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This in vitro study aimed to assess the influence of different concentrations and
durations of hydrofluoric acid (HF) and Monobond Etch & Prime (MEP) etching
on the surface roughness (Ra) of different CAD/CAM materials and on the shear
bond strength (SBS) of a self-adhesive resin bonded to the materials. Seventy speci-
mens of hybrid ceramic, leucite-based glass-ceramic, lithium disilicate glass-ceramic,
and zirconia-reinforced lithium silicate glass-ceramic were prepared and divided into
seven groups according to the surface treatments: Control (C); MEP etching for 60
(MEP60) and 120 (MEP120) s; 5% HF etching for 60 (HF-5%60) and 120 (HF-
5%120) s; 9.5% HF etching for 60 (HF-9.5%60) and 120 (HF-9.5%120) s. The Ra

was measured using a 3D profilometer. All groups were treated with a universal pri-
mer except for the C, MEP60, and MEP120 groups. A self-adhesive resin cement was
bonded to all specimens, and the bond strengths were measured using a universal
testing machine. All surface treatments increased both Ra and SBS values compared
to the control in each material. Neither the duration of surface treatments nor the
HF acid concentrations had a statistically significant effect on SBS. Within the limi-
tations of this experimental study, it can be concluded that Monobond Etch &
Prime may be a preferable method to achieve high bond strength values.
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All-ceramic restorations have become essential in dental
practices because of their biocompatibility, improved
mechanical performance, and exceptional esthetic prop-
erties (1,2). The development of CAD/CAM (Com-
puter-aided design/ computer-aided manufacturing)
technologies has revolutionized the manufacturing pro-
cess by standardizing restorations and eliminating
human error (1,3,4). This system facilitates the use of a
wide variety of restorative materials, including felds-
pathic ceramics, aluminum oxide, yttria-stabilized
tetragonal zirconia polycrystal (Y-TZP), leucite-rein-
forced glass ceramics, lithium disilicate glass ceramics,
and composite blocks (5).

Lithium disilicate ceramic restorations have gained
popularity for prosthetic restorations, including single
crowns and three-unit fixed partial dentures (6). The
clinical trials have proven a high success rate for this
restorative material (7). In recent years, a new CAD/
CAM ceramic material was manufactured to combine
the esthetic properties of lithium disilicate and the

mechanical properties of zirconia (8). Zirconia-rein-
forced lithium silicate glass-ceramic is composed of
10% of zirconia in terms of its weight, and these zirco-
nia particles are dissolved inside the metasilicate glassy
matrix (9-11). According to the manufacturer, the
homogeneous distribution of zirconia particles
improves material strength and finishing (12).

Composite resin materials have advantages over
ceramics, including ease of finishing, less wear of
opposing enamel and dentin, and ease of fabrication
and repair. However, they are softer and wear faster
than ceramic restorations (13). To overcome the
adverse characteristics of ceramics, such as brittleness
and rigidity, composite resin blocks with enhanced
properties have been developed that can be processed
with CAD/CAM (14). Recently, an original material
class called polymer-infiltrated ceramic network (PICN)
that combines the advantages of ceramics and the com-
posite resins used with CAD/CAM systems has been
developed (13,15). A hybrid ceramic, a member of this
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new class, contains 86% ceramic and 14% acrylate
polymer network [urethane dimethacrylate (UDMA)
and triethylene glycol dimethacrylate (TEGDMA)] in
weight (2,16,17). This material has been recognized to
have better machinability and fracture toughness,
enhanced flexibility, and decreased brittleness, hardness,
and rigidity compared to ceramics (13,18,19).

The long-term survival and success of indirect
restorations produced with CAD/CAM systems are
dependent on the adhesion between the tooth structure
and the restoration material (20,21). Hydrofluoric acid
(HF) etching with subsequent silane application is con-
sidered as the gold standard while using glass ceramics
(5) to enhance the chemical adhesion between the
restoration and the resin cement (22,23). HF selectively
removes the glassy phase and exposes the crystalline
structure (5), while silane promotes adhesion (24) by a
reaction between the organofunctional groups of silane
and the functional groups of the resin cement (25).
However, there are disputes concerning the concentra-
tion and duration of HF (18). It has been reported that
depending on the concentration and duration of HF,
mechanical resistance of ceramics may decrease (26).

