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Abstract
This study aimed to evaluate the effect of three hydrofluoric acid (HF) etching periods on the micro-tensile bond strength 
between two CAD–CAM ceramic systems [Vita Suprinity (VS) and feldspathic CEREC blocs (CB)] and a composite resin. 
The ceramics were categorized into six groups based on the surface conditioning protocol used, as follows: G1: CB-HF 5% 
for 20 s; G2: CB-HF 5% for 40 s; G3: CB-HF 5% for 60 s; G4: VS-HF 5% for 20 s; G5: VS-HF 5% for 40 s; G6: VS-HF 5% 
for 60 s. Scotchbond Universal was applied onto the pretreated ceramic surfaces and covered with Filtek Z350 XT composite 
resin. After 24 h, the specimens were cut into microbars (n = 16) and a micro-tensile bond strength test (μTBS) was carried 
out. An optical microscope was used to examine the fractured microbars. The results showed statistically significant dif-
ferences between the factors tested (p < 0.01). Moreover, the mean MPa of G1(17.27), G2(13.03), G3(12.82), G4(15.83), 
G5(21.66), and G6(14.50) was seen to significantly differ. The predominant failure type observed was adhesive, and all three 
periods of HF etching produced satisfactory bonding between the composite resin and CB. An etching time of 40 s provided 
the highest μTBS value for VS.

Keywords Computer-aided design/computer-aided manufacturing · Feldspar · Lithium disilicate · Zirconia · Hydrofluoric 
acid

Introduction

The use of computer-aided milled techniques for the fabri-
cation of ceramic blocks (CAD/CAM blocks) in restorative 
dentistry has increased substantially since the introduction 
of the CEREC CAD/CAM system into the dental market 
over 25 years ago[1]. This increase in popularity can be 
attributed to lower rates of wear of ceramic restorations [2] 
and long-term clinical success[3].

Feldspathic glass ceramics, the first ceramic used in the 
field of dentistry, exhibit excellent esthetic properties, and 
are suitable for the manufacture of veneers, inlays, onlays, 
and anterior and posterior crowns. However, there have been 

reservations with regard to their ability to withstand mastica-
tory forces in the posterior areas, leading to the development 
of reinforced ceramics (e.g., zirconia-reinforced lithium sili-
cate) that are capable of withstanding greater forces.

Zirconia-reinforced lithium silicates have several advan-
tages including acceptable esthetics and greater ability to 
withstand masticatory forces[4], thus making them suitable 
for the fabrication of inlays, onlays, veneers, anterior and 
posterior crowns, and prosthetic abutments [5]. Furthermore, 
in contrast to pure zirconia composites, these materials 
exhibit acid sensitivity as they contain low concentrations 
(10%) of zirconia and their glass matrices are made up of 
lithium silicate[6].

Effective bonding of ceramic restorations to the dental 
structure is dependent on the use of adhesive bonding sys-
tems [7], the majority of which typically require pre-treat-
ment of the internal surfaces of the ceramic restorations and 
the use of adhesives that can bind with resin cement.

The convenience of self-etching adhesives have made 
them increasingly popular and have also highlighted the 
advantages of universal adhesives designed to bond to 
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tooth structures as well as other materials following self-
etching or etch-and-rinse technique [8]. The latter technique 
mainly relates to the presence of the acidic resin monomer, 
10-MDP, which chemically bonds to metal ions [9].

Both feldspar ceramics and zirconia-reinforced lithium 
silicates exhibit acid sensitivity and are susceptible to hydro-
fluoric acid etching, a technique used to create microme-
chanical retentive surfaces through the formation of super-
ficial irregularities that can interact with resinous materials. 
Feldspar ceramics typically require hydrofluoric acid etching 
for a period of 60 s [10], while zirconia-reinforced lithium 
silicates require it for 20–40 s only[6]. However, it has been 
suggested that shorter or longer acid etching times may 
significantly influence the bond strength between resinous 
materials and the etched substrates.

