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Abstract 

Objective: This article is to study the effect of different surface treatments of zirconia 
ceramics on the bond strength of the eighth-generation universal Single Bond Universal 
binder resin. Method: Cut the UPERCA Altron zirconia ceramic block into 
4mm×4mm×2mm small pieces under a low-speed cutting machine, and divide them into 
5 groups. A group: control group; B group: silane coupling agent treatment group; C 
group: sandblasting group; D group: sandblasting + 10-MDP treatment group; E group: 
sandblasting + silane coupling agent treatment group. Use Single Bond Universal 
adhesive to bond with Dentec DX. Flow light-curing fluid resin in a specific shape under 
the constraints of the mold. After 24 hours, the maximum shear force between each 
group of resin and zirconia ceramics was measured with a universal tester, Anti-shear 
strength was calculated, and the section was observed under a scanning electron 
microscope. Results: Anti-shear strength of the five groups are all ideal. There is no 
significant difference between group A and group B, group C, group D and group E, but 
there is a significant difference between group B and group C. Among them, the lowest is 
18.3±2.69 (MPa) in group A, 21.85±6.57 (MPa) in group B, 30.43±5.61 (MPa) in group C, 
27.91±4.21 (MPa) in group E, and the highest in group D is 32.17± 4.72 (MPa). All five 
groups of experimental data are statistically significant. Conclusion: When using Single 
Bond Universal adhesive, sandblasting can be used to simplify the clinical operation 
steps, and the ideal bonding effect can also be obtained. If the retention of the composite 
resin on the restoration is poor, it can be treated with 10-methylpropyl acyloxy sebacate 
(10-MDP) after sandblasting in clinical practice, and the bonding effect is the most ideal. 
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1. Introduction 

The all-ceramic materials have met most people' demand for clinical restoration after forty years of 
development, because they have wide indications, excellent aesthetic properties, good 

biocompatibility, fewer certifications and other features, all-ceramic materials have become the first 

choice for various restoration materials in clinical treatments. At present, the zirconia-based all-

ceramic material is commonly believed to be an all-ceramic crown restoration material with highest 

hardness, best wear-resisting property and largest application scale in the world, zirconia-based all-

ceramic restoration material also has excellent biocompatible activity, excellent mechanical 

properties and good thermal conductivity, as well as strong anti-acid corrosion. There have been more 

and more studies on the biological ceramic technology on zirconia-based all-ceramic material in 

recent years, which has been well applied in industrial medical treatment, construction engineering, 

instrument textiles, refractory materials, etc. Zirconia is an all-ceramic restoration material formed 
by cutting, the cut blanks are formed by the pressing of high temperature and high pressure, finally, 
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the prepared zirconia blocks can be obtained after a series of sintering. The stable tetragonal crystal 

zirconia with 33% cerium oxide is added to make the all-ceramic material in the alumina-based glass 

penetrated all-ceramic powder, this all-ceramic material consists of uniformly dispersed tetragonal 

crystal zirconia, because the tetragonal crystal has stress-induced phase transformation toughening 
effect, its bending strength is the strongest among glass infiltrated all-ceramic materials [1]. Moreover, 

zirconia also has the characteristics of low expansion coefficient, low thermal conductivity and low 

galvanic property; these physical and chemical properties make zirconia play a decisive influence in 

the production of dental crown restoration. Even so, the zirconia material with excellent performance 

brings new problems, and its high-strength property makes the whole porcelain restoration more 

likely to break, perforate and porcelain fracture during use, etc. After 2-7 years of trace and 

investigation, the porcelain fracture rate of zirconia all-ceramic single crowns is 12.62%, in addition, 

the porcelain fracture frequency of zirconia all-ceramic single crowns in the posterior area is 

significantly higher than that of the anterior teeth[2]. In the selection of the restoration plan in such 

clinical situations, the all-ceramic crown can be re-made after removing the broken restoration, but 
this treatment method has many disadvantages. On the one hand, its operation is more complicated, 

on the other hand, the teeth needs to be re-prepared, the residue of the abutment tooth tissue is less, 

and its resistance strength will be greatly undermined. Furthermore, patients also need to bear more 

pain and financial burden. Therefore, light-curing resin is usually used for secondary restoration after 

the porcelain of zirconia all-ceramic crown fracture; light-curing resin and zirconia ceramic require 

the adhesive to ensure the adhesion strength of the two. Usually, the adhesive should be coated the 

surface treatment is carried out at the porcelain fracture of zirconia restoration, and then use light-

curing resin is used to restore its shape.  

