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Abstract  
This study aims to evaluate microtensile bond strength (μTBS) of universal adhesives applying in a total-etch 

mode after 24 hours and 6 months of water storage. Twenty-four extracted human third molars were cut to expose a flat 

dentin surface. Single Bond Universal (SU; 3M ESPE, USA), G-Premio BOND (GP; GC Corporation, Japan), and 

Prime&Bond Universal (PB; Dentsply, Germany) were used in total-etch mode following the manufacturers’ 

instruction (n=8). After light-curing, composite resins were constructed on prepared dentin and then sectioned into 

118 mm3 slab to be tested after 24 hours and 6 months of water storage. The µTBS values of all universal adhesives 

were obtained analyzed with repeated measure ANOVA followed by Tukey Post Hoc test and Pair T-test (p=.05). The 

results revealed that μTBS of SU was not significantly different from PB (p=.286) but they were a statistically 

significant difference from GP (p<.001, p=.005, respectively). Considering the length of storage time, bond strength 

values of all adhesives applying in a total-etch mode were not statistically significantly decreased after 6 months of 

water storage comparing to 24 hours of water storage except G-Premio BOND (SU p=.1; GP p=.03; PB p=.814). In 

conclusion, universal adhesives, used in this study via a total-etch mode, performed differently. Water storage for 6 

months affected bond strength of a HEMA-free universal adhesive, G-Premio BOND. 
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1.  Introduction 

Establishing an effective bond between tooth substrates and resin composites remains a challenge 

in restorative dentistry (Irmak et al., 2016; Peumans et al., 2005). Type of the adhesive system has an 

important role in bonding to dentin and has an influence on the clinical performance of resin composite 

restoration.  
A total-etch adhesive system that has been widely used, was proved to totally remove the smear 

layer of dental substrates via the action of phosphoric acid (Breschi et al., 2008; Perdigao, 2010; Tay & 

Pashley, 2002). Thus, this system had been shown to provide high-quality adhesion to both enamel and 

dentin (Van Meerbeek et al., 2003; Van Meerbeek et al., 2004). After conditioning with phosphoric acid to 

enamel, the hydroxyapatite (HAp) was created macro- and micro-porosities. This process allowed the resin 

to penetrate to form “prism-like” resin tags (Swift, Perdigao, & Heymann, 1995). On the other hand, the 

adhesion to dentin was more challenging due to the difference in enamel and dentin composition (Peumans 

et al., 2005). There was a few HAp left at the microporous network of collagen on the treated dentin surface 

after phosphoric acid application (Van Meerbeek et al., 2003). Moreover, water within the collagen network 

must be entirely replaced by resin monomers to achieve a stable bond (Breschi et al., 2018). One of the 

disadvantages of total-etch adhesive system was their susceptibility to variations in the degree of dentin 

moisture resulting in incomplete resin infiltration along the decalcified dentin (Dal-Bianco et al., 2006; 

Miyazaki, Onose, & Moore, 2002; Reis et al., 2007; Spencer & Swafford, 1999; Spencer et al., 2000). The 

phenomenon called interfacial hydrolytic degradation was considered to be the primary reason for resin 

degradation due to incomplete infiltration of resin monomers into the dentin collagen network of hybrid 

layer (Breschi et al., 2008; Frassetto et al., 2016; Sano, 2006). This phenomenon was a chemical reaction 

which broke covalent bonds affecting the loss of the resin mass (Breschi et al., 2008).  

Current adhesive technology tends to simplify bonding procedures by reducing application steps, 

shortening clinical application time and decreasing technique sensitivity (Marchesi et al., 2014). Therefore, 

the new family of dental adhesives known as ‘‘universal adhesive’’ or ‘‘multi-mode adhesive’’ has been 

introduced. It was designed to bond to tooth structures via either total-etch technique or self-etch technique 

using the same single bottle of adhesive solution (Hanabusa et al., 2012; Rosa, Piva, & Silva, 2015; Wagner 

et al., 2014). For the total-etch technique, the application of an etching step prior to the universal adhesive 
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application significantly improved their dentin penetration pattern when compared to the non-etching step 

(Wagner et al., 2014). From the previous study, it was shown that the dentin bond quality of universal 

adhesives did not have a negative effect when applied in a total-etch mode (Takamizawa et al., 2016). Jang 

et al. (2016) presented that the dentin bond strength of universal adhesive was comparable to contemporary 

multi-step adhesives. 
Although there are several studies of enamel and dentin bonding performance using universal 

adhesives (Chen et al., 2015; Loguercio et al., 2015; McLean et al., 2015; Munoz et al., 2015; Wagner et 

al., 2014), only limited information is available on the bonding quality of universal adhesives using total-

etch mode (Marchesi et al., 2014; Saikaew et al., 2016; Taschner et al., 2014). The purpose of 

this study was to evaluate microtensile bond strength (μTBS) of the universal adhesives applying in a total-

etch mode after 24 hours and 6 months of water storage. 

