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 To investigate the effect of silica abrasion, hot silica abrasion, e-max 

particles abrasion, and alumina abrasion on shear bond strength of resin 

cement to three different types of zirconia (Opaque, High translucency, 

and Ultra translucency). The study was divided into 3 groups according to 

zirconia type (n=60) Opaque zirconia (O), High translucent zirconia (H), 

and Ultra translucent zirconia (U). Each group was further divided into 6 

subgroups according to surface treatment used (n=10): Silica Particle 

Abrasion (S), e.max Particle Abrasion (E), Pre-sintering e.max Particle 

Abrasion (PE), Pre-sintering Silica Particle Abrasion (PS), Hot silica 

particle Abrasion (H), and Alumina Particle Abrasion (A). Composite 

cylinder shaped 1cm length, 5 mm in diameter were fabricated to house 

resin composite discoid, the composite cylinder was cemented centrally to 

the zirconia cubes with light cure under 5kg weight for 6 mins. The shear 

bond strength of the specimens was measured utilizing a universal testing 

machine at a crosshead speed of 0.5 mm/min. Failure loads were recorded 

in Newton. SBS was calculated according to the following equation: SBS 

(MPa) = load (N)/area (mm2) through one-way ANOVA. Highest SBS 

values were that of Alumina Particle abrasion (A) subgroups of (15 ∓2.1, 

14.2 ∓2.5 and 13∓2.3) min Ultra-translucency, Opaque and High-

translucency respectively. While the lowest was the Silica Particle 

abrasion (S) subgroup of (2.5∓0.6, 2.5∓0.6, and 2.7∓0.9) min Opaque, 

High- translucency, and Ultra-translucency respectively. Alumina Particle 

abrasion (A) with prime showed higher SBS values than other abrasion 

surface treatments. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

In recent years esthetic dentistry attracts considerable attention in the world, as well as in the arab 

homeland. The dentist's mission is to preserve dental health and maintain its function. As well as, patients 

are now expecting a functional and esthetic approach, in conjunction with developing a social life. Many 

scientific developments have emerged from necessities. New materials have changed both the dentist's and 

the patient's point of view. New techniques combined with recent materials provided better and new 
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alternatives for conventional dental treatments. Nevertheless, new materials and technical applications 

necessitate excessively delicate studies.  

 

Bonding is an essential clinical step in restorative dentistry. Successful bonding requires attention to two 

components: the tooth surface and restoration. Bonding between enamel or dentin, and composite resin 

have reached the level of reliable consistent results. Also, bonding to silica-containing ceramics has shown 

relatively reliable results by simply applying hydrofluoric acid to the surface, followed by silane. However, 

bonding to zirconia is still in the grey area. Despite all zirconia recent developments solving esthetics and 

translucency added to its former mechanical properties, bonding to resin is still not fully trusted. That is 

why zirconia veneers are still treated with fear of debonding and they are not recommended routinely. 

Zirconia seems to be the new working mission of our century substituting its predecessor porcelain-fused-

to-metal and excelling in being not only a core material but also a monolith esthetic full-contour material. 

Zirconia has earned its place in dentistry due to its biocompatibility, durability, high compressive strength, 

and esthetic qualities. Moreover, monolithic zirconia has gained popularity with their conservative minimal 

tooth preparation requirements, especially in the posterior region, and increasingly with the innovative high 

translucent zirconia and more recently ultra and super translucency zirconia. 

 

Many studies have tried to solve the zirconia/resin bonding problem. Some recommended the use of 

treating zirconia surface with a strong acid [16] which yielded better shear bonding results than when 

alumina particle abraded. Others recommended use of 10% hydrofluoric acid etching plus non-thermal 

plasma, use of new systems- Zircos E etching- [7] or fusion sputtering [21]. The problem with these 

recommended methods is that they are complicated, not easy to perform, and may require special 

equipment. 

 

On the other hand, studies suggested the use of alumina particle abrasion [13] or alumina particle abrasion 

and bioglass [24] over Er: YAG laser Nd: YAG laser treatments. Also, according to a recent study, grinding 

followed by laser scanning could provide better shear bond strength values than sandblasting followed by 

laser scanning [1], and micro shear bond strength was improved after silica-coating surface treatment after 

sintering. 

