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Hydrofluoric acid concentration, time 
and use of phosphoric acid on the bond 
strength of feldspathic ceramics

Abstract: The objective of this study was to evaluate the influence of 
hydrofluoric acid (HF) concentration, etching time, and application 
of phosphoric acid (PA) followed by neutralization with sodium 
bicarbonate on the bond strength between a feldspar ceramic and 
resin cement. Thus, 80 blocks (10 x 12 x 2 mm) of glass ceramic (VM - 
Vita Mark II - Vita Zahnfabrik) were made and randomly assigned to 
eight groups (n = 10) according to the factors: HF concentration (5 and 
10%), etching time (60 and 120 s), and use of phosphoric acid (PA) (with 
and without). According to the experimental group, 37% PA (Condac, 
FGM) was applied after HF etching for 60s. Afterwards, samples were 
immersed in sodium bicarbonate for 1 min then in an ultrasonic bath 
in distilled water (5 min) for cleaning. After surface bonding treatment, 
cylinders (Ø = 2 mm; h = 2 mm) of dual resin cement (AllCem / FGM) 
were made in the center of each block. The samples were then stored in 
water (37ºC) for 90 days and submitted to the shear bond test (50 KgF, 
1 mm/min). Failure analysis was performed by stereomicroscope and 
scanning electron microscopy. Data (MPa) were analyzed with 3-way 
ANOVA and Tukey’s test. Only the factor “HF concentration” was 
significant (p = 0.02). Most failures were of cohesive in ceramic (40%) 
and mixed types (42.5%). The 10% HF resulted in higher ​shear bond 
strength value than the 5% HF. Surface cleaning with phosphoric acid 
followed by sodium bicarbonate and HF time (60 or 120 seconds) did 
not influence the resin bond strength to feldspar ceramic. 

Keywords: Hydrofluoric Acid; Ceramics; Shear Strength.

Introduction

Glass-based dental ceramics have excellent aesthetic and mechanical 
properties in addition to biocompatibility and thus have broad clinical 
application for onlays, inlays,1 veneers,2 and crowns.3 Among commonly 
used ceramics for dental restorations, feldspar ceramics have a reported 
longevity of 90.4% in 10 years for onlays and inlays1 and 94.7 to 95% in 
12 years for posterior crowns.4 However, clinical problems have been 
reported, such as caries in crown margins, cervical faults, fractures, and 
restoration detachment.5

For adequate adhesion of feldspar ceramics, the surface treatment of 
these ceramics with hydrofluoric acid (HF) is a well-accepted method6,7 as 
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the acid dissolves the ceramic glass matrix, increasing 
free energy and surface porosity, and providing greater 
surface area for ​​adhesion to resinous compounds.6,7 
HF etching also exposes hydroxyl groups that are 
important for chemical bonding through coupling 
agents present in silane.8 However, HF concentration 
and etching time may influence the size and shape 
of micro-retentions, and consequently, the bond 
strength with the substrate.9,10 In addition, depending 
on acid exposure and concentration, the mechanical 
properties of ceramics may be negatively affected, 
causing decreased fatigue and flexural strength, and 
surface changes, which could increase the risk of 
fractures, especially if mechanical imbrication with 
the resin cement is incomplete.11,12

Venturine et al.13 evaluated the effect of different 
HF concentrations on the durability of the bond 
strength to feldspar ceramic and found that etching 
with 3, 5, and 10% HF promoted stable adhesion to 
resin compounds after aging. Moreover, Naves et al.6 
evaluated the effect of different acid etching times 
(10, 20, 40, 60 and 120 seconds) with 10% HF on the 
adhesion of ceramic, observing that bond strength 
decreased with increasing etching time. The acid 
etching causes the precipitation of silica and fluoride 
salts,14 which can be trapped in the micro retentions, 
affecting the bond strength. This seems to be a great 
problem of acid treatments and the use of agents 
to remove these residues have been suggested;15,16 
however, other authors have reported that the 
presence of residues do not significantly reduce the 
resin bond strength.17,18 

To overcome these limitations and optimize 
adhesion between feldspar ceramics and resin cements, 
cleaning procedures (application of 37% phosphoric 
acid/PA,18 air/water spray,18 ultrasonic bath,19 and 
basic salt neutralizing agents (Neutralizing Powderâ/
Ivoclar),20 or their combination after HF treatment 
has been investigated. However, some authors also 
highlight the toxicity of HF as a reason for using 
neutralizing agents, but these products may decrease 
the resin bond strength to ceramics.19,20 

Therefore, considering that 37% PA, air-water spray, 
ultrasonic bath and sodium bicarbonate solution are 
the techniques most commonly used by dentists, the 
present study aimed to evaluate the influence of HF 

concentration, etching time, and 37% PA application 
followed by neutralization with sodium bicarbonate 
on the bond strength between a feldspathic ceramic 
and a resin cement. The hypotheses tested were: 
a) higher HF concentration leads to higher bond 
strength, b) longer etching time promotes higher 
bond strength, and c) PA application followed by 
neutralization with sodium bicarbonate improves 
the bond strength. 

