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Repair bond strength of resin composite to 
bilayer dental ceramics
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PURPOSE. The purpose of this study was to investigate the effect of various surface treatments (ST) on the shear 
bond strength of resin composite to three bilayer dental ceramics made by CAD/CAM and two veneering 
ceramics. MATERIALS AND METHODS. Three different bilayer dental ceramics and two different veneering 
ceramics were used (Group A: IPS e.max CAD+IPS e.max Ceram; Group B: IPS e.max ZirCAD+IPS e.max Ceram, 
Group C: Vita Suprinity+Vita VM11; Group D: IPS e.max Ceram; Group E: Vita VM11). All groups were divided 
into eight subgroups according to the ST. Then, all test specimens were repaired with a nano hybrid resin 
composite. Half of the test specimens were subjected to thermocycling procedure and the other half was stored 
in distilled water at 37°C. Shear bond strength tests for all test specimens were carried out with a universal 
testing machine. RESULTS. There were statistically significant differences among the tested surface treatments 
within the all tested fracture types (P<.005). HF etching showed higher bond strength values in Groups A, C, D, 
and E than the other tested ST. However, bonding durability of all the surface-treated groups were similar after 
thermocycling (P>.00125). CONCLUSION. This study revealed that HF etching for glass ceramics and 
sandblasting for zirconia ceramics were adequate for repair of all ceramic restorations. The effect of ceramic type 
exposed on the fracture area was not significant on the repair bond strength of resin composites to different 
ceramic types. [ J Adv Prosthodont 2018;10:101-12]
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INTRODUCTION

Ceramic materials for CAD/CAM technology can be divid-
ed into two subgroups: polycrystalline ceramics and glass 
ceramics.1 Glass ceramics have improved over the years in 
their compositions and processing techniques.2 The dental 

ceramics that offer a combination of  adequate translucency 
and improved mechanical strength are one of  the research 
areas of  the dentistry.3 A new group of  CAD/CAM ceram-
ics has recently been introduced: zirconia-reinforced lithium 
silicate (ZLS) glass ceramics.3,4 ZLS materials comprise a 
lithium-silicate glass ceramic that is strengthened with 8 - 
12% zirconia crystals.5 Manufacturers claim that the addi-
tion of  8 - 12% of  zirconia could act as a crystal phase that 
can strengthen the material and prevent crack propaga-
tion.2,6 The ZLS represents an attempt to combine resis-
tance of  polycrystalline ceramics with the esthetic proper-
ties of  glass ceramics.2 Although these ceramics are still rela-
tively new to the dental market, in vitro testing reports dem-
onstrated that they have excellent optical and physical prop-
erties similar to lithium disilicate glass ceramics.1,2,5 However, 
there are a few in vivo studies that reveal details of  the 
mechanical behavior and bonding performance of  resin 
composite to ZLS CAD/CAM blocks.1,2

Lithium disilicate and ZLS glass ceramics could be pre-
pared as monolithic and bilayer restorations.2,7 Beside the 
advantages of  the usage of  CAD/CAM restorations as 
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monolithic, bilayer manufacturing is still preferred in anteri-
or restorations.8 

All-ceramic restorations are known to be prone to frac-
ture.9 The usage of  ceramics as monolithic or bi-layer may 
be related to mechanical complications encountered.10 
Fracture of  veneering ceramics still remains the primary 
cause of  all-ceramic crown failures.11 Although the data are 
not clear as to how fractures occur, delamination with the 
exposure of  core ceramic and minor chipping are the most 
frequent reasons for all ceramic restoration failures.12-14

The fractured all ceramic restorations can be repaired 
with intraoral adhesive repair procedures. In this way, removal 
of  the restoration can be avoided by bonding resin composite 
to the fractured surface. With increasing fracture frequency 
of  bilayer CAD/CAM ceramics, micromechanical and chemi-
cal bonding procedures are required to enhance the bond 
strength between ceramics and resin composite.1,9 Mechanical 
surface treatments create microroughness at the ceramic sur-
face, thus increasing the surface of  ceramic and providing 
micromechanical interlocking.1 Acid etching (etching with 
hydrofluoric acid (HF), etching with acidulated phosphoric 
acid or a phosphate fluoride), roughening with sandblasting 
(with aluminum oxide particle), roughening with diamond 
bur, and laser etching could be applied for micromechanical 
bonding.15,16 Recently, laser etching has become available as a 
current technology for bonding resin composites to the 
ceramics.15,17 Er, Cr: YSGG is a currently introduced laser 
that could be applied to both soft- and hard-tissue.18 There 
are many in vitro studies about the effect of  Er, Cr: YSGG 
laser on the bond strength of  resin composite to the ceram-
ics. However, the effect of  this laser on the bond strength of  
resin composite to new ZLS CAD/CAM blocks and the 
comparison of  these results with the other CAD/CAM 
ceramics were not discussed previously in literature. 

A strong resin bond relies on chemical bonding to the 
ceramic surface in addition to micromechanical interlock-
ing.19 Chemical bonding procedure consists of  silane and 
bonding agent application. As chemical bonding procedure 
gets more complicated, a simple method to enhance the 
bond strength becomes necessary. Some molecules are avail-
able that contain a combination of  silane and primer as an 
alternative to the silane/bond procedure. These one bottle 
silane coupling agents are able to create a direct bonding 
between ceramic surfaces and resin composite.20 In this way, 
the ceramic repair procedure can be simplified clinically by 
eliminating the bond application step.

Concerning ceramic materials, mechanical failures and 
the propagation of  cracks through the veneering ceramic 
and core ceramic in bilayer all ceramic restorations have 
been frequently reported in the literature.21,22 Repairable 
fractures in ceramic restorations can occur in many different 
types from small veneer chipping to large fractures that con-
tain core and veneering ceramic together. Due to the differ-
ent bond strength values depending on the exposed surface 
in the fracture, it is valuable to investigate the bond strength 
of  the resin composite onto ceramic cores and veneering 
ceramics.12 

The null hypothesis of  this study was that the exposure 
of  the core ceramic on the fractured restoration surface 
would affect the bond strength of  resin composites to the 
fractured ceramic surface. Additionally, the other null 
hypotheses were that the effects of  surface treatments and 
bonding agents would be significant on the shear bond 
strength values of  each fracture type and that thermocycling 
would affect the shear bond strength negatively.