 

The basic objective of further developing zirconia materials was to increase their translucency to use them 

in specific indications for the fabrication of monolithic restorations. To achieve greater translucency, 

different strategies were used for the modification of the material composition [8]. A lot of conflicting 

reports are present till now. There is no bench-mark in zirconia bonding like that present in the glass 

containing ceramics. That is what urged authors to lay down the current study. The null hypothesis of the 

study was that there would be no significant difference between tested groups (silica abrasion, hot Silica 

abrasion, e.max particle abrasion, and alumina particle abrasion). 

 

2. Materials and methods 

This investigation is an experimental comparative in vitro study. This study was carried out in the Iraq / 

University of Technology and private dental lab. The study was divided into 3 groups according to zirconia 

type (n=60): Opaque zirconia (O), High translucent zirconia (H), and Ultra translucent zirconia (U). Each 

group was further subdivided into 6 subgroups according to surface treatment used (n=10): Silica Particle 

Abrasion (S), e.max Particle Abrasion (E), Pre-sintering e.max Particle Abrasion (PE), Pre-sintering Silica 

Particle Abrasion (PS), Hot Silica particle Abrasion (H), and Alumina Particle Abrasion (A). as presented in 

(Table 1). 

 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 44, Issue 05, October, 2021 

  

1795 
 

Table 1: Specimen Grouping 

 
Type of Zirconia 

 
Group 

 
Types of Surface Treatment 

 
Sub groups 

 
No 

 

 
 

 

 
Opaque 

 

 
 

 

 
O 

Silica Particle Abrasion OS 10 

e.max Particle Abrasion OE 10 

Pre-sintering Silica Particle Abrasion OSP 10 

Pre-sintering e.max Particle Abrasion OEP 10 

Hot Particle Abrasion OH 10 

Alumina Particle Abrasion OA 10 

 

 

 

 

 
High Translucency 

 

 

 

 

 
H 

Silica Particle Abrasion HS 10 

e.max Particle Abrasion HE 10 

Pre-sintering Silica Particle Abrasion HSP 10 

Pre-sintering e.max Particle Abrasion HEP 10 

Hot Particle Abrasion HH 10 

Alumina Particle Abrasion OA 10 

 
 

 

 

 
Ultra-Translucency 

 
 

 

 

 
U 

Silica Particle Abrasion US 10 

e.max Particle Abrasion UE 10 

Pre-sintering Silica Particle Abrasion USP 10 

Pre-sintering e.max Particle Abrasion UEP 10 

Hot Particle Abrasion UH 10 

Alumina Particle Abrasion UA 10 

 
Total 180 

 

2.1 Specimen’s Preparation 

A 3D cuboid of 1x1 cm and thickness of 4 mm was created using AUTOCAD software. [7] Standard 

triangulation language (STL) file was exported to a milling machine to mill 60 cuboids of the same 

dimensions from each zirconia type (Fig 1). After milling, each cuboid was cleaned using jets of air, placed 

in the ultrasonic solution for 1 min, and left to dry (Fig 2). One hundred and twenty cuboids (40 from each 

group) were sintered exactly following manufacturer directions [4] and girted by alumina oxide paper (800-

1000-1200), (Fig 3). With repeated cleaning by ultrasonic, then randomly assigned to four sintered-zirconia 

subgroups. The remaining (60 cuboids) were assigned to the remaining two unsintered-zirconia subgroups. 
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Fig 1: Zirconia Sample 

 

 

Fig 2: Ultrasonic Cleaner Fig 3: Alumina Oxide Paper with 
Water Flow 

 

2.2 Fabrication of Composite Blocks 

A custom-made Teflon mold was fabricated. Cylinder-shaped 1cm length, 5mm in diameter used to house 

resin composite discoid. A Mylar strip was placed on the top surface of the mold to ensure a smooth flat 

surface (Fig 4.a). Discoid were cured 15 secs from both sides using LED-light-curing(1000mW/cm2) [27]. 

 

 

Fig 4. a: Teflon mold, b: Composite Cylinders 

 

2.3 Fabrication of E.max Abrasion Particles 

E.max blocks were ground using a lab industrial mill, then by ball mill machine, and sieved using analysette 

3 spartan from FRITSCH to obtain an exact particle size of 50µ. (Fig 5.a, b,c). 

 

A B 
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Fig 5. A: Lab Industry Machine, B: Ball Mill Machine, c: Sieving 

 

2.4 Fabrication of Silica Abrasion Particles 

Sand from Akashat, (An Iraqi city located in the west of Iraq) was ground and sieved to obtain an exact 

particle size of 50µ. as e.max particles fabrication. 

