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Fatigue failure load of feldspathic ceramic crowns after
hydrofluoric acid etching at different concentrations
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ABSTRACT
Statement of problem. Hydrofluoric acid etching modifies the cementation surface of ceramic
restorations, which is the same surface where failure is initiated. Information regarding the influence
of hydrofluoric acid etching on the cyclic loads to failure of ceramic crowns is lacking.

Purpose. The purpose of this in vitro study was to evaluate the influence of different hydrofluoric
acid concentrations on the fatigue failure loads of feldspathic ceramic crowns.

Material and methods. Eighty feldspathic ceramic crowns were cemented with resin cement to
identical simplified complete crown preparations machined in a dentin-like polymer. The prepara-
tions were etched with 10% hydrofluoric acid for 60 seconds and received a primer coating. Before
cementation, the intaglio of the ceramic crowns was treated with 1 of 4 surface conditionings (n=20):
nonconditioned (control, CTRL), or etched for 60 seconds with different hydrofluoric acid concen-
trations: 1% (HF1), 5% (HF5), and 10% (HF10). A silane coupling agent was applied on this surface of
all crowns, which were cemented to the preparations. Each crown was cyclically loaded in water with
a G10 epoxy-glass piston positioned in the center of the occlusal surface. Fatigue failure loads of
ceramic crowns were obtained by the staircase approach after 500 000 cycles at 20 Hz. Mean
failure loads were analyzed by 1-way ANOVA and the Tukey test (a=.05).

Results. Mean failure loads of groups CTRL (245.0 ±15.1 N), HF1 (242.5 ±24.7 N), and HF10 (255.7
±53.8 N) were statistically similar (P>.05), while that of the HF5 group (216.7 ±22.5 N) was signifi-
cantly lower (P<.05).

Conclusions. HF5 acid had a negative effect on the fatigue loads of the tested feldspathic
ceramic crowns, while HF1 and HF10 acids did not change the fatigue resistance. (J Prosthet Dent
2018;119:278-285)
The long-term success of cera-
mic restorations is determined
by the durability of the adhesive
bond and by the mechanical
reliability of the ceramic mate-
rial.1 Ceramic restorations are
constantly subjected to cyclic
loads in wet conditions, and the
combination of these factors
has been identified as one of the
main causes of crack initiation
and subsequent growth, which
may decrease the strength and
increase the failure of the
restorative materials.2,3

Vitablocs Mark II (Vita
Zahnfabrik) are fine-structure
feldspar ceramic blocks used
to produce inlays, onlays, ve-
neers, and crowns with
computer-aided design and
computer-aided manufacturing
(CAD-CAM) systems. Indus-

trially prepared ceramic blocks are more structurally reli-
able materials for dental applications, although the
machining process may induce flaws.4 Vita Mark II has a
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relatively low flexural strength of 86.3 MPa, but it has a
high Weibull modulus (m=23.6).4 Clinically, complete
crowns of Vita Mark II showed similar survival rates to
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Clinical Implications
Hydrofluoric acid etching does not have a
weakening effect on resin-bonded feldspathic
ceramic crowns. However, the clinical use of 5%
hydrofluoric acid for etching this ceramic should be
considered carefully.
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crowns with Vita In-Ceram Spinell copings over a period
of 2 to 5 years.5 Furthermore, appropriate bonding pro-
cedures can improve not only the bond strength but also
the fracture strength of CAD-CAM crowns.6

During the bonding procedure, the intaglio surface of
feldspathic ceramic restorations should be etched with
hydrofluoric acid to provide the necessary surface alter-
ations and surface roughness for mechanical interlocking.7

These surfaces are further primed with a silane coupling
agent for chemical bonding of the ceramic, silane, and
resin cement.7,8 The experimental evaluation of clinically
failed complete ceramic crowns and finite element analysis
results suggests that the majority of bulk fractures of
single-unit crowns are initiated from the intaglio of the
ceramic (cementation surface), where high tensile stresses
develop during cyclic loading2,9-13 and where hydrofluoric
acid etching is performed. Therefore, the internal surface
characteristics of ceramic crowns are believed to play a
crucial role in their probability of failure.14