MATERIALS AND METHODS

The tested ceramic types and the composition of  the tested 
materials are summarized in Table 1. Two different surface 
configurations were prepared in order to simulate the frac-
ture types as follows: 

•	The	fractures	that	contain	core	and	veneering	ceramic	
together (Groups A, B, and C) (Fig. 1, Fig. 2A): 

Group A: 50% surface of  resin composite bonded to 
veneering ceramic (IPS e.max Ceram) surface, and the other 
50% to lithium disilicate glass ceramic (IPS e.max CAD). 
Group B: 50% surface of  resin composite bonded to 
veneering ceramic (IPS e.max Ceram) surface, and the other 
50% to yttrium stabilized zirconia ceramic (IPS e.max 
ZirCAD). Group C: 50% surface of  resin composite bond-
ed to veneering ceramic (Vita VM11) surface, and the other 
50% to ZLS glass ceramic (Vita Suprinity). 

•	The	 fractures	 that	 contain	 only	 veneering	 ceramic	
(chipping) (Group D and E) (Fig. 1, Fig. 2B): 

Group D: resin composite bonded directly onto veneer-
ing ceramic (IPS e.max Ceram) surface only, Group E: resin 
composite bonded directly onto veneering ceramic (Vita 
VM11) surface only.

Fig. 1.  Study plan and subgroups.

Group A Group B Group C Group D Group E

Water storage
(TC -)

Thermocycle
(TC +)

1 ST  hydrofluoric acid + ultradent silane + Clearfil Universal Bond

2 ST  sandblasting + ultradent silane + Clearfil Universal Bond

3 ST  laser + ultradent silane + Clearfil Universal Bond

4 ST  hydrofluoric acid + Clearfil Ceramic Primer (silane)

5 ST  sandblasting + Clearfil Ceramic Primer (silane)

6 ST  laser + Clearfil Ceramic Primer (silane)

7 ST  ultradent silane + Clearfil Universal Bond (control)

8 ST  Clearfil Ceramic Primer (silane)(control)
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Table 1.  Materials used in this study

Material Material Content
CAD/CAM 

ceramic block 
sizes (mm)

Lot Number Manufacturer

IPS e.max CAD, LT A2/C14 Lithium disilicate glass ceramic CAD/CAM blocks
(SiO2 57-80%, Li2O 11 - 19%, K2O 0 - 13%, P2O5 0 
- 11%, ZrO2 0 - 8%, ZnO 0 - 8%, others and 
coloring oxides 0 - 12%)

12 x 14 x 18 T27280 Ivoclar Vivadent, Schann, 
Liechtenstein

IPS e.max Zir-CAD MO2 C15 Yttrium stabilized zirconium oxide ceramic CAD/
CAM blocks
(ZrO2 87 - 95%, Y2O3 4 - 6%, HfO2 1 - 5%, Al2O3 0 - 1%)

14.5 x 15.5 
x 18.5 

T29204 Ivoclar Vivadent, Schann, 
Liechtenstein

Vita Suprinity
A2 T-LS -14

Zirconia reinforced lithium silicate glass ceramic 
CAD/CAM blocks
(SiO2 56 - 64%, Li2O 15 - 21%, K2O 1 - 4%, ZrO2 8 
- 12%, P2O5 3 - 8%, Al2O3 1 - 4%, CeO2 0 - 4%, 
pigments 0 - 6%)

12 x 14 x 18 51367 Vita Zahnfabrik, Bad 
Säckingen, Germany

Ultradent Porcelain Etch 9% hydroflouric acid B856T Ultradent Products Inc., 
USA

Ultradent Silane methacryloxy propyl trimethoxysilane BBSVP Ultradent Products Inc., 
USA

Clearfil Universal Bond MDP containing light-curing one-component 
bonding agent 

3D0006 Kuraray Noritake Dental Inc., 
Sakazu, Kurashiki, 
Okayama, Japan

Clearfil Ceramic Primer 3-MPS, 10-MDP-containing one-component silane 
coupling agent 

930004 Kuraray Noritake Dental Inc., 
Sakazu, Kurashiki, 
Okayama, Japan

Clearfil Majesty ES-2 (A2) light-curing restorative composite resin containing 
nano-fillers 

170032 Kuraray Noritake Dental Inc., 
Sakazu, Kurashiki, 
Okayama, Japan

IPS e.max Ceram Dentine 
A2/TI1

Low fusing nano-fluorapatite glass ceramic
(SiO2 60 - 65%, Al2O3 8 - 12%, Na2O 6 - 9%, K2O 6 
- 8%, ZnO 2 - 3%, CaO, P2O5, flour 2 - 6%, other 
oxide 2 - 8.5% and pigments 0.1 - 1.5%)

T21047 Ivoclar Vivadent, Schann, 
Liechtenstein

IPS e.max Ceram Allround 
Build Up Liquid

Water, propylene glycol, butanediol and chloride R69399 Ivoclar Vivadent, Schann, 
Liechtenstein

IPS e.max Ceram ZirLiner 1 Low fusing nano-fluorapatite glass ceramic
(SiO2 50 - 60%, Al2O3 16 - 22%, Na2O 6 - 11%, 
K2O 4 - 8%, P2O5, CaO, F 2.5 - 7.5%, other oxides 
1.5 - 8% and pigments 0.1 - 3%

T15996 Ivoclar Vivadent, Schann, 
Liechtenstein

IPS e.max Ceram ZirLiner 
Allround Build-Up Liquid

Water, butanediol and chloride T09465 Ivoclar Vivadent, Schann, 
Liechtenstein

Vita VM11 Transparent 
Dentine A2

Low fusing fine structure feldspatic ceramic
(SiO2 62 - 65%, Al2O3 8.5 - 12%, Na2O 5 - 7.5%, 
K2O 9 - 12%, CaO 1 - 2%, ZrO2 <1%, B2O3 4 - 6%) 

0124 Vita Zahnfabrik, Bad 
Säckingen, Germany

A total of  336 blocks were cut from CAD/CAM blocks 
ceramics using a water-cooled diamond blade (Diamond 
Wafering Blade, 15LC, 11-4255, 127 × 0.4 mm, Buehler, 
Lake Bluff, IL, USA) with a low-speed cutting saw (Isomet 
1000, Buehler Precision Saw, IL, USA), cutting liquid, and 
anticorrosive (Cool, Buehler, Düsseldorf, Germany). 