 

2.5 Fabrication of Heated-Silica Air Particle Abrasion Unit 

Conventional air particle abrasion unit (APA) was modified by change container and hose pipe with 

stainless steel type, heater and thermostat were added to silica container to be able to contain and use heated 

silica without affecting the efficiency of device or blasting pressure, as shown in (Fig 6). 

 

 
Fig 6: Hot Sandblasting 

 

2.6 Surface Treatment and Cementation 

For subgroups OA, HA and UA, sintered zirconia cuboids were air particle abraded using 50µm alumina 

oxide (AL2 O3) of 10 mm distance for 10 sec at 2.5 bars of pressure, as shown in Fig (7). Specimens were 

placed in an ultrasonic cleaner for 1 min. After drying, zirconia prime was applied on the abraded surface 

for 60 sec and air-dried for 20 sec. as shown in (Fig8). [28]. 
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Fig 7: Air Practical's Abrasion 

 

 
Fig 8: Zirconia Prime Application 

 

For subgroups OS, HS, and the US, sintered zirconia cuboids were air particle abraded using 50µm silica of 

10 mm distance for 10 sec at 2.5 bars of pressure. Specimens were placed in an ultrasonic cleaner for 1 min. 

After drying, 10% hydrofluoric acid was applied for 90 sec, as shown in (Fig 9.A). Then washed by jets of 

water spray and dried by jets of air. Specimens were placed in ultrasonic cleaner containing alcohol for 1 

min. Silane coupling agent was applied to the etched surface for 60 sec and air-dried for 20 sec, as shown in 

(Fig 9.B), [3]. 

 

 
Fig 9. A: Hydrofluoric acid Application, B: Silane Application 

 

For subgroups OE, HE, and UE, sintered zirconia cuboids were air particle abraded using 50µm ground 

e.max particles of 10 mm distance for 10 sec at 2.5 bars of pressure. Specimens were placed in an ultrasonic 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 44, Issue 05, October, 2021 

  

1799 
 

cleaner for 1 min. After drying, 5% hydrofluoric acid was applied for 20 secs, then washed by jets of water 

spray and dried by jets of air. Specimens were placed in ultrasonic cleaner containing alcohol for 1 min. 

Silane coupling agent was applied to the etched surface for 60 sec and air-dried for 20 sec [26]. 

 

For subgroups OH, HH, and UH, sintered zirconia cuboids were air particle abraded using 50µm 400℃ 

heated-sand particles of 10 mm distance for 10 sec at 2.5 bars of pressure. After drying, 10% hydrofluoric 

acid was applied for 90 secs, then washed by jets of water spray and dried by jets of air. Specimens were 

placed in ultrasonic cleaner containing alcohol for 1 min. Silane coupling agent was applied to the etched 

surface for 60 sec and air-dried for 20 sec [3]. 

 

For subgroups OEP, HEP, and UEP, unsintered zirconia cuboids were air particle abraded using 50µm 

e.max particles of 25 mm distance for 10 sec at 1.5 bars of pressure. Specimens were placed in an ultrasonic 

cleaner for 1 min. After drying, they were sintered exactly according to the manufacturer's 

recommendations. Silane coupling agent was applied to the surface for 60 sec and air-dried for 20 sec. 

 

For subgroups OSP, HSP and USP, unsintered zirconia cuboids were air particle abraded using 50µm sand 

particles of 25 mm distance for 10 sec at 1.5 bars of pressure. Specimens were placed in an ultrasonic 

cleaner for 1 min. After drying, they were sintered exactly according to the manufacturer's 

recommendations. Silane coupling agent was applied to the surface for 60 sec and air-dried for 20 sec. 

 

2.7 Specimen’s Cementation 

All zirconia cuboids were fixed in an acrylic resin base. As shown in (Fig10). 

 

 
Fig 10: zirconia cuboids were fixed in an acrylic resin base 

 

Self-adhesive resin cement was auto-mixed and applied to the treated surface of each zirconia cuboid, 

composite resin discoid were placed and centered over the cuboids using a cementing jig. A 5kg constant 

weight was applied to each specimen for 5 min (Fig11). Excess cement was wiped out using a micro brush. 

Flash curing was done for 1-2 sec then the excess was removed using a scaler. Curing was performed for 10 

sec from both sides. All specimens were stored in distilled water for 24 hr [23]. 
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Fig 11: Zirconia and Composite Cylinder Cementation 

 

2.8 Shear Bond Strength 

Each specimen was placed in a custom-made attachment unit in the universal testing machine (model 

WDW-50, LARYEE Com, China) at a crosshead speed of 0.5mm/min, as shown in (Fig 12). The failure 

load of each specimen was recorded in Newton. The SBS was calculated as follows: SBS (MPa) = load (N)/ 

area (mm2). 