Methodology

Product name, composition, manufacturers, and 
batch number of the materials used in this study are 
presented in Table 1.

Ceramic blocks fabrication
Ceramic blocks (10 x 12 x 15 mm, Vita Mark II Vita 

Zahnfabrik, Säckingen, Germany) were sectioned 
with a double-sided diamond disc (Microdont; São 
Paulo, Brazil, No. 34.570) mounted on a straight 
hand piece micro-motor (LB100 Beltec, São Paulo, 
Brazil) under air/water irrigation to produce eighty 
smaller ceramic blocks of 10 x 12 x 2 mm measured 
with a digital caliper (Eccofer, Curitiba, Brazil). 
The blocks were then polished by sanding with a 
sequence of sandpapers (# 600, 800, 1000, and 1200 
- 3M, St.Paul, USA).

Embedding of blocks
The eighty blocks were embedded in chemically 

activated acrylic resin (JET, Classic Dental Articles, 
Campo Limpo Paulista, Brazil) using a silicone mold 
(Master-Talmax silicone, Curitiba, Brazil). After 
polymerization of the acrylic resin, the surface of the 
ceramic blocks was polished with sandpaper (# 600, 
# 800, # 1,000 and # 1,200) on a polishing machine 
(Labpol 8-12, Extec, Enfield, USA). The blocks were 
randomly distributed in eight groups (n = 10) according 
to the factors “HF concentration” (5 and 10%), “HF 
etching time” (60 and 120 s) and “PA treatment (with 
or without), as shown in Figure 1.

Surface treatments
Prior to each surface treatment procedures, all 

ceramic blocks were immersed in distilled water and 
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Table 1. Information of the materials used in this study. 

Product Material type Chemical composition Batch No. Manufacturer

Vita Blocs Mark II Feldspathic Ceramic
Feldspathic crystal particles embedded in a glass 

matrix Vol % ≈30
15670

VITA Zahnfabrik, Bad 
Säckingen, Germany  

Condac porcelana 
(5% and 10%)

Hydrofluoric acid
5% or 10% hydrofluoric acid, water, thickener, 

surfactant, and pigment
50815 and 

120815
FGM; Joinville, SC, 

Brasil

Condac 37% Phosphoric acid
37% phosphoric acid, thickener, pigment and 

deionized water.
- FGM

Prosil Silane
3-Methacryloxypropyltrimethoxysilane, ethanol, 

and water.
40815

FGM; Joinville, SC, 
Brasil

Ambar Adhesive system

UDMA, HEMA methacrylic acid, methacrylate 
hydrophilic monomers, ethanol, water, silica 
nanoparticles, light-initiators, co-initiators,  

and stabilizers

230615
FGM; Joinville, SC, 

Brasil

Allcem Dual
Dual conventional 

resin cement

Initiators (camphorquinone and di-benzoyl 
peroxide), stabilizers, barium-silicate glass 

microparticles, and silicon dioxide microparticles, 
and silicon dioxide nanoparticles

200815
FGM; Joinville, SC, 

Brasil

RESEARCH QUESTION

HYPOTESIS

FABRICATION OF 
TEST SPECIMENS

2-mm thick samples obtained from 10 x 12 x 2 mm Vita Mark II blocks (N = 80; n = 10)

EVALUATION OF
FRACTURED SURFACES 

WITH SEM

SBS (50 KgF, 
0.5 mm/min)

1) A higher concentration of HF acid increases bond strength;
2) A longer etching time promotes higher bond strength;
3) Acid neutralization sodium bicarbonate with or no use PA acid improves bond strength.

Does hydrofluoric (HF) acid concentration, etching time, and application of phosphoric 
acid influence the bond strength between feldspathic ceramic and resin cement?