Although hydrofluoric acid etching modifies the in-
taglio surface of ceramic restorations to promote micro-
mechanical interlocking, the impact of this acid on the
ceramic strength remains uncertain. It appears to have a
weakening effect on glass ceramics15-18 because of the
modification of the resident surface flaw population,15

with a progressive increase in this effect as a function
of the hydrofluoric acid concentration used for
etching.16,19 With higher hydrofluoric acid concentra-
tions, the increased number of defects can be attributed
to newly introduced flaws.16 If these flaws reach a critical
size, they can propagate on the internal surface and cause
ceramic failure. Thus, the flaw distribution present in the
material is directly related to the fracture strength of the
ceramic.20 However, some studies have reported that
hydrofluoric acid in different etching regimens did not
negatively impact the strength of ceramics21,22 and that
unfilled resin or resin cement application had a positive
effect on flexural strength after hydrofluoric acid etching
and silane treatment,14,22 minimizing the influence of
flaws.23 The strengthening effect occurs as a consequence
of the interaction of the resin with the entire surface
defect population24 and may depend on the behavior of
the resin penetrating the ceramic surface.25

In addition, this acid is also known as a chemical with
extremely hazardous effects because of its toxicity.26
Venturini et al
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Therefore, potential damage to health has motivated
dental research to test low hydrofluoric acid
concentrations.27

The performance of complete ceramic crowns is
determined by a complex combination of factors including
the material selected, thickness, damage introduced, ad-
hesive/luting system used, tooth substrate (natural dentin
or foundation restoration28), and the fatigue response to
complex loading.29 In terms of failure prediction, cyclic
mechanical loads applied under wet conditions could
simulate the damage accumulation that occurs in ceramic
restorations in an oral environment30 and can lead to
modes of crack initiation and growth not seen under
monotonic loads.31 However, the authors are unaware of
studies that did not perform monotonic tests to evaluate
the effect of hydrofluoric acid etching on the ceramic
surface, which can be less clinically relevant than fatigue
failure tests. Likewise, the authors are unaware of studies
that tested the influence of the restoration geometry on
stress distribution or the cementation effects, such as flaw
“healing” by resin cement. In addition, the influence of
dentin elastic properties and themanufacturingmethod of
the ceramic specimensdrelated to population defectsd
need to be studied. Currently, studies that replicated
clinical situations that have assessed the influence of hy-
drofluoric acid etching in different concentrations on the
fatigue failure loads of adhesively cemented feldspathic
ceramic crowns are lacking.

Therefore, the purpose of this in vitro study was to
evaluate the influence of different hydrofluoric acid
concentrations on the failure loads of feldspathic ceramic
crowns machined by CAD-CAM systems using wet
mechanical cyclic tests. Two hypotheses were tested: acid
etching would not reduce the fatigue failure loads in
comparison with untreated crowns, and mean failure
loads would not be influenced by the different hydro-
fluoric acid concentrations.

MATERIAL AND METHODS

The design of a simplified complete crown was adapted
fromone previously developed byGresslerMay et al.30 They
observed that fractures were initiated from the cementation
surface of feldspathic crowns. Furthermore, the lack of
contact damage on the loaded surface was attributed to the
use of a flat-end piston made from G10 epoxy glass.

Eighty identical dentin analog prosthetic preparations
(preparation height=5.32 mm, internal angle radii=0.5
mm, axial wall convergence=16 degrees, cervical prepa-
ration depth=1.2 mm, and round shoulder radii=0.5 mm)
were machined from 11 mm diameter rods of an epoxy-
glass cloth (NEMA G10; International Paper) in a me-
chanical lathe (Diplomat 3001; Nardini), as seen in
Figure 1A. One G10 preparation was scanned, and the
3-dimensional images were processed in CAD software
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 1. Illustrations of G10 preparation for crown cementation.
A, Sketch lines and dimensions (in mm) for axial-symmetric drawing
of G10 preparation. B, Specimen after cementation.