 

 
Fig 12: Universal Testing Machine 

 

2.9 Statistical Analysis 

Statistical analysis was performed with SPSS (statistical package for the social sciences) v.25 (IBM, New 

York, NY). Statistical significance level was established at p < 0.05. 

 

Descriptive statistics (mean, sd., 95% CL) were calculated for SBS. 

A two-way ANOVA was conducted to examine the effects of zirconia type and surface treatment method 

on SBS. 
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One-way ANOVA tests with Tuckey post-hoc tests were used to study the simple main effect of both 

zirconia type and surface treatment on SBS. 

 

3. Results 

 

3.1 Normality of Data Distribution 

Shapiro-Wilk test revealed normal distribution among data (p > 0.05). 

 

Table (4) Shapiro-Wilk test data 

Zirconia type 
Surface 

treatment 
Statistic df Sig. 

 
 

 

 
Opaque 

S 0.944 10 0.598 

H 0.913 10 0.303 

E 0.899 10 0.211 

A 0.876 10 0.118 

EP 0.891 10 0.176 

SP 0.956 10 0.735 

 

 

 

High 

Translucency 

S 0.871 10 0.104 

H 0.964 10 0.835 

E 0.956 10 0.737 

A 0.862 10 0.081 

EP 0.950 10 0.665 

SP 0.956 10 0.744 

 

 

 

Ultra- 

Translucency 

S 0.857 10 0.071 

H 0.950 10 0.670 

E 0.862 10 0.081 

A 0.944 10 0.601 

EP 0.919 10 0.351 

SP 0.912 10 0.295 

 

3.2 Effect of zirconia type and surface treatment method on SBS 

Descriptive statistics for SBS values in zirconia groups showed: Highest values of Alumina Particle 

abrasion (A) subgroups of (15 ∓2.1, 14.2 ∓2.5 and 13∓2.3) in Ultra- translucency, Opaque and High-

translucency respectively. While the lowest was the Silica Particle abrasion (S) subgroup (2.5∓0.6, 

2.5∓0.6, and 2.7∓0.9) in Opaque, High-translucency, and Ultra-translucency respectively as shown in 

(table 5) and graph (1). 

 

Table (5) Descriptive statistics of SBS values in zirconia groups based on surface treatment method 

Zirconia Surface 
 Standard 

Minimu Maximu 
95% CL for Mean 



A. I. Alaraji, H. Ragab and M. Rayyan, 2021                                                               Teikyo Medical Journal 

 

1802 
 

type treatment Mean Deviatio 

n 

m m Lower Upper 

 

 

 

 
Opaque 

S 2.5 0.6 1.3 3.3 2.1 2.9 

H 7.8 1.0 5.6 8.9 7.1 8.6 

E 5.0 1.1 3.6 6.4 4.3 5.8 

A 14.2 2.5 11.5 18.6 12.4 16.0 

EP 2.6 0.4 1.8 3.1 2.4 2.9 

SP 6.0 0.3 5.5 6.6 5.8 6.2 

 
 

 
High 

Translucenc 

y 

S 2.5 0.6 1.8 3.8 2.0 2.9 

H 4.0 0.5 3.3 4.8 3.7 4.3 

E 4.0 1.3 1.8 6.6 3.1 5.0 

A 13.0 2.3 9.2 15.3 11.4 14.7 

EP 2.8 0.5 2.0 3.6 2.4 3.1 

SP 5.4 0.7 4.6 6.6 4.9 5.9 

 

 

 
Ultra- 

Translucenc 

y 

S 2.7 0.9 1.8 4.8 2.0 3.3 

H 2.5 0.7 1.5 3.6 2.0 3.0 

E 3.2 0.8 1.3 4.1 2.6 3.7 

A 15.0 2.1 10.7 18.1 13.5 16.5 

EP 3.5 0.4 3.0 4.1 3.2 3.7 

SP 4.3 0.4 3.6 4.8 4.0 4.6 

 

 
Graph (1) Mean of SBS values in zirconia groups based on surface treatment method 

 

3.3 Two-Way Interaction 

 A two-way ANOVA was conducted to examine the effects of zirconia type and surface treatment method 

on SBS. There was a statistically significant interaction between zirconia type and surface treatment method 
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on SBS, p < 0.0005 (Table 6) 

 

Table (6) Two-way ANOVA test to determine the effects of zirconia type and surface treatment on shear 

bond strength 

Source 
Type III Sum of 

Squares 
Mean Square F p 

Zirconia 52.113 26.056 19.421 0.000 

Surface treatment 2742.304 548.461 408.783 0.000 

Zirconia * Surface treatment 156.429 15.643 11.659 0.000 

 

3.4 Simple Main Effect of Zirconia Type 

The analysis of the simple main effect of zirconia type was performed with statistical significance receiving 

a Bonferroni adjustment and being accepted at the p < .017 level. 