The conventional surface treatment and bonding
techniques require many steps and a sensitive approach
(27). A novel self-etching primer [Monobond Etch &
Prime (MEP); Ivoclar Vivadent, Schaan, Liechtenstein]
was recently launched that simplifies the bonding pro-
cedure by combining etching and silane application in
one bottle (22,28). The primer also contains tetrabuty-
lammonium dihydrogen trifluoride as the etchant (2) to
eliminate the possible toxic effects of HF (5,21,22).

Several papers have studied the effects of HF etching
with different durations and concentrations on felds-
pathic ceramic (3,29,30), which is the main component
of hybrid ceramic (19). Nevertheless, few studies have
examined the impact of surface treatments on the adhe-
sion between CAD/CAM processed hybrid ceramics
and resin cement (31-33). Regarding surface treatments
of innovative hybrid ceramics, only a few studies
(2,5,34) have used MEP as a pre-treatment. Prolonged
HF etching has been shown to increase the surface
roughness (2,35). No studies on the effect of MEP with
prolonged application of HF have been found. There-
fore, the purpose of this study was to investigate and
estimate the effects of a new glass-ceramic primer and
different HF concentrations with prolonged durations
on the surface roughness (Ra) and shear bond strength
(SBS) of four CAD/CAM restorative materials.

Material and methods

Calculation of the number of specimens needed in each
group was based on previous studies, in which power anal-
ysis was performed for a 95% confidence level (2,23). Two
hundred eighty ceramic samples were prepared from four
CAD/CAM material blocks (n = 70 per CAD/CAM
restorative material) using a low-speed diamond saw (Iso-
Met 1000; Buehler, Lake Bluff, IL, USA) under water-
cooling. The manufacturers and the compositions of the

CAD/CAM blocks used in this study are presented in
Table 1. Ceramic samples obtained from zirconia-rein-
forced lithium silicate glass-ceramic (Vita Suprinity; Vita
Zahnfabrik, Bad Säckingen, Germany), and lithium disili-
cate glass-ceramic (IPS e.max CAD; Ivoclar Vivadent,
Schaan, Liechtenstein) blocks were fully crystallized
according to the manufacturers’ recommendations. All
specimens were then embedded in a self-curing acrylic
resin (Meliodent; Bayer Dental, Newbury, UK) and
ground with silicone-carbide (SiC) abrasive papers (200,
400, 600, 800, and 1,000 grit) to obtain standardized
smooth surfaces. An ultrasonic cleaner (Whaledent Bioso-
nic; Whaledent, New York, NY, USA) was used to
remove any remaining residues. The samples were divided
into seven groups according to the surface treatments per-
formed: no treatment (C), etching with MEP for 60 s (20 s
of application and 40 s of reaction time; MEP60) and
120 s (40 s of application and 80 s of reaction time;
MEP120), etching with 5% HF (IPS Ceramic etching gel;
Ivoclar Vivadent) and 9.5% HF (Bisco Porcelain Etchant;
BISCO, Schaumburg, IL, USA) for 60 s (designated HF-
5%60, respectively HF-9.5%60) and 120 s (designated HF-
5%120, respectively HF-9.5%120).

Scanning electron microscopy (SEM) and atomic
force microscopy (AFM) evaluation

One additional sample from each group was examined
using a scanning electron microscope (EVO LS-10; Zeiss,
Cambridge, UK) at 20 kV (5,000 × magnification) and
atomic force microscopy (NTEGRA Solaris; NTMDT,
Moscow, Russia) for morphology. For the AFM, a gold-
doped silicon tip (40 μm; 0.01 to 0.025 Ω�cm) was used in
non-contact mode. Digital images of 20-μm × 20-μm were
acquired at a low scanning frequency (1 Hz) for each spec-
imen surface.

Surface roughness evaluation

The Ra values in μm of all surface-treated ceramic speci-
mens were measured with a 3D profilometer (Nanomap -
500LS; AEP Technology, Santa Clara, CA, USA). The
scan distance was 500 μm, and the scan speed was
40 μm s−1.