SURFACE TREATMENTS
BY GROUPS

VM5%60s and VM5%120s: acid etching of 5% for 60 or 120s + washing and air-drying 
(30s)+ immersed in a solution of sodium bicarbonate (1min) + cleaned in distilled water for 
an ultrasonically bath (5 min).

VM10%60s and VM10%120s: acid etching of 10% for 60s or 120s+ washing and air-drying 
(30s)+ immersed in a solution of sodium bicarbonate (1min) + cleaned in distilled water for 
an ultrasonically bath (5 min).

VMPA5%60s and VMPA5%120s: acid etching of 5% for 60 or 120 seconds + washing and 
air-drying (30s)+37% PA for 60s+ washed (30s) and dried (30s) + immersed in a solution 
of sodium bicarbonate (1min)+ cleaned in distilled water for an ultrasonically bath (5 min).

VMPA10%60s and 120s: acid etching of 10% for 60 or 120 seconds + washing and 
air-drying (30s)+37% PA for 60s+ washed (30s) and dried (30s) + immersed in a solution 
of sodium bicarbonate (1min)+ cleaned in distilled water for an ultrasonically bath (5 min).

Samples were stored in distilled water in a bacteriological oven at 37 °C for 90 days.

Resin cement cylinders (AllCem Dual, FGM) with Ø=2 mm and h=2 mm were constructed 
on the ceramic surface.

ADHESIVE 
CEMENTATION

STORAGE

SURFACE ANALYSIS (SEM)
3-WAY ANOVA and TUKEY

(significance at 5%)

Figure 1. Study flowchart with experimental groups according to the factors: “Phosphoric acid - PA” - 2 degrees: (with acid: PA 
and without acid) and “HF concentration” (2 degrees: 5% and 10%) and “Exposure time”: (2 levels: HF60s; HF120s) and general 
information of the methodology. VM: VITA MARK II CERAMIC BLOCKS. * n = 80 and n = 10.
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cleaned in an ultrasonic device for 5 min (Cristófoli 
Equipamentos de Biosecurity LTDA, Campo Mourão, 
Brazil) then left to dry for about 10 min. An adhesive 
area was delimited by placing on the block surface 
an adhesive tape (Scotch, 3M, Ribeirão Preto, Brazil) 
with a perforation of 3 mm in diameter.

HF (5 or 10%, Prosil, FGM, Joinville, SC, Brazil) 
was applied to the delimited area with a microbrush 
(Dentsply, New York, USA). According to the group, 
the acid was left for 60 or 120 seconds before washing 
with air/water spray for 30 seconds and air-drying 
for 30 seconds. After HF etching, the ceramic surfaces 
were washed and air-dried, and 37% PA (Condac, 
FGM, Joinville, Brazil) was applied on half of the 
blocks with a microbrush for 60 seconds and then 
the surface was washed and dried as previously 
described. Prior to the application of silane, all 
samples were immersed in a neutralizing solution of 
sodium bicarbonate (Biodinâmica, Ibiporã, Brazil). 
The solution of sodium bicarbonate was prepared 
by dissolving 50 g in 250 mL of water in a glass 
container. Then, all samples were immersed in this 
solution for one minute. Afterwards, the samples 
were cleaned in distilled water in an ultrasonically 
bath (5 min), and then air-dried.

After surface treatment, a layer of silane (Prosil, 
FGM; Joinville, Brazil) was applied to all samples 
with a microbrush (Dentsply, New York, USA) and 
allowed to dry for 2 minutes. Afterwards, the adhesive 
system (Ambar, FGM, Joinville, Brazil) was applied 
and light cured for 20 seconds (1,200 mW / cm² - 
Radii Cal, SDI, Bayswater, Australia). The surface 
treatments descriptions are presented in Figure 1. 

Adhesive cementation
Next, a resin cement cylinder (AllCem Dual, 

FGM; Joinville, Brazil) was constructed on the 
ceramic surface. To standardize the size of the 
cylinders, a Teflon matrix (Ø = 2 mm and h = 2.0 mm) 
was used (Ultradent Jig, Ultradent, South Jordan, 
USA). After the matrix adaptation, the base and 
catalyst pastes of Allcem Dual were mixed, the 
matrix was filled, and the resin light cured for 
40 s (1,200 mW/cm2 - Radii Cal, SDI, Australia). 
Five minutes were used for chemical cure, then 

the matrices were removed and the sets (block + 
resin cement cylinder) were submitted to aging.