After the adhesive used in the secondary restoration of all-ceramic crowns changed seven generations, 

finally, it reached the new eighth-generation universal adhesive. The universal adhesive is single 

bottle packaging, which contains acidic functional monomers, hydrophilic and hydrophobic 

monomers, it ensures the stability and biocompatibility of the chemical components while 

guaranteeing the function of various chemical components. Changes in the types and contents of 

different chemical compositions have different impacts on the properties of the adhesive[3]. Self-

etching, full-etching and selective etching, these three approaches are applicable in universal 
adhesives, the instructions points out that the acid-etching step can be omitted and the adhesion can 

be carried out directly in the clinical adhesion step. At present, after the zirconia ceramic surface was 

treated by different methods with universal adhesion, there are few studies on the cohesive strength 

between it and resin. This paper takes Single Bond Universal adhesive as the representative of 

universal adhesives, explores which zirconia ceramic surface treatment technology can be used to 

make the Single Bond Universal adhesive exploit the best adhesive performance, and provides basis 

for the wide clinical applications. 

2. Materials and Methods 

2.1 Materials 

2.1.1 Selection of zirconia ceramic block  

The domestic UPERCA zirconia ceramic block was selected for spare after cleaning. 

2.1.2 Reagents 

3M Single Bond Universal adhesive, USA; ULTRADEN silane coupling agent, Germany; Dentek 

Metal Zirconia Primer 10-MDP, Germany; Dentek DX.Flow light-curing fluid resin, Germany, etc. 

2.2 Methods 

2.2.1 Preparation of zirconia ceramic block 

The low-speed cutting machine was used to cut the UPERCA zirconia ceramic block into small pieces 

with 4mm×4mm×2mm, they were observed under the microscope, 50 zirconium blocks with flat 

surfaces and no obvious defects and cracks were selected, 400, 600, 800, 1000, 1200, 1500 silicon 
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carbide waterproof abrasive paper were used to prepared the surface of the zirconia ceramic block for 

5 minutes, respectively, then conducted polish, and dried with oil-free air for spare after ultrasonically 

clean. 

2.2.2 The grouping and surface treatment of zirconia ceramic block  

50 zirconia blocks were divided into 5 groups randomly, each group had 10 blocks. 

Group A: Control group. The surface of zirconia ceramics was not treated after polishing. 

Group B: Silane coupling agent treatment group. After the surface of zirconium oxide was polished, 

the silane coupling agent was uniformly coated for 30 seconds, and dried it with oil-free air. 

Group C: Sandblasting group. After the surface of the zirconia ceramic block was polished, under 

0.3MPa pressure, it was blasted with 110μm alumina grit for 20s in 1.0cm away from the surface of 

the zirconia ceramic block 

Group D: sandblasting+10-MDP treatment group. After sandblasting group C, Metal Zirconia Primer 

10-methacryloyloxydecane dihydrogen phosphate was evenly coated for 15s, and dried with oil-free 

air. 

Group E: Sandblasting + silane coupling agent treatment group. After sandblasting group C, the silane 

coupling agent was evenly coated for 30s, and dried it with oil-free air. 

2.2.3 Preparation of cohesive specimens 

The thin layer Single Bond Universal adhesive was uniformly coated on the surface of all zirconia 

ceramics for 20s, dried it lightly with oil-free air for 5s, and irradiated it with light curing lamp for 

10s. The hollow cylindrical mold was fixed on the surface of the zirconia ceramic with pincers; it was 

used for limiting the bonding area between the zirconia ceramic and the resin, the light-curing fluid 

resin was filled into the hollow cylindrical mold with 4mm diameter, light curing lamp irradiated for 

40s, after the light-curing resin was completely cured, the mold was removed, and the cohesive 

specimens were prepared for spare. 