Bonding and testing procedures

The ceramic samples were subsequently cleaned with 96%
isopropanol for 180 s in an ultrasonic cleaner and air-
dried. All specimens, except for those etched using MEP
and those in the control group, were treated with a silane
coupling agent (Monobond Plus; Ivoclar Vivadent) using a
microbrush for 60 s. Teflon molds (3 mm in height and
3 mm in diameter) were used to fabricate standardized
resin cylinders. A self-adhesive resin cement (RelyX U200;
3M ESPE, St. Paul, MN, USA) was bonded to all speci-
mens according to the manufacturer’s recommendations.
An LED-curing unit (1,200 mW cm−2, Bluephase; Ivoclar
Vivadent) was applied for 40 s for light polymerization,
after which, the Teflon molds were gently removed. The
specimens were then subjected to thermocycling for 5,000
cycles between 5°C and 55°C with a dwell time of 25 s
before SBS testing.

The SBS values of the specimens were obtained follow-
ing shear load measurements using a universal testing
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machine (TSTM 02500; Elista, Istanbul, Turkey) at a
crosshead speed of 0.5 mm min−1 via a knife-edge rod.
The following formula was used to calculate the SBS val-
ues:

SBS MPað Þ¼ Shear Load Nð Þ
Surface Area mm2ð Þ

Statistical analysis

The Ra and SBS data were statistically analyzed using
SPSS 21 (SPSS, Chicago, IL, USA) and STATA 16 (Stata-
Corp, College Station, TX, USA) software. Normal dis-
tribution and homogeneity of variances were evaluated
by Kolmogorov-Smirnov and Levene tests, respectively.
A dummy variable linear regression analysis was used to
estimate the effects of the surface treatments and the
CAD/CAM materials on the outcomes Ra and SBS
using the control treatment (no treatment) as the refer-
ence for the surface treatment and the lithium disilicate
glass–ceramic material as the reference for the CAD/
CAM material. The regression models were evaluated
using a robust estimation method, and model fit was
evaluated using the adjusted R2. Data were also ana-
lyzed by two-way analysis of variance (ANOVA), followed
by Tukey’s HSD (for homogeneous variances) or Tam-
hane’s T2 tests (for non-homogeneous variances) for
pairwise comparisons among groups. Finally, Pearson’s
correlation analysis was performed to define the relation
between SBS and Ra. The significance level was set as
α = 0.05 for the ANOVA tests.

Results

Surface roughness analysis

Linear regression analysis of the Ra values as a func-
tion of CAD/CAM material and surface treatment
showed that the untreated lithium disilicate glass-ce-
ramic had an Ra of 0.32 μm [95% CI = (0.27–0.37)]
(Table 2). Leucite-based glass-ceramic had a slightly
lower Ra value than lithium disilicate glass-ceramic
(−0.05 μm), while the hybrid ceramic had Ra values
that were considerably lower (−0.17 μm). Zirconia-rein-
forced lithium silicate glass-ceramic, however, showed
higher Ra values than the control (0.07 μm). All surface
treatments led to higher Ra values (in the order of mag-
nitude of 0.21–0.49 μm) than the control (Table 2).
However, statistically significant interactions between
material and surface treatments were present, and in
particular, zirconia-reinforced lithium silicate glass-ce-
ramic in combination with MEP120, HF-5%60, HF-
9.5%60, or HF-9.5%120 showed markedly higher Ra

values (by 0.14–0.31 μm) than other combinations of
materials. Table S1 presents the mean Ra values and
standard deviation estimates for each combination of
CAD/CAM material and surface treatment. All materi-
als other than lithium disilicate glass-ceramic etched
with 9.5 % HF acid for 120 s showed higher Ra values
than those treated with MEP (P < 0.05). For each
material, the duration of MEP was statistically insignif-
icant (P > 0.05).

Table 1

List of ceramics used

Material Classification Chemical composition (wt%) Manufacturer

Vita enamic Hybrid ceramic Ceramic (86)
SiO2 (58–63)
Al2O3 (20–23)
Na2O (6–11)
K2O (4–6)
Other oxides
Polymer (14)
UDMA and TEGDMA

Vita Zahnfabrik,
Bad Säckingen,
Germany

IPS empress CAD Leucite-based glass-ceramic SiO2 (60–65)
Al2O3 (16–20)
K2O (10–14)
Na2O (3.5–6.5)
Other oxides

Ivoclar Vivadent,
Schaan, Liechtenstein

IPS e.max CAD Lithium disilicate glass-ceramic SiO2 (57–80)
Li2O (11–19)
K2O (0–13)
P2O5 (0–11)
ZrO2 (0–8)
ZnO (0–8)
Other oxides