Aging and shear bond strength test
After cementation, all samples were immersed 

in distilled water and stored in a bacteriological 
oven at 37ºC for 90 days, and then submitted to 
the shear bond strength test in a universal testing 
machine (Shimadzu, model Autograph AG-X / 
300 KN, Natal, Brazil). A metal device was used to 
position the ceramic/cement interface perpendicular 
to the horizontal plane. A knife-shaped device was 
positioned in the load cell (50 Kgf) and moved towards 
the interface at a constant speed of 1 mm/min until 
fracture occurred.

The bond strength was calculated with the formula: 
R = F / A, where R = bond strength (MPa); F = force 
(N); A = interface area (mm2). F is the force at failure 
and is provided by the universal testing machine 
software. The area is the round adhesive interface, 
calculated by the following formula: A = πr2, where 
π = 3.14 and r = 1.0 mm (radius of the cylinder), which 
was 3.14 mm2 in our study.

Failure analysis
The fractured specimens were examined with an 

optical stereomicroscope (Stereo Discovery V20, Zeiss, 
Göttingen, Germany) and representative failure types 
were analyzed by scanning electron microscope (SEM, 
Inspect S50, FEI, Czech Republic). For SEM analysis, 
the specimens were gold-sputtered for 80 seconds at 
40 mA, creating a 30-nm thick layer. Failure modes 
were classified as: A) Adhesive at ceramic/cement 
interface (ADHES cer/cem); B) Cohesive in ceramic 
(COHES cer); C) Cohesive in cement (COHES cem); 
and D) Mixed (adhesive at ceramic/cement interface 
+ cohesive in cement).

Qualitative surface topography  
analysis (SEM)

Two blocks from each group were examined at 
1500x magnification with SEM (Hitachi TM 3000, 
Tokyo, Japan) to analyze the effect of different HF 
concentrations and exposure time on the ceramic 
surface topography.19,21
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Statistical analysis
The data distribution was evaluated, and 3-way 

analysis of variance (ANOVA) and Tukey’s test (5%) 
were used to compare the differences among groups 
with the software STATISTIX (Analytical Software 
Inc., version 8.0). The statistical power was calculated 
using OpenEpi (Open Source Epidemiologic Statistics 
for Public Health, www.openepi.com) considering a 
95% confidence interval; a power of 99.16% was found.

Results

Shear bond strength
The factor “HF concentration” (p = 0.02) and the 

interactions “PA*Time (p = 0.01)”, HF*Time (p = 0.04), 
and “PA*HF*Time (p = 0.004) were statistically 

significant for shear bond strength (Table 2).  According 
to Tukey’s test (p = 0.05), considering only the 
“HF concentration” factor, 10% HF (12.68 Mpa)A 
resulted in higher ​bond strength value than 5% HF 
(10.68 Mpa)B. 

When all groups were analyzed, the VM10%60s 
(15.35 ± 3.2)A and VMPA10%120s  (15.43 ± 3.4)A  showed 
significantly higher ​​bond strength values than 
VMHF5%120s (9.41 ±2.8)B  and VMPA10%60s (8.21 ± 4.1)B, 
which had the lowest values but were statistically 
similar to all the other groups (Table 3).

Failure analysis
A predominance of cohesive in ceramic failures 

(40%) were found, followed by mixed failures (17.5%). 
The failure analysis results are shown in Table 4.

Table 2. Results of the 3-way ANOVA for shear bond strength.

Factors DF SQ MS F p-value

Phosphoric acid (PA) 1 6.94 6.94 0.49  0.487

Hydrofluoric acid (HF) 1 72.71 72.71 5.09 0.02*

Time 1 0.19 0.193 0.01 0.907

PA*HF 1 25.46 26.45 1.78 0.186

PA*Time 1 180.51 180.510 12.63 0.000*

HF*Time 1 57.55 57.54 4.03 0.0418

PA*HF*Time 1 116.96 116.95 8.18 0.005*

Error 72 1028.94 14.291    

Total 79 1489.27      

*p-value < 0.05: statistical significance, DF: degrees of freedom, SQ: sum of squares, MQ: mean square, F: F statistics.

Table 3. Bond strength of groups according to the factors “Phosphoric acid”, “HF Concentration” and “Etching Time”. Data are 
reported as means (MPa) and standard deviation. 