The specimens of  CAD/CAM glass ceramics (IPS 
e.max CAD and Vita Suprinity) were prepared with the 
dimensions of  12 × 12 × 3 mm. Subsequently, a slot cavity 
measuring 4 × 4 × 1 mm was prepared into each testing 

surface of  glass ceramics. Then, the test specimens were 
crystallized in the porcelain oven (Ivoclar Vivadent, 
Programat EP 3000, Schaan, Liechtenstein) according to the 
manufacturer’s recommendations. The veneering ceramic 
(IPS e.max Ceram) was applied into the prepared slot on the 
IPS e.max CAD specimens and was fired following the pro-
cedures recommended by the manufacturers (Group A). 
The other veneering ceramic (Vita VM11) was applied into 
the prepared slot on the Vita Suprinity specimens and fired 
(Group C). 

Repair bond strength of resin composite to bilayer dental ceramics
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IPS e.max ZirCAD specimens were prepared with 
dimensions of  15 × 15 × 3.75 mm. Due to the shrinkage of  
the IPS e.max ZirCAD specimens, a slot measuring 5 × 5 × 
1.25 mm was prepared on each of  the testing surfaces of  
these specimens. The sintering cycle according to the manu-
facturer’s recommendations was completed in the sintering 
furnace (Sirona Dental Systems GmbH, Fabrikstr Bensheim, 
Germany). As a result of  the 20% to 25% sintering shrink-
age, the IPS e.max ZirCAD specimens presented dimen-
sions of  approximately 12 × 12 × 3 mm and slot measures 
of  4 × 4 × 1 mm. The surface of  test specimens was 
cleaned with a steam cleaner (Vap-6; Zhermack technical, 
Badia Polesine, Italy). IPS e.max Ceram ZirLiner 1 was 
applied on these specimens as recommended by the manu-
facturers for increasing the bond strength between IPS e.
max ZirCAD and veneering ceramic. The veneering ceramic 
powder (IPS e.max Ceram) was applied as recommended by 
the manufacturers on the specimens (Group B). 

Due to the shrinkage of  the veneering ceramics (20%), a 
cavity measuring 15 × 15 × 3.75 mm was prepared into an 
aluminum mold. Veneering ceramic blocks were prepared 
by mixing veneering ceramic powder with liquid. Then, the 
test specimens were fired in the porcelain oven according to 
the manufacturer’s recommendations. The test specimens 
of  IPS e.max Ceram (Group D) and Vita VM11 (Group E) 
measuring 12 × 12 × 3 mm were obtained.

All test specimens were measured with a digital caliper 
(World Precision Instrument Inc., Sarasota, FL, USA). Then, the 
surface of  all test specimens was cleaned with a steam cleaner. 

All test specimens were embedded in autopolymerizing 
acrylic resin using polyethylene mold (with dimensions of  
16 × 16 × 10 mm) so that one surface of  the test specimens 
remained uncovered for the bonding procedures. The test 
surfaces were finished with wet 600, 800, and 1200 grit sili-
con carbide paper (English Abrasives, London, UK) on a 
grinder-polisher device (Metkon Gripo 2V Grinder-Polisher, 

Bursa, Turkey). Then all specimens were cleaned using an 
ultrasonic bath (Bandelin Sonorex, Bandelin Electronic 
GmbH & Co. KG, Berlin, Germany) with distilled water at 
room temperature for 10 minutes, and dried with oil free air 
spray for 15 s. Subsequently, all specimens were randomly 
divided into eight subgroups (n = 14 per group) according 
to the three different surface treatment techniques and two 
different bonding procedures (Table 2, Fig. 1). The abbrevi-
ations of  surface treatments are given in Fig. 1. After the 
surface treatments were applied, all test specimens were 
subjected to ultrasonic cleaning in distilled water for 5 min-
utes and then dried. Afterwards, adhesive systems and nano 
hybrid resin composite (Clearfil Majesty ES-2-A2) were 
applied onto the treated test surfaces using a thermoplastic 
night-guard as a mold (4 × 4 × 2 mm). 

Then, the resin composite was polymerized with a LED 
light curing unit (Valo, LED, Ultradent Products Inc., South 
Jordan, UT, USA; light output: 3200 mW/cm2). The light 
was directed from the intersection of  the bonding area and 
resin composite. 6 s polymerization from two directions of  
approximately 45° and one 6 s exposure from the top were 
applied. A total time of  18 s per specimen was performed to 
ensure maximum polymerization. 

All specimens were stored in 37°C distilled water for 24 
hours before being thermocycled. The specimens were 
divided into two subgroups based on whether thermocycling 
was to be done or not. Thermocycling (SD Mechatronik 
Thermocycler, Julabo GmbH, FT 200, Seelbach, Germany) 
was performed to half  of  the specimens (n = 7) for 5000 
cycles between 5°C and 55°C with 60 s dwell time and 6 s 
transfer time (TC+). The other half  was stored in distilled 
water (TC-) at 37°C in an incubator (Kottermann Labortechnik, 
W. Germany) until thermocycle procedure ended. 

