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Abstract

The purpose of this in vitro study was to compare the shear bond strengths (SBS) of hybrid ceramic; Vita Enamic
(VE), zirconia-reinforced lithium silicate ceramic; Vita Suprinity (VS), feldspathic ceramic; Vita TriLuxe forte (VT),
and lithium disilicate ceramic; IPS e.max CAD (IPS). Eighty specimens were prepared from four different CAD-CAD
ceramic materials. The CAD-CAM ceramic specimens were randomly divided into two subgroups according to acid
types: phosphoric (P) acid and hydrofluoric (HF) acid. Resin cement (Panavia V5; Kuraray, Japan) was applied using
a3 x 3-millimeter mold. All specimens were stored in distilled water at 37 °C for 24 hours. The SBS test was performed
using a universal testing machine (0.5 mm/min). Two-way ANOVA was used to detect significant differences among
the CAD-CAM ceramic materials and acid types. Subgroup analyses were conducted using Tukey HSD post-hoc test
(p <0.05). The lowest SBS value was seen in the VE group (4.5+ 2.2 MPa) for P acid etching. The highest SBS value was
seen in the IPS group (19.5 £ 8.3MPa) for HF acid etching.
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I. Introduction

Computer-aided design and computer-aided manufac-
ture (CAD-CAM) have been used in dentistry since 1980s.
The advent of this technology has put the production
of new materials for fixed and removable prosthesis at
the top of the agenda. With the development of CAD-
CAM ceramic blocks, aesthetic dentistry practices are in-
creasing, and new restoration options are being created 1.
The most important advantage of restorations made with
CAD-CAM ceramic blocks is that they can be done in one
session. In addition, the restorations can be produced in a
homogeneous structure as they do not contain any sub-
structure material, and cause less erosion in the opposing
dentin 2.3, Although new blocks continue to be produced
everyday, the most frequently used CAD-CAM blocks
are feldspathic, composite (hybrid and nano-ceramics),
lithium-disilicate-reinforced, leucite-reinforced, and zir-
conium-reinforced ceramics 3-9.

The success of full ceramic restorations depends on the
mechanical strength of the material, as well as the bond-
ing strength of the restoration. For certain types of ce-
ramics, different surface treatment methods are proposed
to provide roughness and promote micromechanical re-
tention 10. An increase in restoration-to-tooth connection
leads to a reduction in decementation and microleakage 3.
Differences in SBS values of cements occur due to the
different chemical structures of the CAD-CAM ceram-
ic materials. In laminate veneers and endocrown restora-
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tions, bonding strength is a key factor !1. In previous stud-
ies, different surface treatments have been used to show the
bond strength of various cements 8:12-15, However, new
dental materials and cements are being produced everyday.

The purpose of this study was to evaluate the SBS of
four different CAD-CAM ceramic blocks when these are
etched with different acid agents. The null hypotheses of
this study were that (1) the type of material, and (2) the
type of acid treatment would not affect the SBS of resin
cement to CAD-CAM ceramic blocks.

II. Materials and Methods

In the present study, four different CAD-CAM ceram-
ic materials; VE, VS, VT, and IPS, and two different acid
agents [40 % P acid (K-Etchant Gel; Kuraray Noritake
Dental, Japan) and 9.5 % HF acid (Porcelain Etchant; Bis-
co, Schaumburg, IL, USA)] were tested. Manufacturers
and the composition of the materials used in this study
are presented in Table 1. The specimens were positioned
in a 1.2 x 4-cm polyvinylchloride cylinder and embed-
ded in an acrylic resin (Palapress vario; Heraeus Kulz-
er, Germany). The specimens were wet-ground on one
surface using 600-, 800-, 1000-, and 1200-grit silicon car-
bide (SiC) paper. The four groups were divided into two
subgroups according to type of the etched acid agents (n
= 10). The first group was etched with P acid for 5 sec-
onds (sec), and the second group was etched with HF acid
for 20 sec. Ceramic primer (Clearfil Ceramic Primer Plus;
Kuraray, Japan) was applied to the acid treated surface,
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Table 1: Compositions and manufacturers of the materials
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Groups Composition Manufacturer

VE 14 % polymer, 86 % fine structure VITA Zahnfabrik, H. Rauter GmbH, Bad Sickingen,
feldspar ceramic Germany

VS ZrO,, Si0,, Li,O VITA Zahnfabrik, H. Rauter GmbH, Bad Sickingen,

Germany

VT Fine-structure feldspar ceramic VITA Zahnfabrik, H. Rauter GmbH, Bad Sickingen,
SiOz, A1203, NAOz, Kzo, CaO, TIO2 Germany