2.3 Evaluation methods 

2.3.1 Shear strength test 

The specimens were fixed on the universal testing machine, the single-blade head was as close as 

possible to the bonding surface of the zirconia ceramic and resin, it was parallel to the bonding surface 

and perpendicular to the resin column, the single-blade head's speed was set to be 1mm/min, until the 

zirconia ceramic block was separated from the resin column, the maximum load value (N) when 

separation was recorded, the shear strength was calculated based on the formula: shear 

strength(MPa)= maximum load value (N)/bonding area (mm²). The data obtained were expressed 

with mean ± standard deviation, and SPSS 22.0 statistical software was used for carrying out one-

way analysis of variance. 

2.3.2 Observation with scanning electron microscope  

The cut zirconia ceramic blocks were put into the ultrasonic cleaning machine for cleaning and drying. 

After spraying gold on the surface, observed the fracture surfaces of the zirconia ceramic blocks of 

different treatment groups under the scanning electron microscope, and recorded the fracture mode 

for analysis. There are three types of fracture modes: 

(1) Interfacial failure: The fracture surface is in the bonding interface; 

(2) Cohesive failure: The fracture surface is inside the resin or zirconia ceramic; 

(3) Mixed failure: Interfacial failure and cohesive failure exist at the same time. 

3. Results 

3.1 Test results of shear strength  

The average value and standard deviation of the shear strength detected by each treatment group can 

refer to Table.1, statistical analysis shows: there is no is no significant difference (P>0.05) in the shear 
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strength between group B (21.85±6.57MPa) and group A (18.3±2.69MPa); the shear strength of 

group C (30.43±5.61MPa), group D (32.17±4.72MPa) and group E (27.91±4.21MPa) is higher than 

that of group A (P<0.05); there is no significant difference in the shear strength between group C, 

group D and group E (P<0.05). 

Table.1 the shear strength results of five groups  

treatment 
shear strength 

(MPa) 
F value P 

A 18.3±2.69* 

 

 

 

8.023 

 

 

 

<0.05 

B 21.85±6.57*& 

C 30.43±5.61#& 

D 32.17±4.72# 

E 27.91±4.21# 

Note: different symbols behind the same column of data represent significant differences among 

different treatments* #（P＞0.05) &（P＜0.05) 

3.2 Observation results of scanning electron microscope (200×, 400×) 

The results of scanning electron microscope show that the surface difference between group A (Fig.1, 

Fig.2) and group B (Fig.3, Fig.4) is very small, and even row of cutting lines can be seen; the zirconia 
surfaces of group C (Fig.5, Fig.6), group D (Fig. 7, Fig. 8) and E group (Fig. 9, Fig. 10) are relatively 

similar, their surfaces are relatively rough, and scattered resin tag residue can be seen. The five groups 

of fracture modes are all the interfacial failure between the light-curing resin and the zirconia ceramic. 

 

Fig.1 Group A SEM200×                    Fig.2 Group A SEM400× 

 

Fig.3 Group B SEM200×               Fig.4 Group B SEM400× 
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Fig.5 Group C SEM200×        Fig.6 Group C SEM400× 

 

Fig.7 Group D SEM200×    Fig.8 Group D SEM400× 

 

Fig.9 E group SEM200×     Fig.10 E group SEM400× 

4. Discussion 

Zirconia is a kind of anti-acid etching, wear-resisting and heat resistant inorganic nonmetal, which 

has natural color, good biocompatibility and stable chemical properties, it can significantly enhance 
the resistance strength of restorations, it is an ideal restoration material widely used in dental clinics[4]. 

In allusion to the easy-to-fracture shortcomings of zirconia all-ceramic crowns, adhesives and 

composite resins are usually used in clinical treatment for restoration, it is necessary to coat the 

adhesive after surface treatment is carried out on the porcelain fracture of the zirconia restoration, 

then use light-curing resin is used to restore its shape to ensure the restoration effect of the second 

restoration after the all-ceramic crown fracture, after the surface of zirconia ceramic is treated in 

different ways with universal adhesive, there are few studies on it and the adhesive strength of resin, 

therefore, this study chooses it as the research object. 