Shear bond strength tests for all test specimens were car-
ried out with a universal testing machine (Llyod Universal 
Testing Machine, AMETEK, Inc., Hampshire, England). A 

Fig. 2.  Schematic illustration of shear bonding test configuration. (A) Shear bonding test configuration of Group A, B 
and C, (B) Shear bonding test configuration of Group D and E.

Force
Resin 

composite

Veneering
ceramic

Core Ceremic

Group A, B, C

A

Force
Resin 

composite

Veneering ceramic

Group D, E

B
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Table 2.  The details of surface treatments procedures 

Surface Treatment Application Procedures

Acid application (9% Hydroflouric acid) Etched with 9% hydrofluoric acid for 90 seconds, rinsed for 30 s, and air dry with oil-free air 

Sandblasting (50 µm Al2O3)
Sandblasting (Rotaks-Dent Dentistry Inc., Istanbul, Turkey) with 50 μm Al2O3 particles for 20 s, applied 
perpendicularly to the surface at a pressure of 28 psi from a distance of approximately 10 mm 

Laser application (Er:Cr, YSGG)

Output energy of 3W, air (50%) and water (1%) cooling 2.94 µm wavelength, pulse repetition of 50 Hz, 
pulse duration of 140 µs. Laser was delivered by a 600 μm diameter and 6 mm length fiber optic tip that 
was hand-adjusted with a 45° angle to the ceramic surface at a distance of approximately 1 mm 
(WaterLase iPlusTM, Biolase Technology Inc., Irvine, CA, USA)

Ultradent Silane
Apply silane with a tip. Let evaporate for 60 seconds. If not completely dry after 60 seconds, air dry with 
oil-free air. 

Clearfil Universal Bond 
Apply bond to the ceramic surface with an applicator brush and rub it in for 10 seconds. Dry the 
ceramic surface sufficiently by blowing mild air for more than 5 seconds until bond does not move. 
Light-cure bond with dental curing unit according to the manufacturer recommendations. 

Clearfil Ceramic Primer Apply Clearfil Ceramic Primer to the ceramic surface and dry with oil-free air gently

chisel apparatus was prepared to apply a parallel shearing 
force as close as possible to the resin/ceramic interface. The 
load was applied at a crosshead speed of  0.5 mm/min until 
delamination of  the resin composite occurred (Fig. 2). The 
shear bond strength values were calculated in megapascals 
(MPa) by the following equation: the failure load (in N) / 
the bonding area of  resin composite (in mm2). 

Following shear bond test measurement, all specimens 
were observed under an optical microscope (Leica MZ 12; 
Leica Microsystems GmbH, Wetzlar, Germany) at 12.5 X 
magnification to analyze the fracture pattern. The failure 
modes were categorized into three types: adhesive failure 
(Ad: interfacial separation between resin composite and 
tested surface), cohesive failure (Coh: failures occur in the 
part of  resin composite), and mixture mode of  failure (Mix: 
adhesive and cohesive failure). Two more test specimens 
were prepared from each type of  tested ceramics in order to 
compare the surface changes after mechanical surface treat-
ments. The specimens were sputter-coated (Sputter Coater 
SC7620, Polaron, VG Microtech, Uckfield, UK) (10 kV, 
working distance 12 mm, spot size 50, signal SEI) with gold 
and observed under a scanning electron microscope (SEM) 
(JEOL, JSM-6060LV, Tokyo, Japan).

Statistical analysis was conducted using IBM SPSS (ver-
sion 17.0 software (IBM Corporation, Armonk, NY, USA). 
Statistical analysis was conducted with Kolmogorov-Smirnov 
test to evaluate the normal distribution of  variables. Then, 
homogeneity test (Levene test) was used to verify the homo-
geneity of  variance. Data were shown as median (IQR). 
Mann-Whitney U test was used to detect statistically signifi-
cant differences in the mean bond strength values between 
two groups. In addition, statistical analysis was performed 
by Kruskal-Wallis test to make comparisons among more 
than two independent groups. When the P value from 
Kruskal Wallis test statistics were statistically significant, the 
Conover’s multiple comparison tests were applied to deter-

mine which group showed significant difference. Unless 
otherwise indicated, P values less than 0.05 were considered 
to be statistically significant in all tests. Significance levels 
were adjusted using Bonferroni Correction for multiple 
comparisons to control Type I error.

 
RESULTS

The premature failures (debonding) occurred at 2nd and 3rd 
days of  thermocycle process. Optical microscope analysis 
demonstrated predominantly adhesive failures.

In the present study, the effects of  fracture type/config-
uration, surface treatment, and thermocycling on the shear 
bond strength were evaluated. The differences in the shear 
bond strength were not statistically significant among the 
tested ceramic types (independent of  the effect of  surface 
treatment and thermocycle) (P > .0031) (Table 3). In addi-
tion, thermocycling (TC+) had no statistically significant 
effect on the shear bond strength of  resin composite to any 
test specimens compared with the water storage groups 
(TC-) (P > .00125) (Table 4). However, although insignifi-
cant, a slight decrease in shear bond strength values was 
observed after thermocycling (TC+). The differences in the 
shear bond strength were statistically significant among the 
tested surface treatments (independent of  the effect of  ceram-
ic type and thermocycling) (P < .005, Table 5). However, the 
differences in the shear bond strength were not statistically 
significant between two different bonding procedures (e.g. 
between 1 ST and 4 ST). 