Hydrofluoric acid etching can also be used to efficiently 
repair fractured or chipped ceramic restorations [11], a com-
mon problem despite the advent of more stable materials 
such as CAD/CAM blocks. Repair systems, in addition to 
altering the physical properties of the restorations, also con-
tain chemical agents such as silane, which are capable of 
increasing bond strength between the resin and ceramic [12], 
thus increasing repair life.

The purpose of this study was to evaluate and compare 
the effect of three different 5% hydrofluoric acid etching 
durations on the micro-tensile bond strength (μTBS) of 
zirconia-reinforced lithium silicate and feldspar-based 
CAD–CAM ceramics to a composite resin to test the hypoth-
esis that micro-tensile bond strength would vary with acid 
etching periods.

Materials and methods

Sample preparation

The materials used in this study have been listed in Table 1. 
This study used a total of 24 previously milled CAD/CAM 
ceramic blocks, of which 12 were made up of Vita Suprin-
ity zirconia-reinforced lithium silicate ceramics and were 
crystallized. The 12 remaining blocks, made up of CB feld-
spar ceramics, did not undergo the crystallization process 
in keeping with the manufacturer’s recommendations. Four 
samples of each ceramic type were placed in the center of 
an acrylic matrix that was 4 cm high and 2 cm in diameter 
using self-curing acrylic resin (Jet, Clássico, São Paulo, SP, 
Brazil). The top face of each ceramic was then removed 
and flattened using a cutting machine with a diamond saw 
(Extec, London, England) at a constant speed of 500 rpm 
and water cooling. Each specimen was polished with a rota-
tional polishing device using 200-, 400-, and 600-grit silicon 
carbide abrasive paper under a steady stream of water to 
form a uniform surface.

The specimens were then divided into six groups based 
on the hydrofluoric acid etching time, as shown in (Table 2).

Specimen preparation and μTBS testing

The samples in each group were conditioned using 5% 
hydrofluoric acid for the relevant period of time, washed 
with running water, and air dried for 5 s. Thereafter, the 
Scotchbond Universal adhesive system was applied for 

Table 1  Materials used in the research

Bis-GMA bisphenol A-diglycidyl dimethacrylate; Bis-EMA ethoxylated bisphenol A dimethacrylate; TEGDMA triethylene glycol dimeth-
acrylate; UDMA urethane dimethacrylate; HEMA hydroxyethyl methacrylate
a The chemical composition information was obtained from the manufacturer’s material safety data sheet

Material Composition Manufacturer Batch#

Zirconia-reinforced (10% by weight) 
lithium silicate ceramic (Vita Suprinity)

Lithium silicate glass ceramic with 10 
(wt%) zirconia  oxidea

VITA Zahnfabrik, Bad Sackingen, 
Germany

48940

Feldspar ceramic cerec blocs Potassium feldspar with average particle 
size 4 µm. Crystalline part less than 20 
(wt%)a

Dentsply/Indústria e Comércio Ltda- 
Petrópolis, RJ, Brazil

80120

Scotchbond universal adhesive Bis-GMA, HEMA, decamethylene 
dimethacrylate, ethanol, water, silane-
treated silica, 2-propenoic acid, meth-
acrylated phosphoric acid, copolymer 
of acrylic and itaconic acid, ethyl-4-di-
methylaminobenzoat, camphorquinone, 
(dimethylamino) ethyl methacrylate, 
methyl ethyl ketone

3 M, St. Paul, MN, USA 1516800384

Z250 composite resin BIS-GMA, BIS-EMA, UDMA with small 
amounts of TEGDMA

3 M, St. Paul, MN, USA 80284930263

Power C etching 5% (HF5%) hydrofluoric 
acid 5%

Hydrofluoric acid, thickener, surfactant, 
water

BM4/Materiais E Instrumentais- Ltda 
Palhoça, SC, Brazil

80563830004
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20 s, followed by a light air blast for 5 s and light-curing 
using 1470 mW/cm2 (Elipar Deep Cure 3M-ESPE, St. Paul, 
MN, USA) for 20 s, as per the manufacturer’s instructions. 
Following application of the adhesive, the composite res-
ins (Filtek 350 XT, 3M-ESPE, St. Paul, MN, USA) were 
placed on the ceramic surface in three layers (each 2 mm 
thick) and each layer was light-cured for 20 s using a silicon 
(3M-ESPE, St. Paul, MN, USA) matrix as a guide.