IPS Si0,, Li,0, K,0, MgO, Al,03, P,0s5, Ivoclar Vivadent, Schaan, Liechtenstein
and other oxides

P 40 % phosphoric acid Kuraray Noritake Dental, Japan

HF 9.5 % hydrofluoric acid Bisco, Schaumburg, IL, USA

CP > 80 % ethanol, 10-MDP Kuraray Noritake Dental, Japan

VE; Vita Enamic, VS; Vita Suprinity, VT; Vita Trilux, and IPS; IPS e.max CAD, P; K-Etchant Gel, HP; Porcelen etchant,

CP; Clearfil Ceramic Primer Plus

which was then washed and dried. Resin cement (Panavia
V5; Kuraray, Japan) was applied using 3 x 3-mm molds.
All specimens were stored in distilled water at 37 °C for
24 hand the SBS test was performed with a computer-sup-
ported universal testing device (MTS Criterion® Series 40;
USA) and the load was applied at a crosshead speed of 0.5
mm per minute until failure occurred.

In order to see the effect of different acids on the surface
of the CAD-CAM ceramic blocks, one specimen from
each group was sputter-coated (Bal-Tec SCD 050, Bal-tec
AG, Liechtenstein) with a 15-nm layer of gold-palladium
(Au-Pd) and imaged using a scanning electron microscope
(SEM; LEO Evo 40X VP, Carl Zeiss, Oberkochen, Ger-
many). Images were examined at 20 kV within a magni-
fication range of 100x to 10000x.

Analyses were performed with statistical software (IBM
SPSS Statistics v23.0; IBM Corp). The normality of the da-
tadistribution was evaluated by the Shapiro-Wilk test. Pa-
rameters with normal distribution were analyzed using the
two-way ANOVA. To determine differences, the Tukey
HSD test was used (p <0.05).

III. Results

Results of the descriptive analyses of the shear bond test
are shown in Table 2. In intra-group comparisons, the SBS
values of the VE and VS groups with HF acid etching
were higher than with the P acid (p <0.05). There were
no significant differences between the SBS values of the
VT and IPS groups with different acid etching (p >0.05).
In the P-acid-etched specimens, the SBS values of the VE
group (4.5+2.2 MPa) were significantly lower than the VT
(16.9£6.9 MPa)and IPS (16.1 £ 8.8 MPa) groups (p < 0.05).
In the HF acid group, the SBS values of the VE (11.3
4 MPa) group were significantly lower than the VS (18.3
4.2 MPa) and IPS (19.5 £ 8.3 MPa) groups (p <0.05). Re-
presentative SEM micrographs etched with P and HF acid,
and VE, VT, VS and IPS surfaces are presented in Figs. 1 (a,
b, c,d, e, f, g, and h) respectively. Treatment with HF acid

resulted in increased surface roughness, with irregularities
and pores on the treated surfaces of all materials tested.

Table 2: Descriptive statistics and multiple comparison
results

Material Phosphoricacid Hydrofluoric acid P*
Mean + SD (MPa) Mean £ SD (MPa)

Vita 45+2.22 11.3+4a 0.000
Enamic

Vita 9.7 + 4.43b
Suprinity
Vita 16.9 + 6.9b

Triluxe
forte

IPS e.max 16.1 +8.8b
CAD

SD: Standard Deviation, MPa: Megapascal. * Two-way
anova. Mean values followed by different lowercase
letters in the same column show statistical difference
(P <0.05)

18.3 +4.2b 0.001

15.8 + 5ab 0.690

19.5 + 8.3b 0.388

IV. Discussion

This study was conducted to evaluate the effect of differ-
ent acid etching agents on the SBS between resin cements
and CAD-CAM hybrid ceramic, feldspathic ceramic, zir-
conia-reinforced ceramic, and lithium disilicate ceramic.
The bonding efficacy was evaluated using the SBS test and
the effect of etching on the ceramic substrates was eval-
uated by SEM analysis. The results of the current study
revealed that the selected ceramic materials and different
acid agents have an influence on the SBS. Therefore, the
null hypotheses of this study were rejected.