In Groups A, C, D, and E; HF etching provided higher 
shear bond strength values than the other tested surface 
treatments. Generally, there were no statistically significant 
differences between HF etching and sandblasting (P > 
.005). In Group B, sandblasting represented higher shear 
bond strength values than the other tested surface treat-
ments. However, in Group B, the difference in shear bond 
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Table 4.  The shear bond strength values according to the thermocycle (independent of the effects of surface treatment 
and ceramic type) 

Group A Group B Group C Group D Group E

1 ST TC - 16.7 (6.1) 12.3 (2.4) 15.4 (5.0) 16.4 (3.6) 15.9 (2.5)

TC + 12.6 (4.0) 10.5 (2.8) 12.9 (3.8) 14.6 (5.3) 16.4 (3.6)

P value† .234 .004 .181 .053 .902

2 ST TC - 12.5 (5.2) 15.5 (4.2) 11.9 (0.6) 13.9 (2.0) 12.8 (2.8)

TC + 11.6 (2.7) 11.9 (3.2) 10.4 (0.0) 11.4 (2.6) 10.6 (3.6)

P value† .667 .038 .667 .106 .109

3 ST TC - 9.2 (3.2) 5.9 (4.5) 8.9 (1.3) 9.7 (6.3) 10.9 (3.5)

TC + 6.8 (2.5) 7.0 (2.9) 5.9 (3.3) 7.9 (3.7) 7.8 (0.4)

P value† .057 .805 .333 .412 .286

4 ST TC - 13.7 (5.8) 12.7 (4.3) 15.3 (4.5) 14.4 (3.7) 14.7 (3.0)

TC + 13.4 (4.8) 11.3 (5.4) 10.7 (3.8) 15.1 (6.3) 13.7 (7.1)

P value† .639 .318 .051 .805 .535

5 ST TC - 11.4 (3.9) 13.5 (6.1) 11.8 (1.4) 14.2 (5.0) 12.1 (7.0)

TC + 8.7 (1.0) 10.2 (4.1) 9.2 (2.5) 11.6 (3.7) 11.3 (2.1)

P value† .033 .366 .143 .535 .628

6 ST TC - 7.4 (1.9) 5.7 (1.9) 7.5 (3.0) 8.0 (2.1) 6.9 (6.8)

TC + 5.8 (3.3) 4.2 (4.0) 6.3 (2.0) 6.9 (4.2) 6.6 (6.1)

P value† .073 .456 .310 .517 .534

7 ST TC - 3.2 (1.8) 3.1 (2.3) 2.6 (0.4) 3.3 (1.5) 4.2 (3.2)

TC + 1.5 (1.2) 3.6 (1.2) 1.8 (0.0) 2.4 (3.2) 3.8 (0.4)

P value† .200 1.000 .667 .700 .700

8 ST TC - 2.7 (3.6) 4.5 (3.4) 2.9 (0.7) 4.1 (1.5) 3.9 (5.0)

TC + 2.3 (1.8) 4.1 (2.2) 2.8 (1.2) 3.5 (2.9) 3.3 (3.7)

P value† .629 1.000 1.000 .486 .486

† Mann-Whitney U test, according to the Bonferroni Correction, the results were considered statistically significant for P < .00125. 

Table 3.  The shear bond strength values according to the ceramic type (independent of the effects of surface treatment 
and thermocycle) 

Group A Group B Group C Group D Group E P value†

1 ST TC - 16.7 (6.1) 12.3 (2.4) 15.4 (5.0) 16.4 (3.6) 15.9 (2.5) .173

TC + 12.6 (4.0) 10.5 (2.8) 12.9 (3.8) 14.6 (5.3) 16.4 (3.6) .007

2 ST TC - 12.5 (5.2) 15.5 (4.2) 11.9 (0.6) 13.9 (2.0) 12.8 (2.8) .382

TC + 11.6 (2.7) 11.9 (3.2) 10.4 (0.0) 11.4 (2.6) 10.6 (3.6) .898

3 ST TC - 9.2 (3.2) 5.9 (4.5) 8.9 (1.3) 9.7 (6.3) 10.9 (3.5) .167

TC + 6.8 (2.5) 7.0 (2.9) 5.9 (3.3) 7.9 (3.7) 7.8 (0.4) .591

4 ST TC - 13.7 (5.8) 12.7 (4.3) 15.3 (4.5) 14.4 (3.7) 14.7 (3.0) .638

TC + 13.4 (4.8) 11.3 (5.4) 10.7 (3.8) 15.1 (6.3) 13.7 (7.1) .214

5 ST TC - 11.4 (3.9) 13.5 (6.1) 11.8 (1.4) 14.2 (5.0) 12.1 (7.0) .672

TC + 8.7 (1.0) 10.2 (4.1) 9.2 (2.5) 11.6 (3.7) 11.3 (2.1) .050

6 ST TC - 7.4 (1.9) 5.7 (1.9) 7.5 (3.0) 8.0 (2.1) 6.9 (6.8) .194

TC + 5.8 (3.3) 4.2 (4.0) 6.3 (2.0) 6.9 (4.2) 6.6 (6.1) .592

7 ST TC - 3.2 (1.8) 3.1 (2.3) 2.6 (0.4) 3.3 (1.5) 4.2 (3.2) .547

TC + 1.5 (1.2) 3.6 (1.2) 1.8 (0.0) 2.4 (3.2) 3.8 (0.4) .178

8 ST TC - 2.7 (3.6) 4.5 (3.4) 2.9 (0.7) 4.1 (1.5) 3.9 (5.0) .360

TC + 2.3 (1.8) 4.1 (2.2) 2.8 (1.2) 3.5 (2.9) 3.3 (3.7) .154

† Kruskal Wallis test, according to the Bonferroni Correction, the results were considered statistically significant for P < .0031. 
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strength values were not statistically significant between HF 
etching and sandblasting, independent of  the bonding pro-
cedures performed (P > .001). Furthermore, shear bond 
strength values of  laser etching were statistically lower than 
the values of  sandblasting in Group B, TC- (P < .005). 
Additionally, the difference in shear bond strength values 
were not statistically significant between laser etching and 
control groups in Group B (P > .001). 

Surface characteristics of  the test specimens were influ-
enced by surface treatments compared to the polished test 
specimen’s surfaces (Fig. 3). The surface irregularities were 
evident in HF etched subgroups of  Groups A, C, D, and E 
(Fig. 3B, 3J, 3N and 3R). Furthermore, sandblasting increased 
the roughness of  the all test groups compared with those 
of  control specimens (polished, without surface treatment) 
(Fig. 3C, 3G, 3K, 3O and 3S). The SEM analyses indicated 
the inefficacy of  laser etching on all test specimens. 
However, small amounts of  porosity and flaws were detect-
ed in the laser etched test surfaces (Fig. 3D, 3H, 3L, 3P and 
3T). 