Ivoclar Vivadent,
Schaan, Liechtenstein

Vita suprinity Zirconia-reinforced lithium silicate glass-ceramic SiO2 (56–64)
Li2O (15–21)
ZrO2 (8–12)
P2O5 (3–8)
K2O (1–4)
Al2O3 (1–4)
Other oxides

Vita Zahnfabrik,
Bad Säckingen,
Germany
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Scanning electron microscopy and AFM analysis

Scanning electron microscopic images and AFM images
of the treated surfaces of the samples are shown in
Fig. 1. Surface untreated specimens (Control) presented
a smoother and more homogenous surface texture than
the other surface treatment methods for all ceramic

sections. Surface topography was affected by the
increase in the concentration of HF. Also, HF etching
exhibited more noticeable irregularities than those of
MEP etching. Due to the dissolution of the glassy
phase, micro-porosities, grooves, and striations were
dominant. The microstructure of etched hybrid ceramic
surfaces was characterized by the persisting resin
matrix, while a dense layer of microcrystals was pre-
dominant on zirconia-reinforced lithium silicate glass-
ceramic. In agreement with the Ra results, lithium disili-
cate glass-ceramic surfaces, etched with 9.5% HF for
120 s, exhibited deeper and larger recessions than those
treated with other surface treatments, as seen in the
SEM images (Fig 1). The grooves and irregularities on
the surface of leucite-based glass-ceramic treated with
9.5% HF were more evident than those treated with
5% HF. For each restorative material, there were no
prominent differences in surface topography between
the MEP applications of different durations.

Shear bond strength analysis

The statistical results of the linear regression model for
SBS are shown in Table 2. The SBS value for the
untreated lithium disilicate glass-ceramic was 7.25 MPa
(95% CI 6.84–7.66). Hybrid ceramic had a statistically
significantly lower bond strength than lithium disilicate
glass-ceramic [−1.07 MPa, 95% CI = (−1.91, −0.23)],
whereas the other materials did not differ from the
lithium disilicate glass-ceramic. All surface treatments
led to higher bond strength, most pronouncedly for
9.5% HF at either exposure time (9.26 and 9.42 MPa,
respectively) (Table 2). However, there were significant
interactions between material and surface treatment
such that the bond strength decreased by
1.36–2.09 MPa when the materials were combined with
9.5% HF treatment, as well as the zirconia-reinforced
lithium silicate glass-ceramic when combined with 5%
HF treatment (Table 2). Table S2 shows the mean SBS
values and the standard deviations. For each restora-
tive material, the surface untreated specimens presented
the lowest SBS values (P < 0.05). There was no statisti-
cally significant difference between specimens treated
with 5% and 9.5% HF (P > 0.05). The duration of sur-
face treatments did not statistically significantly affect
the SBS values of each material. There was no statisti-
cal difference between zirconia-reinforced lithium sili-
cate ceramic specimens treated with MEP60, HF-5%60,
and HF-5%120, whereas specimens from the other
materials etched with 5% HF showed higher SBS val-
ues than when they were treated with MEP60. For all
materials other than lithium disilicate glass-ceramic, no
significant difference was found between specimens
treated with MEP120 and HF-5%60.

Correlation analysis

Based on Pearson’s correlation (r) analysis, a meaning-
ful positive correlation between Ra and SBS was
observed for hybrid ceramic (r = 0.504, P < 0.001), leu-
cite-based glass-ceramic (r = 0.581, P < 0.001), lithium

Table 2

Results of the linear regression modeling of Ra and SBS values
as a function of Material and Surface treatment

Ra (μm) SBS (MPa)
Coef. (95% CI) Coef. (95% CI)

Material
Lithium disilicate
glass-ceramic

0 (base) 0 (base)

Leucite-based
glass-ceramic

−0.05 (−0.12, 0.01) −0.44 (−0.96, 0.09)

Hybrid ceramic −0.17 (−0.23, −0.12) −1.07 (−1.91, −0.23)
Zirconia-
reinforced lithium
silicate glass-
ceramic

0.07 (0.01, 0.13) 0.59 (−0.02, 1,20)

Surface treatment
Control (no
treatment)

0 (base) 0 (base)

