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Influence of Different Surface Conditioning Methods on Adhesion of 

Resin Cement to Zirconia

 

Tuba Yılmaz Savaş, Abdulhaluk Savaş 

 

Abstract 

 

Statement of the problem: The challenge of enhancing the bond 

between zirconia and resin remains, and the efforts continue to determine a 

simple method for achieving a durable bond. 

 

Objective: This study aimed to evaluate the effect of different surface 

conditioning strategies on the bond strength between zirconia and resin cement. 

 

Materials & Methods: Forty zirconia specimens (Lava Plus) were fabri-

cated and divided into four groups: control (no surface treatment), primer app-

lication (Z-Prime Plus), experimental acid (H2O:HF:H2O2) application, and the 

combination of the acid and primer application (n=10). A dual-cure resin ce-

ment (RelyX Ultimate) was applied over the zirconia specimens. Shear bond 

strength tests were conducted using a universal testing machine with a cross-

head speed of 1 mm/min. The results were analyzed using one-way ANOVA 

followed by Tukey's post hoc test within the 95% confidence interval. 

 

Results: The results of the one-way ANOVA showed that acid applica-

tion alone (22.99 ± 2.49 MPa) and acid and primer application (25.24 ± 3.19 MPa) 

had significantly higher bond strength than the primer (18.87 ± 3.13 MPa) and 

control (14.91 ± 3.72 MPa) groups (P<0.05). However, there was no significant 

difference between the acid group and acid and primer combination group 

(P=0.396). The control group had the lowest bond strength in all test groups 

(P<0.05). 

 

Conclusions: Experimental acid treatment alone or in combination with 

primer application could be effective in improving the bond strength. 

 

 

 

Keywords: Acid Treatment, Hydrogen Peroxide, Hydrofluoric Acid, 
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Introduction 

Zirconia is a popular dental material used for the fabrication of crowns, bridges, and 

hybrid prostheses due to its high mechanical properties, esthetic appearance, and  biocompati-

bility.1 However, zirconia's inherent hydrophobicity and chemical inertness can limit its adhe-

sion to resin-based cements, which can compromise the survival and success of the restoration.2 

Therefore, various surface treatments have been developed to enhance the bonding between 

zirconia and resin cement, including mechanical and chemical methods such as sandblasting, 

tribochemical silica coating, silane coupling agents, primer application, laser treatment, and 

acid etching.3-6  

Among these surface treatments, sandblasting with alumina or zirconia particles has 

been widely utilized to increase the surface roughness and promote micromechanical retention 

for the resin cement.7 Sandblasting can also induce a phase transformation in the zirconia sur-

face layer, converting the tetragonal phase to the monoclinic phase, which can improve the 

bonding strength.  

However, excessive sandblasting can cause surface damage and compromise the mec-

hanical characteristics of zirconia, ultimately resulting in decreased durability of the restora-

tion.8  

In addition to sandblasting, the use of primers has gained significant attention due to 

their ability to increase the surface energy of zirconia and provide micromechanical retention 

for the resin cement.9 These primers typically contain functional monomers, such as 10-met-

hacryloyloxydecyl dihydrogen phosphate (10-MDP) or 4-methacryloxyethyl trimellitic acid (4-

META), which possess phosphate or carboxylic acid groups capable of forming chemical bonds 

with zirconia surfaces. Through the application of zirconia primers, a chemical interaction is 

established between the functional monomers and zirconia, facilitating the adhesion of resin 

cements.10-12 Many studies showed that phosphate monomer containing primers significantly 

increased bond strengths between resin cements and zirconia ceramics.13-17  

Hydrofluoric acid treatment is effective method for glass-based ceramics which remo-

ves the glassy matrix and creates micro retentive surface.18,19 However, zirconia is resistant to 

conventional acid etching techniques, due its silica-free content.20,21 There were studies that 

reporting the conventional hydrofluoric (HF) acid etching did not improve the resin bond 

strength to zirconia.22-24 Therefore, using different acid mixtures, concentrations, or acid etc-

hing with heat treatment has come to the fore.21,25-30 The acid solution is designed to create a 



Acta Stomatologica Cappadocia (ASC) 2023, vol. 3, no. 1

 