DISCUSSION 

In the present study, the fracture type and the amount of  
veneering ceramic on the fractured surface had no effect on 
the bond strength of  resin composite. However, a signifi-
cant difference in shear bond strength was found among the 
tested surface treatments in each test groups, leading to the 
acceptance of  the null hypothesis (Table 4). 

Although there are many studies related to the fracture 
types of  veneering ceramics,23,24 only a limited number of  
studies suggest the surface treatments that can be applied to 
the different type of  fractured surface (only the veneering 
ceramic or both the veneering and core ceramic).12,23 Ozcan 
et al.23 and Lee et al.12 simulated the fractures in which two 
different types of  ceramics were exposed together. Lee et 
al.12 reported that there was not a statistically significant dif-
ference between the specimens that include both veneering 
ceramic and core ceramic on the fracture surface in terms 
of  bonding strength. Similarly, in our results, shear bond 
strength values showed no statistically significant difference 
among the tested ceramic types (independent of  the surface 

Table 5.  The shear bond strength values according to the surface treatment (independent of the effects of ceramic type 
and thermocycle) 

 Group A   Group B Group C Group D Group E

TC- 1 ST 16.7 (6.1)a,b,c 12.3 (2.4)a,b,c 15.4 (5.0)a,b,c 16.4 (3.6)a,b,c,o 15.9 (2.5)a,b,c,o

2 ST 12.5 (5.2)d,e,f 15.5 (4.2)d,e,f,k 11.9 (0.6) 13.9 (2.0)d,e,f 12.8 (2.8)e,f

3 ST 9.2 (3.2) 5.9 (4.5)k,l 8.9 (1.3) 9.7 (6.3)o 10.9 (3.5)o

4 ST 13.7 (5.8)g,h,i 12.7 (4.3)g,h,i 15.3 (4.5)g,h,i 14.4 (3.7)g,h,i 14.7 (3.0)g,h,i

5 ST 11.4 (3.9)j 13.5 (6.1)j,l,m,n 11.8 (1.4)j 14.2 (5.0)j,n 12.1 (7.0)j

6 ST 7.4 (1.9)a,d,g 5.7 (1.9)a,d,g,m 7.5 (3.0)a,g 8.0 (2.1)a,d,g 6.9 (6.8)a,g

7 ST 3.2 (1.8)b,e,h 3.1 (2.3)b,e,h,n 2.6 (0.4)b,h 3.3 (1.5)b,e,h,n 4.2 (3.2)b,e,h

8 ST 2.7 (3.6)c,f,i,j 4.5 (3.4)c,f,i,j 2.9 (0.7)c,i,j 4.1 (1.5)c,f,i,j 3.9 (5.0)c,f,i,j

P value† < .001 < .001 < .001 < .001 < .001

TC+ 1 ST 12.6 (4.0)a,b,c,o 10.5 (2.8)a,b,c 12.9 (3.8)a,b,c,o 14.6 (5.3)a,b,c 16.4 (3.6)a,b,c

2 ST 11.6 (2.7)d,e,f 11.9 (3.2)d,e,f,k 10.4 (0.0) 11.4 (2.6)e,f 10.6 (3.6)

3 ST 6.8 (2.5)o,p 7.0 (2.9)k 5.9 (3.3)o,p 7.9 (3.7)p 7.8 (0.4)

4 ST 13.4 (4.8)g,h,i,p 11.3 (5.4)g,h,i 10.7 (3.8)g,h,i,p 15.1 (6.3)g,h,i,p 13.7 (7.1)g,h,i

5 ST 8.7 (1.0) 10.2 (4.1)j,m,n 9.2 (2.5)j 11.6 (3.7)j,n 11.3 (2.1)j

6 ST 5.8 (3.3)a,d,g 4.2 (4.0)a,d,g,m 6.3 (2.0)a,g 6.9 (4.2)a,g 6.6 (6.1)a,g

7 ST 1.5 (1.2)b,e,h 3.6 (1.2)b,e,h,n 1.8 (0.0)b,h 2.4 (3.2)b,e,h,n 3.8 (0.4)b,h

8 ST 2.3 (1.8)c,f,i 4.1 (2.2)c,f,i,j 2.8 (1.2)c,i,j 3.5 (2.9)c,f,i,j 3.3 (3.7)c,i,j

P value† < .001 < .001 .003 < .001 < .001

† Kruskal Wallis test, according to the Bonferroni Correction, the results were considered statistically significant for P < .005. The same supercript letters indicate 
statistically significant differences between surface treatments. a: statistically significant differences between 1 and 6 ST (P < .005), b: 1 ST and 7 ST (P < .005), c: 1 ST 
and 8 ST (P < .005), d: 2 ST and 6 ST (P < .005), e: 2 ST and 7 ST (P < .005), f: 2 ST and 8 ST (P < .005), g: 4 ST and 6 ST (P < .005), h: 4 ST and 7 ST (P < .001), i: 4 

ST and 8 ST (P < .005), j: 5 ST and 8 ST (P < .005), k: 2 ST and 3 ST (P < .005), l: 3 ST and 5 ST (P = .003), m: 5 ST and 6 ST (P < .001), n: 5 ST and 7 ST (P < .005), 
o: 1 ST and 3 ST (P < .005), p: 3 ST and 4 ST (P < .005). 
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Fig. 3.  SEM images of tested groups. (A) SEM images of Group A (polished), (B) SEM images of Group A (HF etching), 
(C) SEM images of Group A (50 µm Al2O3 sandblasting), (D) SEM images of Group A (Er, Cr: YSGG laser), (E) SEM images 
of Group B (polished), (F) SEM images of Group B (HF etching), (G) SEM images of Group B (50 µm Al2O3 sandblasting), 
(H) SEM images of Group B (Er, Cr: YSGG laser), (I) SEM images of Group C (polished), (J) SEM images of Group C (HF 
etching), (K) SEM images of Group C (50 µm Al2O3 sandblasting), (L) SEM images of Group C (Er, Cr: YSGG laser), (M) 
SEM images of Group D (polished), (N) SEM images of Group D (HF etching), (O) SEM images of Group D (50 µm Al2O3 
sandblasting), (P) SEM images of Group D (Er, Cr: YSGG laser), (Q) SEM images of Group E (polished), (R) SEM images of 
Group E (HF etching), (S) SEM images of Group E (50 µm Al2O3 sandblasting), (T) SEM images of Group E (Er, Cr: YSGG 
laser).
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treatment type and thermocycling effect) (P = .0031, Table 
3). Accordingly, it is proposed that fractures exposing the 
core-veneering ceramic or veneering ceramic only in the 
fracture line did not affect the bond strength of  resin com-
posites primarily. 