 

There were statistically significant differences in SBS values between zirconia groups when the surface 

treatment method was H (p < 0.005), E (p = 0.002), A (p = 0.001), and SP (p = 0.005). While there was no 

statistically significant simple main effect of zirconia type when the surface treatment was S (p = 0.920), 

and EP (p = 0.203). (Table 7,8) 

 

Table (7) SBS mean(sd.) in zirconia type groups based on surface treatment with the simple main effect of 

zirconia type. (Data is mean ± standard deviation unless otherwise stated). 

 
Surface treatment 

 
Opaque 

High 

Translucenc 

y 

Ultra- 

Translucenc 

y 

 
Sig. 

S 2.5 (0.6) 2.5 (0.6) 2.7 (0.9) 0.920 

H 7.8 (1) 4 (0.5) 2.5 (0.7) 0.000 

E 5 (1.1) 4 (1.3) 3.2 (0.8) 0.002 

A 14.2 (2.5) 13 (2.3) 15 (2.1) 0.001 

EP 2.6 (0.4) 2.8 (0.5) 3.5 (0.4) 0.203 

SP 6 (0.3) 5.4 (0.7) 4.3 (0.4) 0.005 

 

5.4.1 : In groups with the H surface treatment method, SBS increased from ultra translucency zirconia 2.5 

± 0.7 MPa to high translucency zirconia 4 ± 0.5 MPa to opaque zirconia 7.8 ± 1 MPa. SBS in Opaque 

zirconia was statistically significantly higher than both high translucency zirconia by 3.8 MPa (p < 0.0005) 

and ultra translucency zirconia by 5.3 MPa (p < 0.0005), also, SBS in high translucency zirconia was 

statistically significantly higher than ultra-translucency zirconia by 1.5 MPa (p = 0.011). 

5.4.2 : In groups with E surface treatment method, SBS increased from ultra translucency zirconia 3.2 ± 

0.8 MPa to high translucency zirconia 4 ± 1.3 MPa to opaque zirconia 5 ± 1.1 MPa. SBS in Opaque 

zirconia was statistically significantly higher than ultra translucency zirconia by 1.9 MPa (p = 0.001), no 

other statistically significant difference was found. 

5.4.3 : In groups with A surface treatment method, SBS increased from high translucency zirconia 13 ± 

2.3 MPa to opaque zirconia 14.2 ± 2.5 MPa to ultra translucency zirconia 15 ± 2.1 MPa. SBS in ultra 

translucency zirconia was statistically significantly higher than high translucency zirconia by 2 MPa (p = 
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0.001), no other statistically significant difference was found. 

5.4.4 : In groups with SP surface treatment method, SBS increased from ultra translucency zirconia 4.3 ± 

0.4 MPa to high translucency zirconia 5.4 ± 0.7 MPa to opaque zirconia 6 ± 0.3 MPa. SBS in Opaque 

zirconia was statistically significantly higher than ultra translucency zirconia by 1.7 MPa (p = 0.004), no 

other statistically significant difference was found. 

 

Table (8) Pairwise comparisons of SBS values between zirconia groups based on surface treatment method 

Surface 

treatment 

 
Zirconia type 

Mean 

Difference 

 
p 

95% CL for Difference 

Lower Upper 

 
 

H 

 
O 

H 3.8 0.000 2.6 5.1 

U 5.3 0.000 4.1 6.6 

H U 1.5 0.011 0.3 2.8 

 
 

E 

 
O 

H 1.0 0.171 -0.3 2.2 

U 1.9 0.001 0.6 3.1 

H U 0.9 0.290 -0.4 2.1 

 
 

A 

 
O 

H 1.2 0.058 0.0 2.5 

U -0.8 0.427 -2.0 0.5 

H U -2.0 0.001 -3.2 -0.7 

 
 

SP 

 
O 

H 0.6 0.805 -0.7 1.8 

U 1.7 0.004 0.4 2.9 

H U 1.1 0.096 -0.1 2.4 

 

3.5 Simple Main Effect of Surface Treatment Method 

The analysis of the simple main effect of the surface treatment method was performed with statistical 

significance receiving a Bonferroni adjustment and being accepted at the p < .008 level. There were 

statistically significant differences in SBS values between surface treatment methods with all zirconia types 

(p < 0.005). (Table 9, 10) 

 

Table (9) SBS mean(sd.) in surface treatment groups based on zirconia type with the simple main effect of 

surface treatment method 

Zirconia S H E A EP SP Sig. 