2.  Objectives 

The objective of this study was to evaluate the microtensile bond strength of universal adhesives 

applying in a total-etch mode after 24 hours and 6 months of water storage. 

3.  Materials and Methods 

This study was approved by the ethical committee of the Faculty of Dentistry, Chulalongkorn 

University, Thailand (approval number: HREC-DCU 2017-064).  

Preparation of dentin specimens 
Twenty-four extracted human third molars, free of debris and soft tissue, were stored in a 0.1% 

thymol solution at 4°C (Aydin et al., 2015). Teeth were analyzed following selection criteria: no caries nor 

previous restorations, no cracks. Teeth were mounted in a clear self-curing acrylic resin (Shofu, Japan) 

sized 221812 mm3 with the cementoenamel junction (CEJ) exposed (Figure 1A). Occlusal one-third of 

dental crowns were removed perpendicular to the long axis of each tooth using a water-cooled Isomet low-

speed diamond saw (Isomet 1000, Buehler, USA) to expose a flat mid-coronal dentin surface (Figure 1B). 

Dentin surfaces were then treated by wet-sanding with a 600-grit silicon carbide sandpaper at 100 rpm for 

30 s (Minitech 233, Presi, France) to produce standard smear layer (Finger, 1988; Pashley et al., 1988; Tao, 

Pashely, & Boyd, 1988).  

Bonding and restorative procedure  

 The teeth were randomly assigned into 3 treatment groups (n = 8 per group, calculated from the 

pilot study) treated by three universal adhesives including Single Bond Universal (SU), G-Premio BOND 

(GP), Prime&Bond Universal (PB). The materials, components, and application methods, shown in Table 1 

and 2, were used following manufacturers’ instructions.  
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  Table 1: Materials, Manufacturers, and Components 

 

Table 2: Material Application technique  

 Following bonding procedures, in all groups, resin composite (Premise, shade XL1, Kerr, USA) 

was incrementally built up to a height of 4 mm (2 mm thick in each layer) (Figure 1C). Each increment was 

light-cured for 40 s from the top, and for 20 s at other surfaces, with light tip held perpendicularly and 

within 1 mm superior to resin composite. After the completion of the resin composite built up, all 

specimens were stored in water at 37°C for 24 hours.  

 

Preparation of µTBS Specimens 

 All specimens were sectioned into 118 mm3 bar-shape slabs using the Isomet low-speed 

diamond saw under water-cooling (Figure 1D). Eight slabs, using only the central dentin portion, were 

chosen and labeled (Eckert & Platt, 2007). All slabs were examined using a stereomicroscope (SZ61, 

Olympus, Japan) at 25 magnification to verify that structurally crack-free, intact slab and their exact 

Material, Manufacturer (batch 

number) 

Components 

Single Bond Universal Adhesive 

(3M ESPE, USA) 

Lot No. 651936 

Adhesive: 10-MDP, Bis-GMA, phosphate monomer, dimethacrylate resins, 

HEMA, methacrylate-modified polyalkenoic acid copolymer, filler, ethanol, 

water, initiators, silane-treated silica 

G-Premio BOND   

(GC Corporation, Japan) 

Lot No. 1611211 

Adhesive:   10-MDP, 4-MET, 10-MDTP, methacrylate acid ester, distilled 

water, acetone, photo initiators, silica fine powder 

 

Prime&Bond Universal 

(Dentsply, Germany) 

Lot No. 1705000051 

Adhesive:  PENTA, 10-MDP, Bis-GMA, UDMA, TEGDMA, HEMA, Initiator, 

Stabilizer, Isopropanol, water 

Premise  

(Kerr, USA) 

Lot No. 6093672 

Filler: Prepolymerized filler (PPF),30-50 µm; Barium glass, 0.4 µm; Silica filler 

0.02 µm  

Resin: Ethoxylated bis-phenol-A-dimethacrylate, TEGDMA, Light-cure 

initiators and stabilizers 

HEMA: Hydroxyethyl methacrylate; Bis-GMA: Bisphenol A-glycidyl methacrylate 2,2-bis [4-(2-hydroxy-3-

methacryloxypropoxy) phenyl] propane; MDP; Methacryloyloxydecyl dihydrogen phosphate; TEGDMA: 