Table 1. Experimental design

Group Surface Treatment

CTRL Unconditioned control, only silane

HF1 Etching with gel 1% hydrofluoric acida

HF5 Etching with gel 5% hydrofluoric acidb

HF10 Etching with gel 10% hydrofluoric acidb

aExperimentally formulated (FGM). bCondac Porcelana 5% and 10% (FGM).
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(CEREC in-Lab 3D, v4.1; Dentsply Sirona) with an
occlusal cementation space of 60 mm and an occlusal
thickness of 1.5 mm.

A CAM machine (CEREC inLab MC XL; Dentsply
Sirona) was used to mill ceramic blocks (10×12×15 mm)
(Vita Mark II 4M2C/I12; Vita Zahnfabrik) into identical
crowns using diamond rotary instruments and water.
Four nominally identical pairs of diamond instruments,
each containing 1 cylindrical (Cylinder pointed bur 12S;
Dentsply Sirona) and 1 stepped pattern (Step bur 12S;
Dentsply Sirona), were used to generate 80 crowns. Each
rotary instrument set machined the sample size for each
THE JOURNAL OF PROSTHETIC DENTISTRY
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group (n=20). The specimen machining sequence (1 to
20) was recorded for each individual crown, and they
were randomly assigned according to the same instru-
ment set using an online tool (http://www.randomizer.
org/). After machining, each crown was seated on its
respective preparation to evaluate the marginal fit.
However, no internal adjustment was needed in the
crowns. Nevertheless, their occlusal surface was finished
with silicon carbide grit (#600), resulting in a final
occlusal thickness of 1.5 ±0.01 mm. The preparations
were cleaned in an ultrasonic bath with distilled water for
3 minutes, and the crowns were cleaned with isopropyl
alcohol for 5 minutes to remove the polishing residue.

The intaglio surfaces were etched with different hy-
drofluoric acid concentrations, as summarized in Table 1,
for 60 seconds, rinsed with an air-water spray for 30 sec-
onds, dried, and ultrasonically cleaned in distilled water
for 5 minutes. Subsequently, the silane-based primer
(Monobond Plus; Ivoclar Vivadent AG)was applied on the
intaglio of all crowns for 1 minute and then air dried.

The G10 preparations were etched with 10% hydro-
fluoric acid for 60 seconds, washed for 30 seconds, and
ultrasonically cleaned for 5 minutes. Multilink Primer A
and B (Ivoclar Vivadent AG) were mixed in a 1:1 ratio,
scrubbed on the dies for 30 seconds, and dried until a
thin film was obtained.

One centimeter of resin cement (Multilink Automix;
Ivoclar Vivadent AG) was measured with a ruler, mixed,
and applied to the intaglio crown surface. The crowns
were seated under a load of 7.5 N. The excess cement
was removed, and the remaining cement was light
polymerized with 5 exposures of 20 seconds each.

After the cementation procedures, all specimens, as
seen in Figure 1B, were embedded in both polyurethane
(F16, Fast Cast Polyurethane; Axson Technologies) and
PVC cylinders to 2 mm below the cervical margin. They
were then stored in distilled water at 37�C for 7 to 14
days before the staircase load testing was conducted.

Cyclic failure loads were established in an electric
machine (Instron ElectroPuls E3000; Instron Corp) using
the staircase sensitivity (up and down) approach method
described by Collins.32 Each crown was centrally and
perpendicularly loaded under water using a 2-mm
diameter piston made from G10 epoxy-glass cloth
(Fig. 2). A sheet of polyethylene (0.1 mm thick) was
placed between the piston and the ceramic to reduce
contact stress concentration.
Venturini et al
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Figure 2. Experimental arrangement. Specimen centrally loaded with
G10 piston in fatigue machine.