Opaque 2.5 (0.6) 7.8 (1) 5 (1.1) 14.2 (2.5) 2.6 (0.4) 6 (0.3) 0.000 

High Translucency 2.5 (0.6) 4 (0.5) 4 (1.3) 13 (2.3) 2.8 (0.5) 5.4 (0.7) 0.000 

Ultra Translucency 2.7 (0.9) 2.5 (0.7) 3.2 (0.8) 15 (2.1) 3.5 (0.4) 4.3 (0.4) 0.000 

 

Data is mean ± standard deviation unless otherwise stated. 

 

In Opaque zirconia groups, SBS based on surface treatment increased from S 2.5 ± 0.6 MPa to EP 2.6 ± 0.4 
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MPa to E 5 ± 1.1 MPa to SP 6 ± 0.3 MPa to H 7.8 ± 1 MPa to A 14.2 ± 2.5 MPa. SBS in A was statistically 

significantly higher than all of S by 11.7 MPa, H by 6.4 MPa, E by 9.2 MPa, EP by 11.6 MPa, and SP by 

8.2 MPa (p < 0.0005). 

 

SBS in H was statistically significantly higher than all of S by 5.3 MPa, E by 2.8 MPa, EP by 5.2 MPa (p < 

0.0005). SBS in SP was statistically significantly higher than both S by 3.5 MPa, and EP by 3.4 MPa (p < 

0.0005). Also, SBS in E was statistically significantly higher than both S by 2.5 MPa, and EP by 2.4 MPa (p 

< 0.0005). However, no statistically significant difference was found between S and EP (p = 1.000), SP and 

H (p = 0.009), and SP and E (p = 0.893). 

 

In High translucency zirconia groups, SBS based on surface treatment increased from S 2.5 ± 0.6 MPa to 

EP 2.8 ± 0.5 MPa to H 4 ± 0.5 MPa and E 4 ± 1.3 MPa to SP 5.4 ± 0.7 MPa to A 13 ± 2.3 MPa. SBS in A 

was statistically significantly higher than all of S by 10.5 MPa, H by 9 MPa, E by 9 MPa, EP by 10.3 MPa, 

and SP by 7.6 MPa (p < 0.0005). Also, SBS in SP was statistically significantly higher than both S by 3 

MPa, and EP by 2.7 MPa (p < 0.0005). No other statistically significant difference was found between 

groups. 

 

In Ultra translucency zirconia groups, SBS based on surface treatment increased from H 2.5 ± 0.7 MPa to S 

2.7 ± 0.9 MPa to E 3.2 ± 0.8 MPa to EP 3.5 ± 0.4 MPa to SP 4.3 ± 0.4 MPa to A 15 ± 2.1 MPa. SBS in A 

was statistically significantly higher than all of S by 12.3 MPa, H by 12.5 MPa, E by 11.8 MPa, EP by 11.5 

MPa, and SP by 10.7 MPa (p < 0.0005). No other statistically significant difference was found between 

groups. 

 

Table (10) Pairwise comparisons of SBS values between surface treatment methods based on zirconia type 

 
Mean 

Difference 

 
p 

95% CL for Difference 

Lower Upper 

 
 

 

 
 

 

 

 
 

 
 

Opaque 

 
 

 
S 

H -5.3 0.000 -6.8 -3.8 

E -2.5 0.000 -4.0 -1.0 

A -11.7 0.000 -13.3 -10.2 

EP -0.1 1.000 -1.6 1.4 

SP -3.5 0.000 -5.0 -1.9 

 
 

H 

E 2.8 0.000 1.3 4.3 

A -6.4 0.000 -8.0 -4.9 

EP 5.2 0.000 3.7 6.7 

SP 1.8 0.009 0.3 3.4 

 

E 

A -9.2 0.000 -10.8 -7.7 

EP 2.4 0.000 0.9 3.9 

SP -1.0 0.893 -2.5 0.6 

 
A 

EP 11.6 0.000 10.1 13.2 

SP 8.2 0.000 6.7 9.8 

EP SP -3.4 0.000 -4.9 -1.8 
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High 
Translucency 