Triethyleneglycol dimethacrylate; UDMA: Urethane dimethacrylate; MDTP: Methacryloyloxydecyl dihydrogen 

thiophosphate; PENTA: Phosphoric acid modified acrylate resin 

Material Manufacturer's instructions (total-etch mode) 

Single Bond Universal 

Adhesive 

(SU) 

 

1. Apply 37.5% phosphoric acid for 15 s, then rinse thoroughly with water and dry with 

foam pellets  

2. Apply the adhesive to etched dentin, 5 µl, and rub it in for 20 s. 

3. Gently air-dry the adhesive for approximately 5 s for the solvent to evaporate. 

4. Light cure for 10 s.  

G-Premio BOND 

(GP) 

 

1. Apply 37.5% phosphoric acid for 15 s, then rinse thoroughly with water and dry with 

foam pellets. 

2. Apply adhesive, 5 µl, and leave undisturbed for 10 s after application  

3. Dry thoroughly for 5 s with oil free air under maximum air pressure 

4. Light cure for 10 s  

Prime&Bond Universal 

(PB) 

 

1. Apply 37.5% phosphoric acid for 15 s, then rinse thoroughly with water and dry with 

foam pellets. 

2. Adhesive applied to etch dentin, 5 µl, (do not desiccate) with rubbing action for 20 s.  

3. Gentle stream of air applied over the liquid for at least 5 s.  

4. Light cure for 10s  
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dimensions were measured at a magnification of 40. The sectioned slabs of each specimen were divided 

equally into 2 subgroups to store in distilled water at 37°C for 24 hours and 6 months. 

 
Figure 1 Preparation of Specimens 

 

 After storage, four sectioned slabs of each subgroups were attached to a Ciucchi’s jig using a 

cyanoacrylate glue (Model Repair II Blue, Dentsply-Sankin, Japan) and subjected to μTBS testing using a 

universal testing machine (EZ-S; Shimadzu Corporation, Japan) at a cross-head speed of 1 mm/min (De 

Munck et al., 2009).  

Statistical analysis 

The μTBS values in MPa were recorded when the fracture occurred and analyzed statistically 

using SPSS 20.0 software (SPSS Inc., USA). The normality of the data was determined using the Shapiro-

Wilk test.  Repeated measure ANOVA and Tukey Post Hoc multiple comparison tests were used to 

determine the different of universal adhesives. Moreover, the storage period of universal adhesives was 

analyzed with Pair T-test. The level of significance was determined as p=.05.  

Modes of failure  

After debonding, the specimens were examined, under a stereomicroscope (SZ61, Olympus, 

Japan) at a magnification of 40×, to verify failure type. Failure modes were classified as shown in Table 3. 
 

    Table 3 Mode of failure 

 

4.  Results and Discussion 

The μTBS values were of a normal distribution (p>.05 in all groups). The μTBS means and 

standard deviations (SD) of 24-hour vs 6-month specimens for all adhesives are shown in Table 4.  

The μTBS of the Single Bond Universal was not significantly different from Prime&Bond 

Universal (p=.286) but they were a statistically significant difference from G-Premio BOND (p<.001, 

p=.005, respectively). Considering the length of storage time, bond strength values of all adhesives 

applying in a total-etch mode were not statistically significantly decreased after 6 months of water storage 

specimen comparing to 24 hours of water storage except G-Premio BOND (SU p=.1; GP p=.03; PB 

p=.814).  

 

 

 

 

 

 

 

Mode of failure 

Co-De Cohesive failure exclusively within dentin (>75% of the failure is within the dentin) 

Co-Re Cohesive failure exclusively within resin composite (>75% of the failure is within the resin 

composite) 

Ad/Mixed Adhesive failure at the resin/dentin interface (>75% of failure between resin/dentin interface 

included cohesive failure of the neighboring substrates) 
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Table 4 24-hour and 6-month water storage μTBS values (means ± SD (MPa)) of the universal adhesives 

 

*Same capital letter means no statistically significant difference at 24-hour water storage; same lower case means no 

statistically significant difference at 6-month water storage; within the adhesive, same number means no statistically 

significant difference (p<.05) 

 

 

 
 

Figure 3 Failure mode analysis of universal adhesives bonded to dentin at 24 hours and 6 months of water storage 

 

Failure type frequencies were given by group in Figure 3. Adhesive failure was noticed to be a 

major finding in all testing groups. Cohesive failure in resin composite was found in Single Bond Universal 

more than any other groups.  