Silane coupling agent is a chemical agent that can effectively improve the adhesive strength between 

silicon-based ceramics and composite resins, it is stable siloxane mainly formed by covalent reaction 
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of the methoxymethyl and silicon dioxide on the end of molecule, the copolymerization reaction 

occurs between the organic group and the composite resin on the other end, thus effectively improving 

the adhesive strength between the silicon-based ceramic and the composite resin cement. However, 

zirconia ceramic has high chemical inertness, lacks glass phase and silicon dioxide, cannot form 
stable chemical bond with silane coupling agents, therefore, it is not conducive to the modification of 

the surface of zirconia ceramic, so there is little effect for its adhesion with composite resin [5]. This 

experimental study shows that there is no significant difference between group B and group A, which 

is related to the material properties of silane coupling agent and zirconia. The shear strength of the E 

group is significantly higher than that of the B group, but it is similar to the C group, the improvement 

of the E group shows that the rise of the shear strength after treatment has nothing to do with the 

silane coupling agent, it is the result of sandblasting treatment. It can be found that the surface of 

group B zirconia is slightly rough and there is no resin residue by observing group B and group E 

under SEM, while the surface of group E zirconia has residual resin tag similar to group C, the 

difference between the two also just proves that the silane coupling agent cannot improve the adhesive 
strength between the zirconia and the resin. However, there are new studies take different approaches 

for the surface silanization of zirconia ceramic, after the applied silicon coating combines with silane 

coupling agent, the organic combination of silicon coating and silane coupling agent can significantly 

improve the shear strength of zirconia ceramic and resin cement, the sol-gel method used is a silicon 

coating with smooth surface, which can import silicon to the surface of the zirconia ceramic base, 

thereby forming the compact structure layer of inlaid zirconia silicon dioxide on its surface[6]. In the 

future, after the surface treatment of the zirconia ceramic material, whether the silicon coating 

combined with silane coupling agent has a significant effect on the improvement of the shear strength 

of the eighth-generation universal adhesive, which will be further explored. 

The sandblasting method is versatile and has ideal effects, its mechanism is that alumina particles 

impact the surface of zirconia at high speed via spray gun, which can not only remove the 

contaminants on the surface of zirconia, increase the surface energy and roughness of zirconia, can 

also form tiny hollows and ravines on the surface of zirconia, make the resin to fill these ravines, 

thereby improving the micromechanical embedding force between the zirconia and the composite 

resin, increasing the adhesive strength and improving the shear strength. In this experiment, the shear 
strength of the sandblasting group is significantly higher than that of the Group A and Group B, the 

residual resin tag on the zirconia surface of the Group C is observed in the SEM, it suggests that the 

resin and the surface of zirconia after sandblasting produce micromechanical embedding during 

filling, it is this mechanical embedding that make part resin is not separated from the zirconia, and 

the fracture occurs inside the resin. After this sandblasting method uses 110μm alumina carry out 

sand blasting, it shows the most ideal adhesive effect [7]. 

Research indicates that group D is the group with the highest shear strength among the five treatments, 

which is significantly higher than the two groups AB, and its difference has statistical significance. 

MDP (10-methacryloyloxydecane dihydrogen phosphate) treatment agent used in group D is a metal 

treatment agent. Its molecular end is the acid monomer phosphate group, which can form the chemical 

bond on the surface of zirconia ceramic, wets the surface of zirconia ceramics and enhances surface 

energy. The permeability and mechanical embedding force of the resin adhesive can be improved 

more effectively on the surface of rough zirconia after sandblasting, so as to obtain stronger adhesion. 

The two ends of the 10-MDP molecule are the ethylenic functional group and the phosphate 

functional group, respectively, the ethylenic bond can carry out addition polymerization with the 

unsaturated carbon chain in the resin adhesive, the phosphate group forms a Zr-O-P chemical bond 
with the chemically inert zirconia surface [8] therefore, the fracture of the chemical bond formed by 

this chemical reaction requires higher energy by anti-shear experiment. Under the observation of 

SEM, the residual resin tags similar to group C can well prove this point. 
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5. Conclusion 

During the use of Single Bond Universal adhesive agents, the clinical operation steps can be 

simplified by sandblasting , which can obtain the ideal adhesive effect as well. If the composite resin 

on the restoration is poor in retention, 10-methacryloyloxydecane dihydrogen phosphate (10-MDP) 

can be used for treatment after sandblasting clinically, at this tim, the adhesive effect is the best. 
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