Finally, the acrylic cylinder was positioned over the com-
posite resin block and filled with a self-curing acrylic resin, 
transforming the sample into a single body within the acrylic 
resin. After 24 h, the specimens were vertically sectioned 
into serial slabs and then into sticks using a water-cooled 
diamond blade on a low speed cutting saw. Sixteen samples 
made up of ceramic/adhesive/resins with cross-sectional 
areas of approximately 0.90  mm2 were obtained for each 
ceramic-surface-treatment combination. The specimens 
were then attached to the universal testing machine (DL-
2000 EMIC, São José dos Pinhais, Brazil) using cyanoacr-
ylate (Super Bonder Gel, Loctite Brazil Ltda, São Paulo, 
Brazil) and stressed to failure with a low cell of 50 N and a 
crosshead speed of 0.5 mm/min. The failure load (N) was 
recorded and the surface area  (mm2) for each sample was 
used to calculate the μTBS in MPa with the help of the Mtest 
software (T-Systems, São Paulo, Brazil).

Failure analysis

The mode of failure was determined by visually examining 
all specimens using an optical microscope at 150 × magni-
fication (Olympus DF, Planapo IX, Tokyo, Japan) immedi-
ately after fracture. The failure modes were classified into 
adhesive failures at the composite resin–ceramic interface, 
cohesive failures within the resin and ceramic blocks, or 
mixed adhesive–cohesive failures, and the predominant fail-
ure pattern was determined using the proportions observed.

Atomic force microscope analysis

To characterize the surface micro-topography, additional 
ceramic plates (5 × 5 × 1 mm) from each group (n = 1/per 

group) were prepared for analysis using an atomic force 
microscope (AFM; Dimension Icon, Bruker, Billerica, 
Massachusetts) with tip model RTESPA 6 (T: 3.75 mm, 
f0:300 kHz, L:125 mm, k: 40 N/m, W: 35 mm) and Peak 
Force Tapping of 60 × 60 μm2. Three-dimensional images 
were generated for each sample using NanoScope Analysis 
1.40 (Bruker, Billerica, Massachusetts).

Statistical analysis

The μTBS values were analyzed using the two-way ANOVA 
(restorative material x etching strategy) test followed by 
post-hoc multiple comparisons using Tukey’s test. A p 
value ≤ 0.05 was considered statistically significant, and all 
analyses were carried out using SPSS v17 (SPSS Inc., Chi-
cago, USA).

Results

The results of the ANOVA test showed that the factors 
“Ceramics” (p = 0.0019), “Time” (p = 0.0006), and their 
interaction were statistically significant (p = 0.0010), while 
Tukey’s test showed significant differences between the 
groups (p < 0.05). The Vita Suprinity 40-s group (group 5) 
exhibited the highest μTBS value and this was significantly 
different from the other groups. No statistically significant 
(p > 0.05) differences were observed between groups 1 
(17.27 MPa), 2 (13.03 MPa), 3 (12.82 MPa), 4 (15.83 MPa), 
and 6 (14.50 MPa), as shown in Table 3.