 

 

 
S 

H -1.5 0.055 -3.1 0.0 

E -1.6 0.047 -3.1 0.0 

A -10.5 0.000 -12.1 -9.0 

EP -0.3 1.000 -1.8 1.3 

SP -3.0 0.000 -4.5 -1.4 

H E 0.0 1.000 -1.6 1.5 

  A -9.0 0.000 -10.6 -7.5 

EP 1.2 0.257 -0.3 2.8 

SP -1.4 0.099 -3.0 0.1 

 

E 

A -9.0 0.000 -10.5 -7.4 

EP 1.3 0.225 -0.3 2.8 

SP -1.4 0.114 -2.9 0.1 

 
A 

EP 10.3 0.000 8.7 11.8 

SP 7.6 0.000 6.0 9.1 

EP SP -2.7 0.000 -4.2 -1.1 

 

 
 

 

 
 

 

 
 

 

Ultra 

Translucency 

 

 

 
S 

H 0.2 1.000 -1.3 1.7 

E -0.5 1.000 -2.0 1.1 

A -12.3 0.000 -13.9 -10.8 

EP -0.8 1.000 -2.4 0.7 

SP -1.6 0.030 -3.2 -0.1 

 

 
H 

E -0.7 1.000 -2.2 0.9 

A -12.5 0.000 -14.1 -11.0 

EP -1.0 0.780 -2.6 0.5 

SP -1.8 0.008 -3.4 -0.3 

 

E 

A -11.8 0.000 -13.4 -10.3 

EP -0.3 1.000 -1.9 1.2 

SP -1.1 0.425 -2.7 0.4 

 
A 

EP 11.5 0.000 10.0 13.1 

SP 10.7 0.000 9.2 12.2 

EP SP -0.8 1.000 -2.4 0.7 

 

4. Discussion 

A successful esthetic and functional restoration is defined by its strength, biocompatibility, color stability, 

and adhesiveness. Zirconia is widely applied in rehabilitation dentistry due to its perfect characteristics 

except for its undependable adhesiveness because of its difficult surface treatment. Many studies were 

carried out to evaluate the best surface treatment protocol. This study is one of this literature. In this study, 

CAD/CAM technology was used to fabricate zirconia cuboids, due to its accuracy, precision, reproduction, 
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and human error-free. Natural teeth are usually considered as the best option to stimulate clinically the 

condition when testing SBS to zirconia. Nevertheless, the main problem in natural teeth is that each tooth 

has its history regarding the patient’s age, date of extraction, degree of calcification, or even the amount of 

moisture content; all may adversely affect bonding results. previous studies recommended standardize the 

materials used, to secure the integrity of results. Consequently, in the current study, composite cuboids were 

used to be bonded to zirconia as an alternative to natural teeth. Moreover composite resin, has nearly the 

same modulus of elasticity as dentin.  

 

The Shear Bond Strength test is the most commonly used for the evaluation of the resin bond strength of 

zirconia [6] Depending on the role of silica in adhesion, the Sand used was collected from Akashat, (An 

Iraqi city located in the west of Iraq, this region is one of the areas rich in phosphates and other minerals 

such as quartzite, dolomite, glass sands, and heavy sands, also which is characterized by the presence of 

many important minerals as zircon, tourmaline, monazite, and borosilicate (Wikipedia. Org). Also, we used 

e.max particle size of (50µ) which is rich in silica. 

 

Air particle abrasion surface treatment creates micro-irregularities on sintered zirconia, which improves 

SBS. In this study, laboratory jig was used Al2O3 (50 μm) in 2.5 bar for 10 sec and 10 mm distance 

between the hose tip and zirconia surface, showed highest SBS. With these parameters, similar results were 

found in previous studies by [25], that evaluated the effect of sandblasting, carbon dioxide (CO2), and 

erbium, chromium:yttrium-scandium-gallium-garnet (Er, Cr: YSGG) lasers on the micro shear bond 

strength of zirconia to resin cement and concluded that air abrasion showed the highest micro shear bond 

strength. [19] studied surface treatment with aluminum oxide (Al2O3) air abrasion, carbon dioxide (CO2) 

laser irradiation, erbium-doped yttrium aluminum garnet (Er: YAG) laser irradiation, and control samples 

(no surface treatment), and they found that aluminum oxide (Al2O3) air abrasion showed the highest SBS. 

