the second one was rejected.

      As reported in several studies, most simplified one-step SE dentin adhesive are the least durable, whereas three-step etch-and-rinse and two-step SE dentin adhesive continue to show the best performance in terms of bond strength, aging, and stability of the bonded interface (Mine et al., 2009; Sarr et al., 2010; Scholtanus et al., 2010). One-step SE dentin adhesive has been shown to contain a higher concentration of acid derivatives, methacrylated phosphoric acid esters, water, and organic solvents than conventional dentin adhesives, simultaneously etching and infiltrating the dentin surface. HC is a one-step SE dentin adhesive comprising 4-methacyloxyethyl trimellitic anhydride (4-META) as a functional acidic monomer that decalcifies dentin substrate and penetrates through the smear layer to form a hybrid layer. However, the low pH (1.5–2.5) of one-step SE dentin adhesive due to the acidic monomers makes them hydrolytically unstable and permeable because of the mixture of methacrylate-based components and hydrophilic components (Nayif et al., 2010). The adhesive interfaces of the one-step SE dentin adhesive differed significantly as compared to other multi-step adhesive systems that form a thin and irregular adhesive layer (Nayif et al., 2010; Van Landuyt et al., 2009). Concerning the thickness of the oxygen inhibition layer, the thin adhesive layer of one-step SE dentin adhesive might also affect from low degrees of conversion, thus reducing the quality of the adhesive interface (Amirouche-Korichi et al., 2009). Considering the above, multi-step adhesive systems, including the separated hydrophobic bonding component, are appropriate for IDS because of their ability to form a more hydrophobic and uniform resin coating.

      
        
        

        Figure 1. 
				
        

        
          Microtensile bond strength of experimental groups (MPa)
          Abbreviations, IDS: immediate dentin sealing, OB: OptiBond FL, HC: Hybrid Coat, DDS: delayed dentin sealing, SQ: water-soluble separator (SEP) + provisional composite resin (Quicks), PQ: petroleum jelly + Quicks, CQ: ZOE-based temporary cement (Cavitec) + Quicks, Q: Quicks only. Different superscript indicates a significant difference (P<0.05).

        
        

        

      

      Practically speaking, provisional restorative methods for indirect restoration need to be used with caution because the IDS-treated surfaces have the potential to bond to resin-based provisional materials and cements. Considering that the IDS technique can be used not only for inlays and onlays but also for full veneer crowns, the influence of provisional cement on dentin bonding is another important issue. In our study, there was no significant difference in the μTBS regardless of provisional restorative method so that third null hypothesis was rejected.

      Among the contemporary dental materials, zinc oxide eugenol (ZOE) is presumably one of the most popular provisional cements for indirect restorations because it is easy to remove, cost effective, and it has a sedative effect on hypersensitivity (Kielbassa et al., 1997; Markowitz et al., 1992). However, the use of ZOE-containing provisional cements has to be considered carefully prior to definitive adhesive cementation with dentin adhesives and resin cements (Carvalho et al., 2007; Frankenberger et al., 2007; Yap et al., 2001). The polymerization of composite resins and dentin adhesives is induced by radicals; however, eugenol is a radical scavenger that inhibits the polymerization reaction (Hume, 1984). The hydroxyl group of the eugenol molecule tends to protonize these radicals and blocking their reactivity and reduce the degree of conversion of the composite (Kielbassa et al., 1997). In the present study, there was no significant difference in the IDS groups according to the provisional restoration method. However, using Cavitec with provisional restoration statistically significantly lower the bond strength in the DDS groups (P<0.05). In previous studies, ZOE-containing cements could be used safely prior to inserting resin-based filling materials (Carvalho et al., 2007; Peutzfeldt et al., 2006). On the other hand, there are contradictory findings mentioning that ZOE-containing cements should be avoided because of the detrimental effect on bonding (Millstein et al., 1992; Xie et al., 1993). According to the in vitro experimental model by Hume, the effect of eugenol concentration on dentin remains relatively constant for more than a week because of the release and diffusion action of eugenol through the dentin (Hume, 1984). Although the methodology used in current study has limited ability in terms of analyzing the cause of different results of bond strength, we speculate that eugenol might remain an adherent surface due to the diffusion through the dentin in the DDS group, thus affecting the bond strength results.

      A key element in IDS is the development of an efficient resin-to-resin bond between the existing resin coating by dentin adhesive and the new composite resin cement. In clinical situation, IDS technique is the application of a dentin adhesives followed by cavity preparation prior to making an impression for indirect restoration. In our study, we performed not indirect restoration with composite resin cement but direct resin restoration on the IDS or DDS surface with dual-curing dentin adhesive. Our experimental design was followed the previous study (Magne et al., 2007). This situation is somewhat similar to a resin-to-resin repair, and so surface conditioning methods can influence the bond strength. By simplifying the experimental procedure, we can rule out the procedural errors during the cementation procedure or bias from the indirect restoration material such as type of ceramic and composite resin. Additionally, recent trend in the cementation of indirect restoration is the use of self-adhesive resin cement which has advantage in its convenience. It has been reported that there are no significant differences between various self-adhesive resin cements, and those results were clinically favorable to use (Kim et al., 2013). Bonding effectiveness of self-adhesive resin cement with IDS treated dentin surface should be further investigated to determine its clinical application.

      Although Magne et al. recommend to use airborneparticle abrasion with aluminum oxide for surface conditioning (Magne et al., 2005; Magne et al., 2007), we used fluoride-free pumice IDS and DDS surfaces. Recent study has reported that there is no significant difference in fluoride-free pumice paste, airborne-particle abrasion with aluminum oxide, or glycin (Falkensammer et al., 2014). In our study, we did not aim to compare the effect of surface conditioning method on bonding efficacy of dentin to composite. However, different surface conditioning method might influence the surface morphology or bonding efficacy. Further study on surface conditioning on IDS surface is necessary for final evaluation of the suggested results.

    

    

  
    
      Ⅴ. CONCLUSION
      We found that sealing the dentin with a three-step etch-and-rinse system prior to provisional restoration in indirect resin restoration resulted in improved bond strength. Using the IDS technique for indirect restoration, provisional restorative methods did not decrease the bond strength to the composite resin. However, without using the IDS technique, the use of a ZOE-containing provisional cement may be contraindicated because of reduction of bond effectiveness.
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