Adhesion played an important role in the strengthening
of all ceramic restorations. Hence, the research on SBS
continues to maintain its importance with new production



December 2018 Shear Bond Strength of Computer-Aided Design and Manufacturing (CAD-CAM) Ceramics 393

Fig. 1: Representative scanning electron microscopy images, a) VE after 40 % P acid and b) 9.5 % HF acid etching c) VS after 40 % P acid and
d) 9.5 % HF acid etching e) VT after 40 % P acid and f) 9.5 % HF acid etching g) IPS after 40 % P acid and h) 9.5 % HF acid etching. (P:
Phosphoric, HF: Hydrofluoric)
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techniques, materials, and bonding agents. Weak bond
strength between restorations and resin cements could
lead to frequent decementation and a non-homogeneous
distribution of forces that could result in cohesive failure
under occlusal forces 1. Strong bond strength between the
tooth structure and the surface of the restoration is cru-
cial 2.

Previous studies of acid etching at different concentra-
tions with different durations have been done 2.7:10,15,
however, surface treatment protocols for CAD-CAM ce-
ramic blocks are still being worked on. In some stud-
ies, the HF acid concentrations were between 4.8 % and
10 % 1-3,15,17 and the etching time 20 sec 15, 60 sec 7, and
120 sec 3. With P acid concentrations of 40 % the etching
time was 5 sec ! and 60 sec”. In this study, 40 % P acid
was etched for 5 sec following the recommendations of the
manufacturer and 9.5 % HF acid for 20 sec.

In this study higher bonding values were observed in the
HF acid etching of the VE group, contrary to Kutalmis
et al. 7 On the other hand, Barutcugil et al. 3 found that
increasing the etching time did not affect the bonding of
VE; applying 10 % HF for 120 sec received identical SBS
values in this current study.

Bellan etal.18 etched VS for 20 sec and VE for 60 sec with
10 % HF and the VS bonding value was 12.8-16.6 MPa,
similar to this study, and the VE bonding value was
25.97-32.88 MPa, unlike this study. Compared to the
previously mentioned studies, etching VE for 60 sec pro-
vided higher bonding. Hu et al. 19 found that the bonding
values of the VS group were higher than the VE group,
similar this study. The study of Sato et al. 20 found similar
bond values with 10 % HF acid etching for 20 sec and 40
sec for VS blocks.

Ustun et al. 1 found similar results to the IPS and VS
groupsin this study; however, the VE bond strength values
were different as a result of the current study applying HF
acid to the VE group for 20 sec instead of 60.

Mokhtarpour et al. 1> compared HF acid applications
and SBS values at different concentrations and at different
times. The elongation of the etching time in the IPS group
did not cause a significant increase in SBS. Several articles
studied the etching protocol of lithium disilicate and ex-
tending the etching time was found to affect the flexure
strength of the material negatively 21.

The limitations of this study were related to the insuffi-
cient number of parameters which did not compare vari-
ous resin cement types, acid concentrations, and etching
times. The manufacturer did not specify etching time for
the HF acid, however, both the etching times and acid
concentration in the P acids is based on the manufactur-
er’s recommendations. This study will guide clinicians in
terms of bonding values that occur when differentacids are
used with newly introduced resin cements. Furthermore,
the current study has information about the types of acids,
acid concentrations, and their etching times to be used in
restorations that require more retention.

V. Conclusions

Within the limitations of this study, the following con-
clusions can be drawn:
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1. Applying HF acid increased shear bond strengths of
VE and VS compared to P acid etching within the
groups.

2. SBS of same acid agents to VE and VS groups were
significantly different from other groups.

Acknowledgements

The author would like to express appreciation to Dt.
Ozge Erarslan for her help.

References

1 Ustun, O., Buyukhatipoglu, 1.K., Secilmis, A.: Shear bond
strength of repair systems to new CAD/CAM restorative ma-
terials, J. Prosthodont, doi: 10.1111/jopr.12564. (2016). [Epub
ahead of print].

2 El-Damanhoury, HM., Gaintantzopoulou, M.D.: Self-etch-
ing ceramic primer versus hydrofluoric acid etching: etching
efficacy and bonding performance, J. Prosthodont Res., 62,
75-83, (2017).

3 Barutcigil, K., Barutcigil, C., Kul, E., Ozarslan, M.M,,
Buyukkaplan, U.S.: Effect of different surface treatments on
bond strength of resin cement to a CAD/CAM restorative ma-
terial, J. Prosthodont, doi: 10.1111/jopr.12574, (2016). [Epub
ahead of print]

4 Giordano, R.: Materials for chairsidle CAD/CAM-produced
restorations, J. Am. Dent. Assoc., 137 Suppl., 1421, (2006).

5 Ab-Ghani, Z., Jaafar, W., Foo, S.E, Ariffin, Z., Mohamad,
D.: Shear bond strength of computer-aided design and com-
puter-aided manufacturing feldspathic and nano resin ceram-
ics blocks cemented with three different generations of resin
cement, J. Conserv. Dent., 18, 355-9, (2015).