Primers enhance the micromechanical bonding with res-
in in feldspathic ceramic, leucite, or lithium disilicate glass 
ceramics. However, it is difficult for zirconia ceramics to 
increase the bond strength because they do not contain sili-
ca.19 Phosphate ester included in MDP based primers can 
create a chemical bond to the hydroxyl groups on the sur-
face of  zirconia ceramics.25 Although zirconia ceramic 
framework was tested in Group B, no inter-group differenc-
es were thought to be associated with the usage of  MDP 
based primers in both of  bonding procedures.25-27

Valandro et al.28 proposed the ceramic classification sys-
tem, which is based on the amount of  surface degradation 
by HF. Feldspathic, leucite, and lithium disilicate based 
ceramics are called as acid sensitive ceramics. In addition, 
alumina or zirconia polycrystalline ceramics are referred to 
as acid resistance ceramics. The ZLS have high content of  
glass phase (from 8 - 12% zirconia). Therefore, it was 
thought that the sensitivity of  ZLS glass ceramics to rough-
ening procedures could be similar with other glass ceram-
ics.2 One of  the main questions of  this study is how 
increased zirconia content in ZLS will affect sensitivity of  
this ceramic type to the surface treatments. In the present 
study, the increased content of  zirconia did not result in a 
significant effect on the repair bond strength of  ZLS glass 
ceramics. Similar surface treatments showed high bond 
strength values for both of  ZLS and lithium disilicate glass 
ceramics. Etching with HF gel for 90 s (independent of  the 
type of  bonding procedure) resulted in the highest shear 
bond strength of  the resin composite to core-veneering 
ceramic complexes in group A and C, and to veneering 
ceramics in group D and E (except control groups). When 
HF etching is applied to the surface of  a glass-ceramic, vit-
reous matrix of  glass ceramic is removed and crystalline 
structure is exposed. This surface topography results in 
increased surface area that improves ceramic wettability.2 In 
a previous study, HF acid etching resulted in significantly 
higher bond strength in glass ceramics.29 In addition, 
Menees et al.30 concluded that HF etching provided more 
uniform and better distributed surface changes for the lithi-
um disilicate glass ceramic. Similarly, our SEM analyses for 
lithium disilicate glass ceramic presented that HF etching 
resulted in more uniform surface changes than sandblasting. 

The laser etching for surface roughening is an alternative 
method.17 However, few studies have used Er,Cr:YSGG 
lasers to modify fractured ceramic surfaces with the purpose 
of  increasing its bond strength to the resin composite.15,17,31 
In previous studies, the effect of  Er,Cr:YSGG laser treat-
ments evaluated with various power outputs from 0.5 to 5.0 
W.15,31,32 These studies reported that the microexplosions 
produce irregular alterations on the laser irradiated surface, 
thus increasing the micromechanical bonding between the 
ceramic surface and resin composite.32,33 Eduardo et al.32 

reported that Er,Cr:YSGG laser treatments with various 
power outputs from 0.5 to 5.0 W showed an acceptable 
effect on the ceramics. However, Shiu et al.31 reported that 
Er,Cr:YSGG laser treatment resulted in low bond strength 
with regard to the shear bond strength of  ceramic to resin 
cement. Similarly, in the present study, the use of  Er:YAG 
laser irradiation for ceramic surface treatment resulted in 
lower bond strengths than those seen in the groups treated 
with HF acid or sandblasting. The SEM images of  the 
Er,Cr:YSGG laser-treated surface showed a smooth, non-
retentive surface compared to the treated surface with other 
surface treatments. Er,Cr:YSGG laser etching caused signif-
icant surface damage such as pits on the lithium disilicate 
glass ceramic and veneering ceramics (Fig. 3D, 3P and 3T). 
In addition, the same surface treatment did not adequately 
roughen the zirconia reinforced lithium silicate glass ceram-
ic and yttrium stabilized zirconium oxide ceramic as seen in 
SEM analyses results (Fig. 3H and 3L). These results may be 
due to the laser irradiation power settings, since only a 3W 
power setting was used in the present study. Additionally, 
the shear bond strength values were slightly higher in the 
Er,Cr:YSGG laser group compared with the control groups. 
Therefore, the laser etching results of  the present study will 
need to be supported by further studies with different laser 
parameters.

The sandblasting can induce excessive gaps in the sur-
face of  the ceramics or even a significant loss of  material.2 
After sandblasting, yttrium stabilized zirconium oxide 
revealed a characteristic surface with sharp edges (Fig. 3G). 
However, HF etching created a relatively smooth surface 
Fig. 3F). These observations are identical to findings in oth-
er studies.2,34 In the present study, HF etching and sandblast-
ing presented higher bond strength than laser etching and 
control groups in Group B. 

