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Microtensile bond strength of
CAD/CAM materials to dentin under
different adhesive strategies

Abstract: The present study aimed to evaluate the microtensile bond
(HTBS)
manufacturing (CAD/CAM) restorative materials to dentin using

strength of novel computer-aided design/computer-aided
different adhesive strategies. Thirty-two crowns were milled using
CAD/CAM materials (Vita Mark Il as control, Vita Suprinity, Vita Enamic
and Lava Ultimate) and luted to dentin using different resin cements
(RelyX ARC, RelyX Unicem 2 and RelyX Ultimate). The specimens were
stored in 100% relative humidity at 37°C for 24 h and sectioned. The
samples (n = 16) with cross-sectional areas of approximately 0.90 mm?,
were submitted to a UTBS test in a universal testing machine with a
crosshead speed of 0.5 mm/min. The samples were analyzed with
SEM to determinate the failure mode. According to 2-way ANOVA and
Tukey’s test (2=0.05), the interaction effect (material x luting strategy) was
significant (p=0.001). Regardless of the luting strategy, a higher U'TBS was
obtained with Lava Ultimate and Vita Enamic, which were significantly
different from Vita Mark Il and Vita Suprinity (p<0.05). For Vita Mark
I, Vita Suprinity, Vita Enamic, and Lava Ultimate, the uyTBS obtained
with RelyX Unicem 2 was not significantly different from that obtained
with RelyX ARC or RelyX Ultimate. All groups obtained at least three
types of failure. The adhesive strategy with self-adhesive resin cement
was comparable to conventional resin cement with total-etch or self-etch
adhesive techniques in the bond of novel CAD/CAM materials to dentin.

Keywords: Dental Bonding; Tensile Strength; Dentin; Resin Cements.

Introduction

The use of computer-aided design/computer-aided manufacturing
(CAD/CAM) technology has become popular during recent decades
in dentistry. This technology allows the dentist to mill restorations in
a single visit, merging features, such as speed and easy handling, with
longevity.! The restorations can be milled using ceramics (feldspar, leucite,
lithium-based, zirconia and alumina),?a polymer-infiltrated ceramic
network and a composite resin.**

To associate ceramic characteristics (high aesthetics, wear resistance,
biocompatibility, and color stability) with those of composites (viscoelastic
behavior and less wear of the opposite arch) and to improve its properties,
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new materials with different compositions have
been recently introduced in the market for use in
CAD/CAM systems.>¢

Within these materials, Lava Ultimate (3M ESPE, St.
Paul, MN, USA) is a nanoceramic resin that is composed of
nanoceramic particlesembedded ina highly cross-linked
resin matrix,* and Vita Enamic (VITA Zahnfabrik, Bad
Sackingen, Germany) is a polymer-infiltrated ceramic
network that consists of a feldspar ceramic network
infiltrated with a dimetacrylate polymer network.”® An
additional material that became available for CAD/CAM
technology is Vita Suprinity (VITA Zahnfabrik, Bad
Sackingen, Germany). This material consists of a zirconia-
reinforced lithium silicate ceramic that supports a wide
range of applications, and after crystallization, exhibits
higher mechanical properties>!

Adhesive luting is recommended to bond
CAD/CAM materials to the tooth structure and
support the oral environment. However, the total-etch
adhesive strategy is a complex, multi-step technique
and may compromise the effectiveness of bonding.
Due to this limitation, self-adhesive resin cements
were developed to simplify the bonding procedures,
to reduce clinical steps and to shorten the “window
of contamination”. These luting materials do not
require any pretreatment of the tooth surface, such
as an etchant, primer, or bonding agent; thus, the
cementation can be performed in a single step.!>**

Due to the countless variables widely described in
the literature, doubts about the interactions between the
luting cement, restorative material, and conditioning
protocol treatment remain in clinical practice. The present
study aimed to evaluate the UTBS of novel CAD/CAM
restorative materials to dentin using three different
adhesive strategies: i) conventional resin cement with
the total-etch adhesive technique; ii) conventional resin
cement with the self-etch adhesive technique; and iii)
self-adhesive resin cement. The null hypothesis to be
tested was that the adhesive strategies do not influence
the bonding of CAD/CAM materials to dentin.