 
  8 

roughened and active zirconia surface by removing the surface contaminants and inducing a 

mild chemical reaction that produces hydroxyl groups and surface defects.30 This surface mo-

dification can improve the wettability and adhesion of zirconia to resin cement, leading to inc-

reased bond strength and long-term durability. A recent study reported that the use of 20% 

hydrogen peroxide for 2 hours on the zirconia surface has increased the surface roughness and 

wettability of the zirconia.25 Many investigations have indicated that the mixture of sulfuric 

acid (H2SO) and hydrogen peroxide (H2O2), has the potential to enhance the bonding ability 

between resin cement and zirconia.31,32 Furthermore, the adoption of hot chemical etching,28 

which entails the use of different proportions of HF solutions and necessitates a heat treatment 

with an acidic solution, has exhibited encouraging results.33  

However, the optimal surface treatment protocol for zirconia bonding remains contro-

versial, and there is a lack of consensus in the literature regarding the most effective surface 

treatment approach. Therefore, the purpose of this study is to evaluate the effect of different 

surface conditioning methods, including primer, and the experimental H2O:HF:H2O2 acid app-

lication, on the bond strength between zirconia and resin cement. The null hypotheses of this in 

vitro study was the used surface conditioning methods would not have an effect on the shear 

bond strength between the resin cement and zirconia. 

Materials & Methods 

Forty zirconia discs (10 mm diameter x 2 mm thickness) were fabricated from pre-sin-

tered zirconia blocks (Lava Plus, 3M ESPE, USA). The discs were sintered according to the 

manufacturer's instructions by using a sintering furnace to achieve a final density. All discs 

were ultrasonically cleaned in distilled water for 10 minutes and air-dried before use. The zir-

conia discs were randomly divided into four groups (n = 10) according to the surface treatment 

method: 

Control group: No surface treatment was performed. 

Primer group: The zirconia surfaces was coated with Z-Prime Plus (Bisco Inc., USA) 

for 60 seconds and air-dried for 5 seconds following the recommendation of the manufacturer. 

Acid group: The zirconia surface was etched with an H2O:HF:H2O2 in ratio of 20:1:1 

(ACS Reagent, Sigma-Aldrich, UK) acid solution for 90 seconds, followed by rinsing with 

distilled water for 90 seconds and air-dried. 
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Acid + Primer Group: The zirconia surface was etched with an H2O:HF:H2O2 in ratio 

of 20:1:1 (ACS Reagent, Sigma-Aldrich, UK) acid solution for 90 seconds, followed by rinsing 

with distilled water for 90 seconds and air-dried. After acid application, the primer (Z-Prime 

Plus, Bisco Inc., USA) was applied for 60 seconds and air-dried for 5 seconds following the 

recommendation of the manufacturer. 

A cylindrical Teflon mold (2.8 mm diameter and 3 mm height) was placed at the center 

of each zirconia surface for the application of the resin cement. A dual-cure resin cement 

(RelyX Ultimate, 3M ESPE, USA) was applied by using the custom mold according to the 

manufacturer's instructions and the mold was removed after photopolymerization for 40 se-

conds. All the specimens were stored in distilled water at 37°C for 24 hours before testing. 

The shear bond strength (SBS) test was performed using a universal testing machine 

(Mares, Mares Engineering, İstanbul, Turkey) at a crosshead speed of 1 mm/minute until failure 

occurred. The maximum load required to debond the resin cement from the zirconia was recor-

ded in Newtons (N). The SBS was calculated in MPa using the formula: SBS = F/A, where F 

is the maximum load recorded, and A is the bonding area (πr²). 

After the SBS test, debonded specimen surfaces were examined in order to analyze the 

failure types using a stereomicroscope (Olympus SZ 40, Olympus, Tokyo, Japan) at x40 mag-

nification. To determine the failure mode in zirconia/cement interfaces, failure was classified 

as: Adhesive failure mode (failure between zirconia and resin cement), cohesive failure mode 

(failure within the resin cement), and mixed failure mode (combination of adhesive and cohe-

sive failure modes. 

All statistical analyses were performed using SPSS version 25.0 (IBM Corp., USA). 

Normality was checked with Shapiro-Wilk tests (P>0.05). The data were analyzed using one-

way analysis of variance (ANOVA) and Tukey's post-hoc test to compare the mean SBS values 

between the groups (α = 0.05). 

 

 

Results 

Mean SBS values and standard deviations (MPa) was shown in Figure 1.  



Acta Stomatologica Cappadocia (ASC) 2023, vol. 3, no. 1

 

 
  10 

Figure 1. Mean SBS values and standard deviations (MPa). Different letters (a, b, c) 

indicate significant differences between the groups (P<0.05). 