[24] studied surface treatment in four Groups: no surface treatment (control), subjected to sandblasting with 

50-μm aluminum oxide particles, coated with bioglass, and last group received bioglass coating and laser 

irradiation, also they concluded that surface treatment with sandblasting (50-μm aluminum oxide) showed 

the highest BSB. 

 

In the current study, results showed that primer coating after surface treatment, increases SBS and similar 

results were found in previous studies by [28] when they studied seven groups of zirconia specimens, They 

concluded that Airborne-particle abrasion followed by the application of a zirconia primer produced the 

highest bond strength to the enamel. On the other side, silica and e.max particle abrasion for unsintered 

zirconia showed lowest SBS, and similar results were found in previous studies, they found that groups 

treated after sintering achieved statistically higher micro shear bonds than before sintering groups. Surface 

treatment with e.max particles abrasion for sintered zirconia also showed low SBS and that different results 

were found in a previous study by [26], they found that airborne abrasion with fine feldspathic ceramic 

particles improved the bond strength between zirconia and resin cement. The difference between this study 

and the current study is using hydrofluoric acid after treatment. Then, the inconsistency of results may be 

because of the hydrofluoric acid effect. That means the glass used contains particles that increase SBS by 

glass layer formed on zirconia, not by micro irregularities. Therefore, hydrofluoric acid application and 

solved glass particles showed low SBS versus high SBS without application of acid. The Same explanation 

can be applied for surface treatment with silica and hot silica. [29] supported this finding, they found that 

covering the zirconia surface with non-invasive nano-silica and nanoaluminosilicate using the sol-gel 

technique leads to improved cement bond strength. 

 

Regarding the effect of zirconia translucency on shear bond strength. With a limitation of surface treatment 
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methods in the study, there is no significant difference between the zirconia types SBS. And a similar result 

found in a previous study by [5] where they evaluated the bonding ability of self-adhesive and dual- cure 

resin cement systems applied to three different zirconia materials medium opacity, medium translucency, 

and translucent. They found that different zirconia translucencies did not affect the bond strength. 

Additionally, evaluated the adhesive behavior of conventional and high-translucent zirconia showed that 

Results: lower values of bond strength were obtained for high-translucent zirconia groups when compared 

to their conventional zirconia. 

 

The present study was divided into 3 groups according to zirconia type (n=60): Opaque zirconia (O), high 

transparent zirconia (H), and ultra-transparent zirconia(U). Then divided into 6 subgroups (N = 10) 

according to surface treatment methods: Silica Particle Abrasion(S), e.max Particle Abrasion(E), Pre-

sintering silica Particle Abrasion(PS), Pre-sintering e.max Particle Abrasion(PE), Hot Particle Abrasion(H), 

and Alumina Particle Abrasion(A). Using CADCAM 10x10x4, zirconia cuboids were constructed, cleaned, 

and sintered. A composite cylinder having dimensions of 5mm in diameter and 10mm length was also 

constructed using a custom-made Teflon mold. Zirconia prime was applied for (A) groups, Hydrofluoric 

acid, and saline for other groups, then cementation using dual-cure resin cement was done. Composite 

cylinders were cemented centrally to the zirconia cuboids with a light cure underweight of 5kg. 

 

The shear bond strength of the specimens was measured utilizing a universal testing machine at a crosshead 

speed of 0.5 mm/min. The failure load was recorded in Newton. The SBS was calculated as follows: SBS 

(MPa) = load (N)/area(mm2). 

 

Results showed the highest values of Alumina Particle abrasion (A) subgroups of (15 ∓2.1, 14.2 ∓2.5, and 

13∓2.3) Ultra-translucency, Opaque, and High-translucency, respectively. While the lowest was for the 

Silica Particle abrasion (S) subgroup of (2.5∓0.6, 2.5∓0.6, and 2.7∓0.9) in Opaque, High-translucency, and 

Ultra-translucency, respectively. 

 

5. Conclusions 

Within the limitations of the present in-vitro study, the following could be concluded: 

1. Air abrasion with 50mm aluminum oxide with zirconia prime showed the highest SBS. 

2. Blasting sintered zirconia with e.max particles and silica particles improve SBS as promising 

alternative line for zirconia treatment. 

3. Blasting un sintered zirconia with e.max particles or silica particles did not improve SBS compared 

with the control group 

 

6. Recommendations 

Further studies are recommended: 

1. Using electron microscopy or profilometer to explore changes in the surface texture of zirconia. 

2. Measuring surface roughness of zirconia surface. 
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