The AFM images for zirconia-reinforced lithium silicate 
and feldspar-based CAD–CAM ceramics have been shown 
in Fig. 1a–h. After completion of etching, the feldspar-based 
ceramics exhibited a constant topography of peaks and val-
leys, while zirconia-reinforced lithium silicate surfaces 
showed less roughness and a relatively smoother homog-
enous surface. Longer etching times produced increased sur-
face roughness for both materials. These observations reiter-
ate the conditioning characteristics of each ceramic surface, 

Table 2  Division of the specimens into groups based on hydrofluoric 
acid etching time

Group Etching time Ceramic system

1 20 s CEREC bloc CB
2 40 s CEREC bloc CB
3 60 s CEREC bloc CB
4 20 s Vita suprinity VS
5 40 s vita suprinity vs
6 60 s Vita suprinity VS

Table 3  Micro-tensile bond strength and standard deviations exhib-
ited by the different groups

Means followed by distinct superscript letters represent statistically 
significant differences (p < 0.05)

Groups (n = 16) (µTBS) Means Standard 
deviation

Group 1 (20 s) 17.2B 3.83
Group 2 (40 s) 13.03B 5.47
Group 3 (60 s) 12.82B 3.23
Group 4 (20 s) 15.83B 3.99
Group 5 (40 s) 21.66A 5.65
Group 6 (60 s) 14.50B 3.72
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with feldspathic being more susceptible to acid conditioning 
and zirconia exhibiting resistance to it.

Failure type analysis

The frequencies of failure types in each group have been 
shown in Table 4. Adhesive failures were found to be the 
predominant type observed in this study.

Discussion

The results of this study showed that the micro-tensile bond 
strength values of feldspar ceramic CB did not vary with the 
duration of acid etching, while VS ceramics exhibited the 
highest μTBS value after etching for a period of 40 s. There-
fore, our hypothesis that the micro-tensile bond strength of 
CAD/CAM ceramics to composite resin would vary with 
acid etching duration was partially rejected.

No statistically significant differences in μTBS val-
ues were observed when the CB feldspar ceramics were 

conditioned with 5% hydrofluoric acid for 60-, 40-, and 
20-s periods, suggesting that the two shorter etching peri-
ods may be as effective as the traditional 60 s with regard to 
the formation of roughness and irregularities that promote 
micromechanical retention of ceramic surfaces with resin-
ous materials. This was further supported by the fact that 
the AFM images indicated that HF acid applied either for 
20 or 40 s effectively produced the desired surface required 
for resin bonding.

A previous study conducted by Venturini et  al. [10] 
showed that etching feldspar ceramics with different (3, 
5, or 10%) concentrations of hydrofluoric acid for 60 s did 
not influence the stability of the bond strength between the 
ceramic and resinous materials. Murillo-Gomez, Palma 
Dibb, and De Goes[13] demonstrated a penetration depth 
of 403 µm in Empress Cad ceramics when etched with acid 
for 60 s as per the manufacturer’s recommendations, and the 
composition of feldspar ceramics suggest that they may dem-
onstrate a similar pattern. Therefore, as veneers are typically 
approximately 0.3 mm in thickness, it is possible that the 
hydrofluoric acid could leak through the restoration, making 
it more fragile and also leading to long-term color changes. 
This suggests that it may be beneficial to use shorter hydro-
fluoric acid etching durations in such circumstances.

Feldspathic porcelain has been scientifically shown to be 
effective in bonding to resinous materials when etched with 
hydrofluoric acid [14], making it a popular choice for fab-
rication of CAD/CAM blocks. The traditional acid etching 
duration of 60 s, used for most commercial brands of this 
material, typically produces a surface topography resem-
bling honeycombs[15], although Ramakrishnaiah et al. [16] 
reported a faster increase in surface porosity width than 
depth with longer etching durations, resulting in relatively 
large, wide, and shallow pores. This increase in pore width 

Fig. 1  The representative Atomic Force Microscopy (AFM) images 
for the feldspar-based ceramics groups: A Untreated, B 20-s acid 
etching, C 40-s acid etching, D 60-s acid etching and the Zirconia-

reinforced lithium silicate ceramics groups: E Untreated, F 20-s acid 
etching, G 40-s acid etching, H 60-s acid etching