MEP60 0.26 (0.16, 0.35) 5.29 (4.37, 6.21)
MEP120 0.21 (0.14, 0.28) 5.16 (4.44, 5.88)
HF-5%60 0.22 (0.12, 0.32) 8.27 (7.31, 9.24)
HF-5%120 0.29 (0.17, 0.40) 7.97 (7.22, 8.72)
HF-9.5%60 0.32 (0.23, 0.40) 9.26 (8.30, 10.21)
HF-9.5%120 0.49 (0.37, 0.61) 9.42 (8.75, 10.09)
Material * Surface
treatment
Leucite-based
glass-ceramic
MEP60 0.01 (−0.11, 0.13) 0.36 (−0.77, 1.48)
MEP120 −0.01 (−0.11, 0.09) 1.64 (0.55, 2.72)
HF-5%60 −0.05 (−0.17, 0.07) −0.39 (−1.59, 0.80)
HF-5%120 −0.11 (−0.24, 0.03) −0.22 (−1.15, 0.71)
HF-9.5%60 −0.00 (−0.12, 0.12) −1.51 (−2.74, −0.28)
HF-9.5%120 −0.04 (−0.17, 0.09) −1.36 (−2.32, −0.40)
Hybrid ceramic
MEP60 −0.13 (−0.23, −0.03) 0.91 (−0.42, 2.23)
MEP120 0.02 (−0.09, 0.13) 1.29 (0.12, 2.46)
HF-5%60 −0.07 (−0.17, 0.04) −0.58 (−1.93, 0.78)
HF-5%120 −0.04 (−0.16, 0.09) 0.49 (−0.84, 1.82)
HF-9.5%60 0.16 (0.05, 0.27) −2.04 (−3.30, −0.77)
HF-9.5%120 −0.00 (−0.15, 0.15) −1.96 (−3.15, −0.76)
Zirconia-
reinforced lithium
silicate glass-
ceramic
MEP60 0.04 (−0.08, 0.16) −0.09 (−1.39, 1.20)
MEP120 0.14 (0.04, 0.23) −0.39 (−1.60, 0.83)
HF-5%60 0.31 (0.17, 0.45) −1.94 (−3.31, −0.57)
HF-5%120 0.07 (−0.10, 0.25) −1.33 (−2.60, −0.05)
HF-9.5%60 0.27 (0.13, 0.42) −2.09 (−3.35, −0.83)
HF-9.5%120 0.16 (0.00, 0.31) −1.55 (−2.59, −0.51)
Constant 0.32 (0.27, 0.37) 7.25 (6.84, 7.66)

Adj. R2 for Ra model: 0.80; adj. R2 for SBS model: 0.88; CI: Con-
fidence Interval; Coef.: Beta coefficient; _Constant: Estimated
value for untreated lithium disilicate glass-ceramic. Estimates
given in bold face are statistically significantly different from 0.
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disilicate glass-ceramic (r = 0.611, P < 0.001), and zir-
conia-reinforced glass-ceramic (r = 0.737, P < 0.001).
Scatterplots showing the relationship between Ra and
SBS values for each material are shown in Fig. 2.

Discussion

The results of this study indicate that surface treat-
ments showed different effects on the Ra and SBS val-
ues of different CAD/CAM restorative materials.
Prolonged duration of application and higher concen-
tration of HF did not produce noticeably different SBS
values. MEP application was found to be an effective
surface treatment method, as it markedly increased Ra

and SBS values compared to the controls.
The effectiveness of surface treatments can be

expressed by several parameters, such as Ra, surface
energy, and bond strength (34). Similar to the conclu-
sions obtained by previous researchers (3,36,37), this
study found that HF etching promoted the Ra of all
ceramic sections compared to the control groups. There
is a direct relation between etching duration and the
area of interaction, and this leads to greater involve-
ment of the whole surface (3,36). RAMAKRISHNAIAH

et al. (3) and ZOGHEIB et al. (35) studied the effects of
different durations of HF etching on various dental
ceramics. They showed a positive relation between etch-
ing duration and Ra, in addition to wettability. Accord-
ing to PROCHNOW et al. (38), there was no statistical
difference in terms of Ra for lithium disilicate glass-ce-
ramic etched with different concentrations of HF. How-
ever, SEM and AFM images presented surface-treated
groups with different surface characteristics, which
complies with the results of our study.