6 Nobuaki, A., Keiichi, Y., Takashi, S.: Effects of air abrasion
with alumina or glass beads on surface characteristics of CAD/
CAM composite materials and the bond strength of resin ce-
ments, J. Appl. Oral Sci., 23, 629 - 36, (2015).

7 Buyuk, S.K., Kucukekenci, A.S.: Effects of different etching
methods and bonding procedures on shear bond strength of
orthodontic metal brackets applied to different CAD/CAM
ceramic materials, Angle Orthod., 88, 221 -26, (2018).

8 Jetti, R.R., Balasubramaniam, M., Chidambaranathan, A.S.,
Srinivasan, S.: Evaluation of shear bond strength of feldspathic
CAD/CAM ceramic with dentin using 2 bonding agents and
2 surface Treatments- an invitro study, J. Clin. Diagn. Res., 9,
36-9, (2015).

9 Gee, C., Weddell, J.N., Swain, M.V.: Comparison of three
and four point bending evaluation of two adhesive bonding
systems for glass-ceramic zirconia bi-layered ceramics, Dent.
Mater,, 33, 1004— 11, (2017).

10 El Gamal, A., Medioni, E., Rocca, J.P., Fornaini, C., Muham-
mad, O.H., Brulat-Bouchard, N.: Shear bond, wettability and
AFM evaluations on CO, laser-irradiated CAD/CAM ceram-
ic surfaces, Lasers Med. Sci., 32, 779 -85, (2017).

11" Biacchi, G.R., Mello, B., Basting, R.T.: The endocrown: An
alternative approach for restoring extensively damaged molars,
J. Esthet. Restor. Dent., 25, 383 -90, (2013).

12 Yao, C., Zhou, L., Yang, H., Wang, Y., Sun, H., Guo, J. et
al.: Effect of silane pretreatment on the immediate bonding of
universal adhesives to computer-aided design/computer-aided
manufacturing lithium disilicate glass ceramics, Eur. J. Oral
Sci., 125, 17380, (2017).

13 Kim, J.Y., Cho, G.Y., Roh, B.D., Shin, Y.: Effect of curing
mode on shear bond strength of self-adhesive cement to com-
posite blocks, Materials, 9, 210, (2016).

14 Cekic-Nagas, 1., Ergun, G., Egilmez, E, Vallittu, PK., Las-
sila, L.V.: Micro-shear bond strength of different resin ce-
ments to ceramic/glass-polymer CAD-CAM block materials,
J. Prosthodont. Res., 60, 265273, (2016).



December 2018

Mokhtarpour, E, Alaghehmand, H., Khafri, S.: Effect of
hydrofluoric acid surface treatments on micro-shear bond
strength of CAD/CAM ceramics, Electron Physician., 9,
5487-93, (2017).

Mormann, W., Wolf, D., Ender, A., Bindl, A., Gohring, T,
Attin, T.: Effect of two self-adhesive cements on marginal
adaptation and strength of esthetic ceramic CAD/CAM mo-
lar crowns, J. Prosthodont., 18, 403 —10, (2009).

Erdemir, U., Sancakli, H.S., Sancakli, E., Eren, M.M., Ozel,
S., Yucel, T. et al.: Shear bond strength of a new self-adher-
ing flowable composite resin for lithium disilicate-reinforced
CAD/CAM ceramic material, J. Adv. Prosthodont., 6, 434 —43,
(2014).

Bellan, M.C., Cunha, P., Tavares, J.G., Spohr, A.M., Mota,
E.G.: Microtensile bond strength of CAD/CAM materials to

Shear Bond Strength of Computer-Aided Design and Manufacturing (CAD-CAM) Ceramics

20

21

395

dentin under different adhesive strategies, Braz. Oral Res., 31,
109, (2017).

Hu, M., Weiger, R., Fischer, J.: Comparison of two test de-
signs for evaluating the shear bond strength of resin composite
cements, Dent. Mater., 32, 223 -32, (2016).

Sato, T.P., Anami, L.C., Melo, R.M., Valandro, L.E, Bottino,
M.A.: Effects of surface treatments on the bond strength be-
tween resin cement and a new zirconia-reinforced lithium sili-
cate ceramic, Oper. Dent., 41, 284-92, (2016).

Zogheib, L.V,, Bona, A.D., Kimpara, E.T., McCabe, J.E.: Effect
of hydrofluoric acid etching duration on the roughness and

flexural strength of a lithium disilicate-based glass ceramic,
Braz. Dent. ]., 22, 45-50, (2011).