Table 2.Mean fatigue failure loads (Lf)
and standard deviation (SD) of CAD-CAM
feldspathic crowns from staircase tests

Group Lf (N) (±SD)

CTRL 245.0 ±15.1A

HF1 242.5 ±24.7A

HF5 216.7 ±22.5B

HF10 255.7 ±53.8A

CAD-CAM, computer-aided design and computer-
aided manufacturing. Different superscript letters
indicate statistically significant differences (P<.05).
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Sinusoidal cyclic loading was applied to ceramic spec-
imens, with amplitudes ranging from a minimum of 10 N
to the maximum tensile load, at a frequency of 20 Hz, and
for 500 000 cycles. The initial load and the step size were
determined based on the results of the monotonic tests
from the 10% hydrofluoric acid (HF10) group (n=3; mean
monotonic load for fracture=300 N). A load that was 60%
of the mean monotonic failure load was assumed as the
initial load (180 N). A step size of 20 N was applied up or
down to the next specimen, according to the examination
for subsurface crack formation by transillumination. If the
tested specimen failed, the next specimen was cycled at a
lower load by decreasing 1 step size. If the specimen
survived the 500 000 cycles, the subsequent specimen was
cycled at a higher load by increasing 1 step size.

The mean failure load (Lf) and the standard deviation
(s) were calculated on the basis of the data of the least
frequent event (survival or failure) by using the method
described by Collins.32
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where Lf0 is the lowest load level considered in the
analysis, d is the step size, and ni is the number of failures
or survivals at the given load level. In Eq. (2), the negative
sign is used if the least frequent event is a failure;
otherwise, the positive sign is used. The lowest load level
considered is designated as i=0, the next level as i=1, and
so on. ni is the number of failures or survivals at a given
load level.

Topographical analysis was performed by field emis-
sion scanning electron microscopy (FE-SEM) (FEI Inspect
F50; FEI) at different magnifications. For this analysis, a
machined crown was sectioned into 4 pieces. Each piece
was treated using different conditioning methods, and
the occlusal surfaces of cementation (internal surface)
were sputter coated with a gold-palladium alloy before
being examined.

After the fatigue test, the crowns were analyzed under
a light microscope (Stereo Discovery V20; Carl Zeiss) to
determine the region of crack origin. Then the failure
crowns were longitudinally sectioned into halves
perpendicular to the track of the radial crack. Represen-
tative specimens from each group were analyzed by
FE-SEM.

Statistical analysis was performed using statistical
software (IBM SPSS Statistics for Windows v21; IBM
Corp). All load values (failure or survival steps) were
analyzed by 1-way ANOVA and the post hoc Tukey test
(a=.05) because the data presented homogeneity of
variances (P>.05 based on the Levene test) and normal
distribution (P>.05 based on the Shapiro-Wilk test).

RESULTS

Significant differences were found among the groups
(ANOVA, P<.001). The crowns etched by 5% hydroflu-
oric acid (HF5) had a lower mean fatigue failure load than
that of the CTRL, 1% hydrofluoric acid (HF1), and HF10
groups, which were statistically similar (Table 2). The
patterns of runouts (survivals) and failures from the
staircase experimental design for the different groups
after 500 000 cycles are shown in Fig. 3.

The FE-SEM analysis revealed that slight topo-
graphical changes were promoted by HF1 compared with
THE JOURNAL OF PROSTHETIC DENTISTRY

l Hospital JC from ClinicalKey.com by Elsevier on February 12, 2018.
 Copyright ©2018. Elsevier Inc. All rights reserved.



340
320
300
280
260
240
220
200
180

F
a

ti
g

u
e

 L
o

a
d

 (
N

)

Specimen Number

CTRL - mean fatigue load 245.0 N

160
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

340
320
300
280
260
240
220
200
180

F
a

ti
g

u
e

 L
o

a
d

 (
N

)

Specimen Number

HF 5% - mean fatigue load 216.7 N

160
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

340
320
300
280
260
240
220
200
180

F
a

ti
g

u
e

 L
o

a
d

 (
N

)

Specimen Number

HF 10% - mean fatigue load 255.7 N

160
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

340
320
300
280
260
240
220
200
180

F
a

ti
g

u
e

 L
o

a
d

 (
N

)

Specimen Number

HF 1% - mean fatigue load 242.5 N

160
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

A B

C D

Figure 3. Pattern of runouts (survival) and failures for each group (CTRL, HF1, HF5, HF10) observed during wet mechanical cycling (500 000 cycles).
Arrows indicate load level at which up-and-down character started. Horizontal lines indicate mean fatigue load, filled scorers show runout, and
empty scorers are failure.
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the untreated condition (CTRL) (Fig. 4). A progressive
effect of the different hydrofluoric acid concentrations
was observed on the ceramic microstructure, indicating
that higher concentrations promoted larger and deeper
craters and pits.