Group Name Phosphoric acid application HF concentration Etching time Bond strength (MPa)

VM5%60s No

5%

60 s
11.59 ± 1.89AB

VMPA5%60s Yes 11.55 ± 3.6AB

VM5%120s No
120 s

9.41 ±2.8B

VMPA5%120s Yes 10.53 ± 4.8AB

VM10%60s No  
60 s

15.35 ± 3.2A

VMPA10%60s Yes   8.21 ± 4.1B

VM10%120s No 10%
120 s

11.72 ± 5.2AB

VMPA10%120s     15.43 ± 3.4A

Different uppercase letters indicate statistically significant differences between groups (p-value < 0.05). 
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Qualitative surface topography  
analysis (SEM)

When using both the 5 and 10% HF concentrations, 
etching for 120 s created an irregular and more 
porous surface than the 60-s etching. In the 60 s 
groups, the surface was more homogeneous. In 
addition, the higher acid concentration and longer 
etching time caused further degradation and more 
surface irregularities in the ceramic. Representative 
images of the topography analysis are presented 
in Figure 2.

Discussion

HF acid etching followed by silane application has 
been the main protocol for surface treatment of ceramic 

restorations.22 However, despite the advantages of this 
adhesive procedure, acid concentration, etching time, 
ceramic cleaning, and neutralization techniques can 
change the surface free energy of the ceramic and 
affect the adhesion to resin cements, compromising 
the longevity of restorations.23 Some previous studies 
have already investigated the effect of these changes 
on the ceramic surface. However, most studies use 
lithium disilicate ceramics or evaluate the effects of 
these factors individually. Several methods can be 
used to evaluate the bond strength of resin cements 
to ceramics, including microtensile, micro shear, and 
shear bond methods. Although microtensile and 
microshear tests present a reduced adhesive area 
providing fewer internal defects in the adhesive 
area and surface failures16, problems associated 
with cutting the ceramic, in the microtensile test, or 
difficulties in standardizing the adhesive area, in 
the microshear test, may induce premature interface 
failures, reducing the effectiveness of the assay.24 
Therefore, the shear bond test was used in this study, 
which, besides being widely used for bond strength 
evaluations24, is easy to perform and has low cost.

According to the present study results, the first 
hypothesis that higher HF concentration leads to 

Table 4.  Percentage of failure types. 

Failure type n % of total samples

Adhesive at ceramic-adhesive 
interface

17 17.5

Cohesive in cement 0 0%

Cohesive in ceramic 16 4000%

Mixed 7 42.5

#
#

* *

HV
15.00 kV

mag
60 x

spot
5.0

WD
16.8 mm

det
ETD

2 mm
ICT - UNESP

HV
15.00 kV

mag
80 x

spot
5.0

WD
16.1 mm

det
ETD

2 mm
ICT - UNESP

A B

Figure 2. SEM (60x) micrographs of failure modes between the ceramic and resin cement cylinder: mixed failure (A: cohesive in 
cement, and B: adhesive at ceramic / cement interface). Ceramic (#), resin cement (*).
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increase in bond strength was accepted. The 10% 
HF presented higher bond strength than the 5% HF. 
Different protocols have been proposed for feldspar 
ceramics and some studies reported that longer 
HF etching time, which may vary from 0 to 120 s,25 
results in higher bond strength values. Different 
results regarding the ideal etching time and HF 
concentration have been reported. According to 
Chen et al.25 120-s exposure with 5% HF provided 
the highest bond strength for a feldspar ceramic 
(Vita Mark II. Another study, evaluated different 
HF acid concentrations (9, 5, and 4%) in leucite-
reinforced feldspathic ceramic, and according to 
the authors, the HF concentration had no influence 
on the ceramic bond strength19. Other studies26,27 
evaluated the effect of HF concentrations (5 and 10%) 
and etching time in feldspar ceramic. According 
to these authors, the time and the concentration of 
HF had no influence on the ceramic bond strength 
as in the results of the present study. The HF 
concentration and the ideal etching time should 
be adjusted for each type of ceramic to achieve 
optimal bond strength.27 

The second hypothesis that longer etching 
time (120s) promotes higher bond strength was 
not accepted. The 20- or 120-s etching time had 

no influence on bond strength values. A longer 
etching time, besides increasing roughness and 
favoring adhesion, can also weaken the biaxial 
flexural strength, especially in feldspar ceramics.13,21 
The kinetics between HF and ceramic depends 
on chemical reactions on the surface, which are 
affected not only by time and acid concentration, 
but also by the physical structure of the ceramic.10,28 
Feldspar ceramics have an amorphous glass matrix 
consisting of a random network of cross-linked 
silica tetrahedrons, which have varying amounts 
of undissolved feldspar.29 With exposure to HF, the 
glass phase is selectively dissolved, increasing the 
roughness of the ceramic surface, but HF might have 
a negative effect in flexural strength depending on 
application time and concentration used.30 Therefore, 
lower acid concentrations and etching for 60 seconds 
have been suggested.6,13 In the present study, the 
qualitative analysis of surface topography showed 
that longer etching times (120 s) and a stronger acid 
concentration (10%) generated greater degradation 
of the ceramic matrix, increasing the irregularities 
and creating deeper microporosities in the surface. 
As there seems to be no significant difference in 
bond strength with 60 or 120 s acid etching, a shorter 
time may be a better option.