Hybrid ceramic sections etched with 9.5% HF
showed statistically higher Ra values than samples trea-
ted with 5% HF. Increasing the application time of 5%
HF also resulted in a significant increase in Ra. A
recent study by MIRANDA et al. (19) has shown that
increasing the etching duration of HF or the etchant
concentration had no significant effect on the Ra of a
hybrid ceramic. These contradicting results may be the
result of testing different etching materials and different
application times. Also, materials treated with MEP60,
MEP120, and HF-5%60 presented similar Ra values.
These results are consistent with several other studies
(1,2,5). In a previous study (39), hybrid ceramic and
zirconia-reinforced glass-ceramic sections etched with
5% HF for 60 s presented similar surface

Fig 1. Representative microscopy images of the tested groups (1:SEM, 2:AFM): (a) hybrid ceramic, (b) leucite-based glass-ce-
ramic, (c) lithium disilicate glass-ceramic, (d) zirconia-reinforced lithium silicate glass-ceramic. [Colour figure can be viewed at
wileyonlinelibrary.com]
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characterization to the samples in our study. Based on
the SEM images of the present study, it can be con-
cluded that surface characteristics are treatment depen-
dent (Fig 1).

MURILLO-GOMEZ & DE GOES (1) showed that etching
hybrid ceramic with 5% HF for 60 s produced a more
irregular surface compared to MEP etching. Another
study by MURILLO-GOMEZ et al. (2) reported that leu-
cite-based glass-ceramic, lithium disilicate glass-ceramic,
and hybrid ceramic samples treated with 10% HF for
60 s presented higher mean Ra values compared to
MEP etching. Similarly, a higher concentration of HF
resulted in higher surface roughness values. Both find-
ings comply with the results of our study.

In the present study, zirconia-reinforced lithium sili-
cate glass-ceramic exhibited higher Ra values than other
restorative materials. Moreover, this material showed
the highest correlation between the dependent variables
(Ra and SBS) (73.7%). A previous study by SATO et al.
(37) reported that HF etching is an effective pre-treat-
ment for zirconia-reinforced lithium silicate ceramic to
obtain higher surface roughness values. In the current
study, the difference in Ra values of zirconia-reinforced
lithium silicate ceramic could be attributed to the
unique structure of the material, which is different from
other materials because it contains both silica and zir-
conia. Owing to the difference in composition of the
CAD/CAM materials used, the effectiveness of the
etching agents might also be different.

There was no statistical difference in SBS between
groups HF-5%60 (15.53 MPa, SD 1.40), HF-5%120

(15.22 MPa, SD 1.01), HF-9.5%60 (16.51 MPa, SD
1.39), and HF-9.5%120 (16.67 MPa, SD 0.86) for
lithium disilicate specimens in the present study. This
result complies with the study of PUPPIN-RONTANI et al.
(40), who showed that the etching of lithium disilicate
ceramics with HF acid concentrations of 5%, 7.5%,
and 10% provided statistically significantly higher SBS
values than the use of 1% and 2.5% HF acid, regard-
less of the etching duration (20, 40, 60, and 120 s).
However, there was no statistical difference between
5%, 7.5%, and 10% HF acid etching groups. Another
study by VERISSIMO et al. (23) presented results showing
that 60 s of HF etching of lithium disilicate glass-ce-
ramic sections did not result in statistically different
SBS values than observed for samples etched for 20 s.
This result complies with the study by MOKHTARPOUR

et al. (4). Given the hazardous nature of HF (40), it is
essential to determine the ideal concentration and dura-
tion of HF that can provide acceptable SBS values.
Considering the findings of our study, it is possible to
say that using 5% HF instead of 9.5% HF for etching
is sufficient, as there was no statistical difference
between HF etched groups for all ceramic types.

In a previous study by ROMAN-RODRIGUEZ et al. (28),
MEP-treated lithium disilicate ceramic samples were
shown to result in bond strength values similar to those
observed for 4.9% HF etched sections. In contrast, the