The crown failure analysis under a light microscope
showed that all fatigue cracks were radial cracks starting
from the cemented surface, and there was no Hertzian
cone crack. Representative FE-SEM micrographs of the
fracture surfaces are presented in Fig. 5. The irregularities
created by acid etching on the ceramic surface were often
not filled by resin cement, especially in the HF5 group.
DISCUSSION

The first hypothesisdthat the acid etching would not
reduce the fatigue failure loads in comparison with un-
treated crownsdwas partially accepted. Mean fatigue
failure loads were significantly lower when ceramic sur-
faces were etched with HF5, while the groups CTRL,
HF1, and HF10 were not statistically different (Table 2).
The second hypothesis was rejected because the fatigue
failure loads were influenced by the distinct hydrofluoric
acid concentrations.

Malament and Socransky28 reported that the intraoral
survival rates (Kaplan-Meier) of glass-ceramic crowns
(Dicor) over 16 years were higher when they were acid
THE JOURNAL OF PROSTHETIC DENTISTRY
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etched before being bonded to the dentin cores, as
opposed to not being acid etched. Of the luting agents
tested in that study, acid-etched Dicor restorations luted
with composite resin exhibited more favorable survivor
functions than restorations luted with glass ionomer or
zinc phosphate cement.28 These data highlight the
importance of resin-bonded adhesion and topographical
changes promoted by hydrofluoric acid etching to ach-
ieve better clinical results.

Nevertheless, hydrofluoric acid can be harmful and
particularly aggressive to soft tissues.26 Considering the
potential hazards of hydrofluoric acid in dental applica-
tions, low concentrations of this acid have been studied
to promote durable bond strengths without weakening
the ceramics. Venturini et al27 tested 4 hydrofluoric acid
concentrations for etching a feldspathic ceramic (Vita
Mark II), concluding that 3%, 5%, and 10% hydrofluoric
acid promoted stable resin adhesion after long-term ag-
ing, while 1% hydrofluoric acid showed a significant
decrease in bond strength after aging/thermocycling. In
another study,18 they tested the effect of the same hy-
drofluoric acid concentrations on the flexural strength
and reported that acid etching has a weakening effect on
feldspathic ceramic when compared with untreated
ceramic, regardless of its concentration. Regardless of
these previous monotonic findings, the mean fatigue
failure loads were not different among the groups CTRL,
Venturini et al
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Figure 4. Representative field emission scanning electron microscopy micrographs (original magnification ×3000) of different ceramic surface
treatments showing topography pattern alteration generated by machining procedure and hydrofluoric acid etching. A, CTRL group. B, HF1
group. C, HF5 group. D, HF10 group.
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HF1, and HF10 in the current study. The explanation for
this could be the cementation procedure, which provides
support to the ceramic crown by a cement layer. A pos-
itive influence of the resin cement application on the
ceramic flexural strength has been proposed by some
authors.22,24,25 The theory of resin strengthening ce-
ramics may be explained by the combination of the
Poisson constraint and the creation of a resin inter-
penetrating layer sensitive to the elastic modulus of the
resin.25 A resin layer that is bonded to the flawed surface
would change the ceramic material to a ceramic-
composite resin.12
Venturini et al
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Etching the cementation surface and bonding with a
low-viscosity resin cement can minimize the influence of
flaws at cementation surfaces.23 However, crowns etched
with 5% hydrofluoric acid were significantly less resistant
than the other groups tested here. The FE-SEM frac-
tography images (Fig. 5) show nonhomogeneous pene-
tration of the resin cement into the ceramic irregularities
created by 5% hydrofluoric acid through the cement
voids present at the interface, mainly in the failure origin
area. The presence of a large flaw and cement voids along
the internal surface of a glass-ceramic crown may raise
internal stresses, leading to failure.12 Under loading, the
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 5. Representative images (original magnification ×500) of fracture surfaces from crowns subjected to fatigue. A, CTRL group. B, HF1 group.
C, HF5 group. D, HF10 group. Radial cracks pointing to fracture origin can be observed in cementation surface under tensile stresses.
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stress at the flaw tip in an air space cannot be transferred
to the resin, thereby increasing the susceptibility of the
ceramic to crack initiation.12 The resin cement viscosity is
also important, as more fluid resin cement could pene-
trate irregularities on the intaglio ceramic surface.