Table 4  Frequencies of failure types after micro-tensile bond strength 
testing

Group Type of failure

Adhesive Mixed Cohesive

G1 14 02 0
G2 14 01 0
G3 11 03 0
G4 15 01 0
G5 14 02 0
G6 09 0 0
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was produced when the glassy phase of the material dis-
solved and disintegrated faster than the crystalline phase, 
suggesting that the composition of the ceramics themselves 
influenced the surface topography obtained after hydrofluo-
ric acid etching for different periods. Also, the protocol to be 
followed for the application of resinous materials on CAD/
CAM blocks must be rigorous and follow the manufacturer’s 
guidelines [17]. A study conducted by Emsermann et al. [18] 
which assessed the adhesive impact of different standard sur-
face pretreatments methods recommended by the manufac-
turers of CAD/CAM composite resins, including HF etching, 
showed that grit blasting had a more favorable effect on the 
adhesive performance on CAD/CAM resins than HF etching 
and tribochemical silica coating. On the other hand, HF etch-
ing of PICN (polymer-infiltrated ceramic network) materials 
plus silane application is considered the preferred surface 
pre-treatment for VITA Enamic, a material which consists 
of 86 wt% feldspathic ceramic and polymeric network (14 
wt%), suggesting a more favorable scenario for HF etching 
when faced with feldspathic ceramic materials.

VS ceramics, made of zirconia-reinforced lithium silicate, 
combine the esthetic properties of lithium silicate with the 
high resistance to masticatory forces exhibited by zirco-
nia, producing an effective restorative material. Moreover, 
they exhibit superior mechanical properties such as hard-
ness, flexural strength, modulus of elasticity, and fracture 
strength when compared to lithium disilicate glass ceram-
ics [5]. Although the manufacturers suggest hydrofluoric 
acid etching for a period of 20 s and Hu et al. [19] dem-
onstrated that this resulted in a relatively smooth surface 
with small notches that could be attributed to the specific 
microstructures formed by thin and densely compacted crys-
tals, the current study found that a longer etching period of 
40 s promoted a significant increase in micro-tensile bond 
strength. Ramakrishnaiah et al. [16] examined the effect of 
prolonged 5% hydrofluoric acid etching periods (40, 80, and 
160 s) on VS ceramics and found that a duration of 40 s pro-
duced increased pore size that appeared as elongated sulci, 
caused by the higher solubility of the glassy phase around 
the lithium silicate crystals. Conversely, etching for 80 and 
160 s resulted in exposure of irregularly oriented crystals 
and formation of scratch-like gaps due to extensive loss of 
the glassy phase. Moreover, some of the crystalline parti-
cles were also seen to be torn. Therefore, the higher bond 
strength values observed after hydrofluoric acid etching for 
40 s could be explained by the formation of a superficial 
topography that favored micromechanical retention.

In contrast, Sato et al. [6] showed no differences in bond 
strength following hydrofluoric acid etching VS for 20 and 
40 s. Traini et al. [4] reported that VS ceramic surfaces 
treated with 4.9% hydrofluoric acid for 20 s produced the 
best results with regard to preservation of the microstruc-
ture, while a duration of 40 s caused surface degradation. 

Increasing the concentration of hydrofluoric acid to 9.5% 
and etching for periods of 20 and 40 s were seen to cause 
progressive surface degradation with significant material 
destruction. Al-Thagafi et al.[20] examined different etch-
ing protocols for this ceramic and reported higher values 
after blasting the material with tribochemical silica and 
silanization. The findings of these studies as well as those 
of the current study suggest that it would be beneficial for 
the manufacturers to review the VS conditioning protocol.