Sandblasting provided a significant roughness on the 
low fusing glass ceramic nano-fluorapatite glass ceramic and 
feldspathic ceramic (Group D and E) (Fig. 3O and 3S). On 
the other hand, the laser etching on these specimens did not 
produce microporosities, but caused deep surface defects 
(Fig. 3P and 3T), as was the case with lithium disilicate glass 
ceramic test specimens. Brentel et al.35 demonstrated the 
effectiveness of  HF etching on the feldspathic ceramic sur-
face. However, HF etching may cause deep degradation on 
the ceramic surface.1,35 In our study, HF etching caused fis-
sures and undercuts on the surface of  nano-fluorapatite 
glass ceramics. SEM analysis confirmed this effect with 
macro crack lines in Fig. 3N. Similarly, HF etching created 
irregular macro porosity on the feldspathic ceramics. In the 
current study, this condition is thought to affect the clinical 
performance of  this type of  ceramic negatively. Shiu et al.,31 
in their study that evaluated the bond strength of  resin 
composites to feldspathic ceramics, reported that HF etch-
ing and sandblasting showed higher bond strength than 
laser application (Er:YAG). The SEM analysis and the 
results of  this study are similar to our results (Fig. 3N, 3O 
and 3P). Similarly, in our study, 4 ST reported significantly 
higher bond strength than 6 ST in nano-fluorapatite glass 
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ceramics (Group D, TC- / D, TC+) and feldspathic ceramic 
(Group E, TC- / E, TC+). Considering the results of  the 
current study, HF etching should be preferred to observe 
the highest value and the most effective surface roughness 
for Groups A, C, D, and E. This is followed by sandblasting 
with high bonding ability and provides significant rough-
ness. However, the laser application provided lower bond 
strength. This could be related with the insufficient rough-
ening that is examined in the SEM analysis.

Both ceramic primer and some universal bonding agents 
contain 10-MDP.36 This agent provides a relatively stable 
bond due to the hydrophobic property.37 The one-bottle 
silane coupling agent (Clearfil ceramic primer) and silane/
bond application in the current study contain MDP that 
chemically bonds to ceramic surfaces. In the current study, 
there was no statistically significance between two different 
bonding procedures (P = .01). These results may be related 
with the MDP monomer content of  the bonding agents. 
The results of  this study demonstrate that the clinical appli-
cation of  ceramic repair can be simplified by using one-bot-
tle silane coupling agent (Clearfil ceramic primer). This 
primer decreases the clinical application step of  ceramic 
repair compared to silane/bond application. 

Failure modes on the bonding surfaces between ceramic 
and resin composite reflected the results of  the shear bond 
strength values (Table 5). The failure mode results support-
ed the conclusion that bond strength between ceramic and 
resin composite was low. Especially in control and laser 
etching groups, most of  the failure types were adhesive. 
Generally, after thermocycling, the adhesive failure percent-
age at the resin-ceramic interface increased. 

The ceramic restorations function in a moist environ-
ment with temperature changes. The degradation of  the 
bonding area by hydrolysis is an important concern.38 The 
long-term water storage and thermocycling could be used to 
investigate its effect on the bond strength of  resin compos-
ite to ceramics. In the present study, thermocycling was 
used to reflect the clinical environment.

Thermocycling generally reduces the bond strength 
between resin composite and ceramics.2,37,39 Although the 
number of  cycles showed great variation, it has been indi-
cated that it is not essential to increase the number of  
cycles. This is because the effect of  thermocycling on the 
bond strength occurs in the early phase of  aging.40 Other 
studies reported that the bond strength decreased with 
increase in the number of  cycles.2,41 Based on these reports, 
this study performed the aging process by 5000 times ther-
mal cycling to investigate bond durability of  resin compos-
ite. In our study, thermocycling resulted in a reduced bond-
ing strength. However, the decrease was not statistically sig-
nificant (independent of  the effect of  surface treatment and 
ceramic type) (P = .00125) (Table 4). It has been reported 
that applying a MDP-based primer to ceramic surface after 
thermal cycling did achieve stable bond strength.42 The 
results of  the present study are in accordance with the fact 
that this monomer provides stability against the hydrolysis 
during thermocycling.40,43 In addition, this result may be 

related with the usage of  the nano hybrid resin composites. 
This type of  resin composites have less interparticle gaps 
than the micro hybrid composite resin.44 The decreased 
interparticle gap may result in less water passage through 
the particles.

Despite the improvements of  the surface treatments and 
bonding agents, the repair in all-ceramic systems is still com-
plex and needs to be developed. Up to now, bond strength 
studies are not decisive on suggesting the repair protocol 
for new ZLS glass ceramics, and the studies compare these 
results with zirconia ceramics and lithium disilicate glass 
ceramics. Additionally, this study simulated different frac-
ture types such as chipping or bilayer fracture that contain 
core and veneer ceramics together. According to the results 
of  the present study, the substrate type plays an important 
role on the stability of  the resin composite bonding to the 
fractured surface. However, the fracture type did not affect 
the repair bond strength values. 

Future studies should focus on the use of  different 
mechanical surface treatments together on the fractured 
surface in which two type of  ceramic exposed. In addition, 
clinical studies should be conducted to evaluate the nature 
of  the repair bond strength and to verify the result of  in 
vitro studies. The repaired restorations are intraorally subject 
to different forces such as tensile, shear, compressive, and 
oblique. The limitation of  this study is that only shear force 
was applied to investigate the bond strength of  resin com-
posite to fractured ceramics. Additionally, in vitro test design 
did not completely mimic the intraoral environment and it 
has limited clinical comparability.

CONCLUSION

On the basis of  our results, the following conclusion was 
suggested; HF etching showed the highest shear bond 
strength for lithium disilicate glass ceramic, ZLS glass ceram-
ic, and veneering ceramic. Sandblasting improved the 
mechanical bonding of  resin composite by increasing the 
surface area when the zirconia core ceramic was exposed to 
the fracture area. The bond strength values of  resin com-
posite to all ceramic restoration’s fracture surface were simi-
lar between delamination with the exposure of  core ceramic 
and chipping. A commercial one bottle silane coupling 
agent (Clearfil Ceramic Primer) exhibited similar repair 
bond strength with silane/bond application. Consequently, 
the usage of  one bottle silane coupling may reduce the clini-
cal application stage of  ceramic repair. 
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