Previous investigations of clinically failed glass-
ceramic crowns revealed that the majority of failures
were initiated from flaws and tensions existing at the
cementation surface, indicating this surface as the loca-
tion of the highest tensile stress and/or the largest
flaws.9,11,13 In the current study, all failures occurred as
radial cracks from the cementation surface, which
approximate to the clinical failure reports. In addition, the
use of a flat-end piston made from G10 epoxy glass and a
THE JOURNAL OF PROSTHETIC DENTISTRY
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plastic strip between the piston and the crown during the
test may justify the absence of contact damage on the
loaded occlusal surface.

The load to initiate a radial fracture is influenced by
the crown thickness and the relative elastic modulus
between crown and the supporting tooth substrate.29

Hence, the current study used a crown design with a
simple geometric configuration because an irregular ge-
ometry makes it difficult to determine the effect of crown
thickness. In addition, the substrate supporting material
was an epoxy filled with woven glass fibers (G10), which
has an elastic modulus similar to that of dentin. Kelly
et al10 reported that G10 was not significantly different
from hydrated dentin in terms of blunt contact elastic
Venturini et al
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behavior or resin cement bond strength. They found a
small difference (approximately 5%) in fatigue behavior
when testing was performed at 20 Hz versus 2 Hz and
concluded that further tests can be performed at 20 Hz,
greatly increasing the rate of data accumulation. There-
fore, the current fatigue test was performed at 20 Hz.

Regarding the fatigue test, the staircase approach was
used to determine the fatigue strength; it involved sub-
jecting specimens to a high number of cycles at a low
load. At least 15 specimens were necessary to evaluate
the fatigue strength at the life of interest.32 Coefficients of
variation of approximately 10% were achieved by Kelly
et al,10 with a modest number of specimens (�20) in a
staircase sensitivity testing. Because of its low variability,
a sample size of 20 crowns was used in the present study.

There are limitations in this in vitro study, and some
clinical conditions were not simulated. The direction of the
load applicationwas only axial,without simulation of lateral
forces and sliding that may occur clinically during masti-
cation or clenching. Furthermore, the brief water storage
times (7 to 14 days), without long-term aging, might be
insufficient to damage bond strength. The chemical bond
between silane and resin cement might deteriorate over
time because of hydrolysis, and the micromechanical
retention promoted by the minimal acid etching (HF1) or
nonacid etching (CTRL) may be insufficient to provide
stable bond strength. Therefore, the adhesion in CTRL and
HF1 may have been promoted mainly by chemical bonds,
with minimum micromechanical bonding. Thus, these
findings should be considered carefully, and future studies
should stress the clinical plausibility of using lower con-
centrations of hydrofluoric acid.

CONCLUSIONS

Within the limitations of this in vitro study, the following
conclusions were drawn:

1. Etching with 5% hydrofluoric acid on the intaglio
surface of feldspathic ceramic crowns reduced the
fatigue failure loads and thus would not be recom-
mended for the tested ceramic.

2. The mean fatigue failure loads of the feldspathic
crowns was not influenced by 1% and 10% hydro-
fluoric acid, since these etched crowns did not differ
from untreated crowns.

REFERENCES

1. Guess PC, Strub JR, Steinhart N, Wolkewitz M, Stappert CF. All-ceramic
partial coverage restorations-midterm results of a 5-year prospective clinical
splitmouth study. J Dent 2009;37:627-37.