Fig 2. Scatter/dot graphs of surface roughness (Ra) and shear bond strength (SBS) values: (a) hybrid ceramic, (b) leucite-based
glass-ceramic, (c) lithium disilicate glass-ceramic, (d) zirconia-reinforced lithium silicate glass-ceramic. [Colour figure can be
viewed at wileyonlinelibrary.com]
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HF-5%60 and HF-5%120 treatments in the present study
resulted in higher SBS values (15.53 MPa, SD 1.40 and
15.22 MPa, SD 1.01) than MEP60 and MEP120 treat-
ments (12.54 MPa, SD 1.32 and 12.41 MPa, SD 0.95),
which may be associated with longer HF etching dura-
tions than used in the study of ROMAN-RODRIGUEZ et al.
(28). These results are parallel to the findings of EL-
DAMANHOURY & GAINTANTZOPOULOU (5). However, EL-
DAMANHOURY & GAINTANTZOPOULOU (5) also showed no
statistical difference in SBS values for hybrid ceramic
sections etched with 4.8% HF or MEP, while the pre-
sent study showed that treatment with 5% HF for 60 s
resulted in higher SBS values than treatment with MEP
for 60 s. This difference might be attributed to the differ-
ent resin cement used in our study.

Leucite-based glass-ceramic sections treated with HF-
9.5%60 (14.56 MPa, SD 1.12) and HF-9.5%120

(14.87 MPa, SD 0.96) yielded statistically significantly
higher SBS values than MEP60 (12.46 MPa, SD 0.89),
whereas no statistical difference was found with speci-
mens treated with MEP120 (13.61 MPa, SD 1.19). This
result contradicts the results of the study of AL-HARTHI

et al. (27), who compared the SBS values of leucite-
based ceramic specimens etched with MEP and 9.6%
HF followed by two different silanes and found no sta-
tistically significant difference between the surface treat-
ments. This contradiction could be the result of our use
of a different silane agent. Furthermore, our observa-
tion of no statistically significant difference in SBS val-
ues between leucite-based sections treated with 5% HF
for 60 s (14.70 MPa, SD 1.00) and those treated with
9.5% HF for 60 s (14.56 MPa, SD 1.12) corroborates
the findings of VERISSIMO et al. (23).

Within each type of ceramic, no statistically significant
difference was observed between the specimens treated
with MEP for 60 or 120 s. This study is believed to be
the first time MEP was investigated with such parame-
ters (40 s of application and 80 s of reaction time). A
previous study by ALSHIHRI (22) reported similar results
to our study, as no significant difference of SBS was
reported between MEP etched samples of standardized
application (20 s) and different reaction times (40, 80,
and 120 s). A recent study has also shown that pro-
longed application of MEP had no significant effect on
the SBS of lithium disilicate glass-ceramic compared to
the use of the manufacturer’s recommended application
times (20 s of application and 40 s of reaction time). An
interesting result of that study was that the statistical
difference in SBS values between the specimens treated
with 5% HF followed by silane and those treated with
MEP (60 s of application and 40 s of reaction time),
favored the samples treated with MEP (41). Even so, in
the present study, lithium disilicate glass-ceramic speci-
mens treated with MEP demonstrated significantly lower
SBS values than those treated with 5% HF. Future
studies exploring different application and reaction times
might be useful to come to a definite conclusion about
the duration of MEP.

A limitation of the present study was the testing
method chosen. SBS testing is a widely preferred
method because there is no further specimen processing

required after the bonding procedure. However, this
static method has its shortcomings related to the vari-
ables of test specimens, preparation procedures, and
test mechanics (42). Also, this testing method has the
potential of creating localized high stress areas due to
the uneven distribution of load, which results in SBS
values lower than the actual stress (5). Another limita-
tion is that we tested only two different concentrations
of HF and one type of resin cement. Testing multiple
resin cement types, including self-cured and light-cured
cement, with MEP might be an intriguing subject.

Hydrofluoric acid etching with subsequent silane
application has cemented its position as the gold stan-
dard of surface treatments for glass ceramics. However,
the toxicity and volatility of HF still raise questions
regarding the intraoral use of this material. Commer-
cially available CAD/CAM restorative materials have
been treated with different concentrations and durations
of HF, and yet, altering the procedure did not result in
statistically significant differences. MEP etching can be
considered a promising surface treatment method, as it
markedly increased SBS values. Moreover, MEP etching
with increased application and reaction times resulted in
SBS values comparable to those observed with 5% HF
etching with a duration of 60 s for all materials other
than lithium disilicate glass-ceramic.

Further studies with different static or dynamic test-
ing methods evaluating the mechanical or optical prop-
erties of CAD/CAM materials pretreated according to
the parameters set in our study would help interpreta-
tion and generalization of the effects of MEP and HF.
Moreover, the results obtained should be supported by
further clinical evidence.
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