#*

*

HV
15.00 kV

mag
60 x

spot
5.0

WD
16.8 mm

det
ETD

2 mm
ICT - UNESP

HV
15.00 kV

mag
60 x

spot
5.0

WD
16.4 mm

det
ETD

2 mm
ICT - UNESP

A B

Figure 3. SEM (60x) micrographs of cohesive in ceramic (A) and mixed (A and B) failures. Ceramic (*), resin cement (#).
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The third hypothesis of this study that acid 
neutralization with sodium bicarbonate associated 
or not with PA improves the bond strength was not 
accepted. Surface cleaning after HF etching aims to 
remove residual acid and other contaminants from the 
etching process.20,31 The literature reports that the acid 
neutralization with a base agent could be an option to 
reduce the HF acid risks and toxicity, and eliminate 
the residual fluoride ion.20 Basic salts neutralizing 
agents (e.g. calcium carbonate/ Neutralizing Powder, 
Ivoclar) can prevent the toxic effects of HF acid and 
neutralize the pH of a substance from an acid-base 
reaction by forming water and salt, eliminating 
HF residues in the pores of the ceramic surface.20,32 
Considering that sodium bicarbonate is also a basic 
salt that is easy to find and affordable, it was selected 
to be used in this study.   

The literature does not agrees regarding the 
cleaning and neutralizing agents that should be used 
to improve the bond strength. Magne and Cascione33 
evaluated post-etching cleaning using 37.5% PA 
followed by ultrasonic bath on bond strength of 
feldspar ceramics. According to the authors, the HF 
precipitates that are not removed from the ceramic 
surface may decrease adhesion. Saavedra et al.20 
reported that the use of neutralizing agents after HF 
acid etching decreased the bond strength between 
resin cement and ceramic, concluding that this step 
is not recommended. Another study34 evaluated 
the effect of neutralizing agents on the shear bond 
strength of etched (HF) porcelain and according to 
the authors the treated groups did not differ from 
the control. That finding corroborates the present 
study results, in which the cleaning procedure with 
sodium bicarbonate, associated or not to PA, did not 
affected the bond strength. The cleaning step can thus 
be considered unnecessary for the improvement of 
bonding between cement and feldspathic ceramic.

The failure analysis of our study revealed a greater 
number of mixed and cohesive ceramic failures. 
Several factors may be related to these failures, 
including the mechanical shear test that was used30 
and the ceramic composition. Some studies report 
that HF etching procedures may weaken the surface 
of feldspar ceramics more than lithium disilicate 
ceramics, due to the selective dissolution of leucite 

HV
20.00 kV

mag
2000 x

spot
5.0

WD
14.0 mm

det
ETD

50 µm
ICT - UNESP

HV
20.00 kV

mag
2000 x

spot
5.0

WD
13.3 mm

det
ETD

50 µm
ICT - UNESP

HV
20.00 kV

mag
2000 x

spot
5.0

WD
14.2 mm

det
ETD

50 µm
ICT - UNESP

A

B

C

Figure 4. SEM (2000X) micrographs of the ceramic surface 
with different treatments. A: 5% HF for 60s; B: 5% HF for 120s; 
C: 10% HF for 60s; D: 10% HF for 120s; 
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crystal grains and the larger glass phase volume of 
feldspar ceramics.30,35

Further in vitro and clinical studies should 
investigate the influence of different HF concentrations, 
etching times, long thermal aging, and usage of 
phosphoric acid with other post-etching cleaning 
methods to determine the durability of the bond 
between ceramic and resin cement. 

Conclusion

According to the results of this study and within 
its limitations, HF time (60 or 120 seconds) and surface 
cleaning with phosphoric acid followed by sodium 
bicarbonate immersion did not influence the bond 

strength between feldspar ceramic and resin cement. 
The 10% HF resulted in higher ​shear bond strength 
than the 5% HF. 
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