2. Kelly JR. Clinically relevant approach to failure testing of all-ceramic resto-
rations. J Prosthet Dent 1999;81:652-61.

3. Drummond JL, Lin L, Al-Turki LA, Hurley RK. Fatigue behaviour of dental
composite materials. J Dent 2009;37:321-30.

4. Tinschert J, Zwez D, Marx R, Anusavice KJ. Structural reliability of alumina-,
feldspar-, leucite-, mica- and zirconia-based ceramics. J Dent 2000;28:
529-35.
Venturini et al

Downloaded for scmh lib (scmhlib1@gmail.com) at Show Chwan Memoria
For personal use only. No other uses without permission.
5. Bindl A, Mörmann WH. Survival rate of mono-ceramic and ceramic-core
CAD/CAM-generated anterior crowns over 2-5 years. Eur J Oral Sci
2004;112:197-204.

6. Mörmann WH, Bindl A, Lüthy H, Rathke A. Effects of preparation and luting
system on all-ceramic computer-generated crowns. Int J Prosthodont
1998;11:333-9.

7. Brentel AS, Ozcan M, Valandro LF, Alarça LG, Amaral R, et al. Microtensile
bond strength of a resin cement to feldpathic ceramic after different etching
and silanization regimens in dry and aged conditions. Dent Mater 2007;23:
1323-31.

8. Phoenix RD, Shen C. Characterization of treated porcelain surfaces via dy-
namic contact angle analysis. Int J Prosthodont 1995;8:187-94.

9. Kelly JR, Giordano R, Pober R, Cima MJ. Fracture surface analysis of dental
ceramics: clinically failed restorations. Int J Prosthodont 1990;3:430-40.

10. Kelly JR, Rungruanganunt P, Hunter B, Vailati F. Development of clinically
validated bulk failure test for ceramic crowns. J Prosthet Dent 2010;104:228-38.

11. Kelly JR, Campbell SD, Bowen HK. Fracture-surface analysis of dental ce-
ramics. J Prosthet Dent 1989;62:536-41.

12. Anusavice KJ, Hojjatie B. Tensile stress in glass-ceramic crowns: effect of
flaws and cementation voids. Int J Prosthodont 1992;5:351-8.

13. Thompson JY, Anusavice KJ, Naman A, Morris HF. Fracture surface character-
ization of clinically failed all-ceramic crowns. J Dent Res 1994;73:1824-32.

14. Pagniano RP, Seghi RR, Rosenstiel SF, Wang RT, Katsube N. The effect of a
layer of resin luting agent on the biaxial flexure strength of two all-ceramic
systems. J Prosthet Dent 2005;93:459-66.

15. Addison O, Fleming GJ. The influence of cement lute, thermocycling, and
surface preparation on the strength of a porcelain laminate veneering ma-
terial. Dent Mater 2004;20:286-92.

16. Addison O, Marquis PM, Fleming GJ. The impact of hydrofluoric acid surface
treatments on the performance of a porcelain laminate restorative material.
Dent Mater 2007;23:461-8.

17. Hooshmand T, Parvizi S, Keshvad A. Effect of surface acid etching on the
biaxial flexural strength of two hot-pressed glass ceramics. J Prosthodont
2008;17:415-9.

18. Venturini AB, Prochnow C, May LG, Bottino MC, Valandro LF. Influence of
hydrofluoric acid concentration on the flexural strength of a feldspathic
ceramic. J Mech Behav Biomed Mater 2015;48:241-8.

19. Della Bona A, Anusavice KJ, Hood JAA. Effect of ceramic surface treatment
on tensile bond strength to resin cement. Int J Prosthodont 2002;15:248-53.

20. Thompson JY, Anusavice KJ. Effect of surface etching on the flexure strength
and fracture toughness of Dicor disks containing controlled flaws. J Dent
Res 1994;73:505-10.