 

One-way ANOVA revealed significant differences in the SBS values among the test 

groups (F=20.879, df=3, P<0.001). Tukey's post-hoc test revealed that the acid group (mean 

SBS = 22.99 ± 2.49 MPa) and acid and primer group (mean SBS = 25.24 ± 3.19 MPa) showed 

significantly higher bond strength than the primer group (mean SBS = 18.87 ± 3.13 MPa) and 

control group (mean SBS = 14.91 ± 3.72 MPa). There was no significant difference in the bond 

strength between the acid and primer group and the acid group (P=0.396). Surface conditioning 

significantly improved the SBS values and the control group showed significantly lower mean 

SBS value than all tested groups (P<0.05). The primer group showed significantly lower bond 

strength than the acid group and acid and primer group (P<0.05). Failure mode types and per-

centages were presented in Figure 2. 

Figure 2. Failure type percentages (%) of the test groups. 

 

 Failure mode analyses revealed that the most of the specimens showed the mixed type 

of failure. Adhesive failures were seen only in the control group. Cohesive failures were seen 

in all the groups except the control group. 
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Discussion 

In this study, the effect of different surface treatments on the bond strength between 

zirconia and resin cement was evaluated using a shear bond strength (SBS) test. The results 

showed that the primer, acid, and acid and primer application had significantly higher bond 

strength than the control group. Therefore, the null hypotheses of this in vitro study was rejec-

ted. 

As a result of the application of containing MDP primers, phosphate monomers form 

chemical bonds with the zirconia surface.34,35 The available data support the use of primers 

containing adhesive monomers like MDP, which create long-term stable resin connections to 

zirconia.34,36 The results indicate that the bond strength exhibited by the control group was sig-

nificantly lower than that of all the groups, indicating that surface treatment is necessary to 

achieve a strong bond between zirconia and resin cement.37 The use of a primer, can help to 

improve wettability and chemical bonding by providing functional groups for chemical bonding 

with the resin cement.37 Similarly, Z-Prime Plus primer application significantly improved the 

adhesion of resin cement to zirconia in this study. 

Experimental acid used in this study demonstrated significantly higher bond strength 

than control and primer application group. This finding is consistent with prior research that 

has demonstrated that acid etching of zirconia can improve the bond strength with resin cement 

by creating a micromechanical interlocking between the cement and the zirconia sur-

face.21,27,28,30 The use of an experimental H2O:HF:H2O2 acid application in this study may have 

contributed to the improved bond strength by increasing the surface roughness and enhance the 

micromechanical interlocking between the zirconia and resin cement.21,25,28-30 It is worth noting 

that the acid and primer combination group did not show a significant improvement in bond 

strength compared to the acid group alone. This suggests that the acid treatment may have been 

sufficient to improve the bonding between the zirconia and resin cement, and that the addition 

of a primer did not provide any additional benefit in terms of bond strength. However, it is 

possible that the use of a primer could provide other benefits, such as improved marginal adap-

tation or reduced microleakage, which were not evaluated in this study. 

A recent study reported that the experimental 20% H2O2 acid application for 2 hours 

may cause a phase transformation in zirconia, leading to increased surface roughness and higher 

chemical reactivity.25 The experimental acid application duration in this study was 90 seconds 
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which was quite low compared to the aforementioned study and the phase transformation did 

not evaluated in this study. Another study used 48% HF acid soliton at 100°C for 25 minutes 

reported that HF acid significantly improved the resin bond strength without inducing a phase 

transformation.28  

The findings of this study suggest that surface treatment of zirconia is essential to achi-

eve a durable bond between the zirconia and resin cement. Acid treatment alone or in combi-

nation with primer application could be effective in improving the bond strength. These results 

are consistent with previous studies that have demonstrated the effectiveness of acid treatment 

in improving the bond strength between zirconia and resin cement.21,27,28,30 

 However, the use of an experimental H2O:HF:H2O2 acid application may require further 

evaluation in terms of its long-term clinical performance and potential side effects. Besides, in 

order to work with HF, it is imperative to have access to a workspace that is both isolated and 

well-ventilated. Although HF is not classified as a highly potent acid, its ability to penetrate 

cellular membranes and interfere with metabolic processes results in cytotoxicity.21 

It is worth noting that the current study only evaluated the bond strength after 24 hours. 

Lack of aging procedures, absence of surface roughness measurements, and phase transforma-

tion evaluations are the limitations of this study. Future studies should evaluate the long-term 

bond strength and durability of different surface treatments. Furthermore, the effect of ther-

mocycling and aging on the bond strength should also be investigated.38 

Conclusion 

Within the limitations of this in vitro study, this study demonstrated that the 

H2O:HF:H2O2 acid treatment alone or in combination with primer application could signifi-

cantly increase the bond strength of resin cement to zirconia. The use of an experimental 

H2O:HF:H2O2 acid application may have potential for enhancing the bond strength, although 

further investigation is required. 
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