A new dental adhesive known as ‘‘universal adhesive’’ or ‘‘multi-mode adhesive” was developed 

and became more popular. This type of adhesive could be used with a wide range of substrates such as 

tooth structure, ceramic, and metal (Kim et al., 2015; Takamizawa et al., 2016). The universal adhesives 

were recommended by manufacturers to be used with etching or non-etching pretreatment to the dental 

structure. Many studies reported that the performance of bond strength and clinical appearance did not 

depend on the etching procedure (Burke et al., 2017; Forgerini et al., 2017; Rosa et al., 2015). 

Universal adhesives contain multiple functional monomers, i.e. 10-MDP in all universal adhesive; 

4-MET, 10-MDPT in G-Premio BOND; PENTA, UDMA, TEGDMA in Prime&Bond Universal. 

According to some former studies, 10-MDP created a chemical bond with hydroxyapatite crystals and 

turned into a stable calcium-phosphate salt (Inoue et al., 2005; Reis et al., 2009; Toledano et al., 2007; 

Waidyasekera et al., 2009; Yoshihara et al., 2011). The chemical bonding of 10-MDP improved bond 

strength and adhesion durability (Feitosa et al., 2012; Yoshida et al., 2012; Yoshihara et al., 2011). In 

addition, 4-MET also chemically bonded to hydroxyapatite. However, the chemical bonding ability of 4-

MET was weaker than 10-MDP, and the solubility of calcium salt formed by 4-MET could be higher 

(Yoshida et al., 2004). These were the reasons why G-Premio BOND had the lowest μTBS in this study. 

This was in agreement with the previous study that 10-MDP-based adhesive had higher dentin μTBS as 

shown in the 4-MET-based adhesive (Inoue et al., 2003).  

Moreover, the application method of universal adhesives was one of the factors which had an 

influence on dentin μTBS. G-Premio BOND was the only material that the manufacturer recommended to 

apply and leave the material undisturbed, whereas other adhesives were recommended to apply with a scrub 
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or rub motion (Hanabusa et al., 2012; Munoz et al., 2014; Sezinando et al., 2015). The solvent evaporation 

and monomer infiltration occurred under active application could be increased. The active application also 

enhanced chemical interaction with the dentin substrate and improved polymerization efficacy. These led to 

an increase in dentin bond strength (Wang & Spencer, 2003; Zhang & Wang, 2012). 

The μTBS of the adhesive-dentin bond of G-Premio BOND in this study after water storage for 6 

months were significantly decreased when compared to water storage for 24 hours. However, the bond 

strengths of Single Bond Universal and Prime&Bond Universal adhesives were no significant decreased 

between 24 hours and 6 months of water storage. Similar to the previous study which demonstrated that the 

bond strength to dentin after 6 months aging in artificial saliva was reduced the bond strength of Single 

Bond Universal (irrespective of the application mode) compared to immediate values (Marchesi et al., 

2014). The finding was consistent with others study, which indicated that the bond strength of Single Bond 

Universal when used in self-etch mode and total-etch mode was stable after 6 months of water storage 

(Munoz et al., 2015). The in vitro performance of universal adhesives has been reported to be material-

dependent due to the complexity of their chemical composition (Hanabusa et al., 2012; Munoz et al., 2013). 
If the exposed collagen is not fully encapsulated by the polymerized adhesive monomers, demineralized 

collagen fibrils will be vulnerable to time-dependent hydrolytic degradation by water, leaving voids within 

the hybrid layer or demineralized nanochannels (Sano et al., 1994). The previous study found that voids 

within the bonding interface of G-Premio BOND were observed due to the manufacturer recommended the 

application, but not found in Single Bond Universal (Saikaew et al., 2018). Moreover, G-Premio BOND, a 

HEMA-free adhesive, was prone to phase separation affecting lower bonding quality (Van Landuyt et al., 

2005). 

Within the limitations of this study, only 24-hours compared to 6-month water storage bond 

strength values of a few universal adhesives were revealed. Thus, further study should be done focusing on 

improving bonding performance of adhesive systems using various of application techniques and 

comparing the bond strength to the other adhesives, such as the conventional total-etch adhesive and self-

etch adhesive systems. 

 

5.  Conclusion 

Universal adhesives that used in this study via a total-etch mode performed differently. The 6-

month water storage affected bond strength of a HEMA-free universal adhesive, G-Premio BOND.  
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