21. Yen T, Blackman RB, Baez RJ. Effect of acid etching on the flexural strength of a
feldspathic porcelain and castable glass ceramic. J ProsthetDent 1993;70:224-33.

22. Posritong S, Borges AL, Chu TM, Eckert GJ, Bottino MA, Bottino MC. The
impact of hydrofluoric acid etching followed by unfilled resin on the biaxial
strength of a glass-ceramic. Dent Mater 2013;29:e281-90.

23. Kelly JR, Nishimura I, Campbell SD. Ceramics in dentistry: historical roots
and current perspectives. J Prosthet Dent 1996;75:18-32.

24. Addison O, Marquis PM, Fleming GJ. Resin strengthening of dental
ceramics-the impact of surface texture and silane. J Dent 2007;35:416-24.

25. Addison O, Marquis PM, Fleming GJ. Resin elasticity and the strengthening
of all-ceramic restorations. J Dent Res 2007;86:519-23.

26. Özcan M, Allahbeickaraghi A, Dündar M. Possible hazardous effects of hy-
drofluoric acid and recommendations for treatment approach: a review. Clin
Oral Investig 2012;16:15-23.

27. Venturini AB, Prochnow C, Rambo D, Gundel A, Valandro LF. Effect of
hydrofluoric acid concentration on resin adhesion to a feldspathic ceramic.
J Adhes Dent 2015;17:313-20.

28. Malament KA, Socransky SS. Survival of Dicor glass-ceramic dental resto-
rations over 16 years. Part III: effect of luting agent and tooth or tooth-
substitute core structure. J Prosthet Dent 2001;86:511-9.

29. Thompson VP, Rekow DE. Dental ceramics and the molar crown testing
ground. J Appl Oral Sci 2004;12:26-36.

30. Gressler May L, Kelly JR, Bottino MA, Hill T. Influence of the resin cement
thickness on the fatigue failure loads of CAD/CAM feldspathic crowns. Dent
Mater 2015;31:895-900.

31. Suresh S. Fatigue of materials. 2nd ed. Cambridge: Cambridge University
Press; 1998. p. 269.

32. Collins JA. Failure of materials in mechanical design. 2nd ed. New York: John
Wiley & Sons; 1993. p. 383-90.

Corresponding author:
Dr Luiz Felipe Valandro
Federal University of Santa Maria, Faculty of Odontology
Prosthodontic Unit, R. Floriano Peixoto, 1184, 97015-372
Rio Grande do Sul State, Santa Maria
BRAZIL
Email: lfvalandro@hotmail.com

Copyright © 2017 by the Editorial Council for The Journal of Prosthetic Dentistry.
THE JOURNAL OF PROSTHETIC DENTISTRY

l Hospital JC from ClinicalKey.com by Elsevier on February 12, 2018.
 Copyright ©2018. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0022-3913(17)30237-8/sref1
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref1
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref1
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref2
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref2
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref3
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref3
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref4
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref4
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref4
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref5
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref5
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref5
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref6
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref6
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref6
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref7
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref7
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref7
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref7
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref8
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref8
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref9
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref9
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref10
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref10
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref11
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref11
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref12
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref12
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref13
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref13
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref14
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref14
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref14
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref15
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref15
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref15
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref16
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref16
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref16
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref17
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref17
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref17
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref18
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref18
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref18
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref19
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref19
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref20
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref20
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref20
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref21
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref21
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref22
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref22
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref22
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref23
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref23
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref24
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref24
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref25
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref25
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref26
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref26
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref26
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref27
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref27
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref27
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref28
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref28
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref28
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref29
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref29
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref30
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref30
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref30
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref31
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref31
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref32
http://refhub.elsevier.com/S0022-3913(17)30237-8/sref32
mailto:lfvalandro@hotmail.com

	Fatigue failure load of feldspathic ceramic crowns after hydrofluoric acid etching at different concentrations
	Material and Methods
	Results
	Discussion
	Conclusions
	References