While hydrofluoric acid etching promotes micromechan-
ical retention with resinous materials, silanes provide the 
chemical bonding. Silanes are organofunctional molecules 
[e.g., MPS (3-methacryloxypropyltrimethoxysilane)] that 
contain two functional groups capable of reacting and join-
ing with ceramic and resinous materials. The hydrolyzable 
functional groups react with the silicon-bonded hydroxyl 
groups (Si–OH) present in ceramics, while the organic func-
tional groups react with Bis-GMA and HEMA monomers in 
adhesives and composite resins [21]. With the aim of simpli-
fication, Scotchbond adhesives contain silane in their com-
position to avoid the additional step of silane application. 
However, previous studies have shown that prior application 
of silanes on hydrofluoric acid etched ceramics increased 
bond strength when Scotchbond Universal adhesives were 
used. Therefore, this procedure may be indicated for cemen-
tation and repair of silica-based ceramic restorations.

The increased use of ceramic restorations in dentistry 
has produced a demand for fracture repair protocols, and 
it is well known that successful repair of such restorations 
require hydrofluoric acid etching of the ceramic surfaces. 
Repair systems, in addition to promoting physical changes in 
ceramics, also have chemical agents that promote chemical 
adhesion of resins with ceramics [12]. Previous studies have 
reported a range of bond strength values observed following 
application of silanes to the conditioned ceramic surfaces, 
and this procedure has also been reported to increase the 
longevity of the repairs [22]. Alternative conditioning meth-
ods are available for zirconia systems, and Tokar et al. [23] 
demonstrated that repair bond strength could be increased 
by the application of Er, Cr: YSGG lasers with different 
pulses. Furthermore, it is essential to identify and eliminate 
the cause of breakage prior to commencing repair.

A systematic review of protocols for restoration repair [24] 
showed that certain clinical steps such as surface roughen-
ing using a diamond bur, hydrofluoric acid etching of silicate 
ceramics, and application of an adhesive/bonding agent were 
consistently recommended, while mechanical surface condi-
tioning techniques such as air abrasion using aluminum oxide 
or silica-coated aluminum oxide were recommended for spe-
cific materials only. Based on the findings of the current study, 
conditioning of feldspar ceramics for 20 s and VS for 40 s fol-
lowed by application of silane and adhesives on the fractured 
ceramic is recommended prior to replacement of the missing 
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part with direct composite resin. It is also essential to empha-
size the protective measures required when repairing ceram-
ics intraorally. The use of 5% hydrofluoric acid for porcelain 
repair has been discussed regarding its safety [25]. Precautions 
as the need for the use of protective glasses for patient and 
dental team, tight rubber-dam isolation, defective surface easy 
to control and away from gingival margins, thoroughly rinsing 
and suction are some necessary measures. Once 5% HF is an 
affordable and accessible product for clinicians to use when 
faced to the need of intraoral repair of ceramic restorations 
[26].

In the present study, adhesive failures were most frequently 
observed (90%), necessitating evaluation of the bonding inter-
face in most specimens. This high prevalence of adhesive fail-
ures could be attributed to the micro-tensile testing method-
ology selected. This method typically uses specimens with 
small areas, resulting in even distribution of forces applied 
at the joint interface level and reduction of cohesive fractures 
in the substrates [27]. Pashley et al. [28] reported that one of 
the main advantages of micro-tensile testing was the possibil-
ity of determining the location of almost exclusively adhesive 
failures at the interface, thus allowing analysis of the real bond 
strength at the bond-interface level.

Since VS ceramics exhibited superior bond strength val-
ues compared to feldspathic ceramics in the current study, 
their use in the preparation of restorations is recommended. 
Moreover, simplification of the cementation protocol by 
hydrofluoric acid etching of CB feldspar ceramics for a 
period of 20 s to produce surfaces favorable for micro-reten-
tion of the adhesive material is also recommended.

In conclusion, within the limitations of this study, feld-
spar ceramic blocks etched for 20, 40, and 60 s using 5% 
hydrofluoric acid resulted in effective bonding to the com-
posite resin. Moreover, hydrofluoric acid etching of VS 
ceramics for a period of 40 s provided the highest bond 
strength value with composite resin.
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