Materials and Methods
Specimen preparation

Thirty-two intact caries-free extracted human third
molars were selected for this study. All teeth were
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stored in an aqueous solution of 0.5% chloramine-T at
4°C for 7 days and then stored in distilled water at 4°C
for a maximum of 6 months. The teeth were collected
under a protocol reviewed and approved by the local
ethics committee (Approval # 48466815.7.0000.5336).
Flat coronal dentin surfaces were exposed by removing
the occlusal enamel and superficial dentin with a
slow-speed, water-cooled diamond saw (Labcut 1010,
Exterc Corp., London, England). Dentin surfaces were
abraded with #600 grit silicon carbide (SiC) paper
under running water to create standardized smear
layers and then ultrasonically cleaned in distilled
water for 5 min.

The flat surfaces were coated with CEREC Optispray
(Cerec Optispray, Sirona, Bensheim, Germany) and
scanned with CEREC® Omnicam (Cerec Optispray,
Sirona, Bensheim, Germany). A telescopic crown
was designed based on the exact virtual 3D model
reproduced. The crowns were milled according to
the manufacturer’s instructions using a Cerec MC
XL (Cerec Optispray, Sirona, Bensheim, Germany).

The materials used in this study are presented in
Table 1. The specimens were divided into 12 groups
according to the material (Vita Mark II as control,
Vita Suprinity, Vita Enamic and Lava Ultimate)
and luting cement (RelyX ARC, RelyX Unicem 2 and
RelyX Ultimate).

Surface treatment of the restorative
materials

Vita Mark II, Vita Suprinity and Vita Enamic:
sandblasted with 50-um aluminum-oxide (AL,O;)
particles with a dental airborne-particle abrasion unit
(Bioart, Sdo Carlos, Brazil); ultrasonically cleaned for
5 min in distilled water and air dried; etched with
hydrofluoric acid 10% (FGM, Joinville, Brazil) for 60,
20 s and 60 s, respectively; and then ultrasonically
cleaned for 5 min in distilled water and air dried.

Lava Ultimate: sandblasted with 50-ym aluminum-
oxide (AL,O;) particles and ultrasonically cleaned for
5 min in distilled water and air dried.

After, the silane coupling agent (Dentsply,
Petroépolis, Brazil) was applied for 60 s and air dried
for RelyX ARC and RelyX Unicem 2 luting cements.
For RelyX Ultimate cement, a coating of Scotchbond
Universal was applied and gently air-dried.



Table 1. Materials, composition, batch number and, manufacturer.
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Material Product and composition* Batch #

Vita Mark lI* Control

Vita Suprinity®

Silicon dioxide 56-64%, aluminum oxide 20-23%, sodium oxide 9-11%, potassium oxide 6-8%, calcium 45500
oxide 0.3-0.6%, titanium dioxide 0.0-0.1%

Zirconia-reinforced lithium silicate ceramic, zirconium oxide 8—12%, silicon dioxide 56—-64%, lithium 48940
oxide 15-21%, various >10%

Hybrid ceramic (resin infiltrated ceramic network) Ceramic: silicon dioxide 58-63%, aluminum oxide

Vita Enamic®

20-23%, sodium oxide 9-11%, potassium oxide 4-6%, boron trioxide 0.5-2%, zirconia and calcium 45810

oxide. Polymer part (25%): UDMA and TEGDMA

Cured dental restorative, consisting of silica nanomers (20 nm), zirconia nanomers (4—11 nm),

Lava Ultimate®

nanocluster particles derived from the nanomers (0.6-10 nm), silane coupling agent, and resin matrix

N708503

(BisGMA, Bis-EMA, UDMA and TEGDMA).
PASTE A: Silane-treated ceramic, TEGDMA, BisGMA, silane-treated silica, functionalized dimethacrylate

polymer, triphenylantimony
PASTE B: Silane-treated ceramic, TEGDMA, BisGMA, silane-treated silica, functionalized dimethacrylate

RelyX ARCP

1526500149

polymer, 2-benzotriazolyl-4-methylphenol, benzoyl peroxide

Adper Single

BisGMA, HEMA, UDMA, dimethacrylates, ethanol, water, camphorquinone, photoinitiators, polyalkenoic

N688653

Band 2° acid copolymer, 5-nm silica particles

Base paste: silane-treated glass powder, 2-propenoic acid, 2-methyl-, reaction products with
2-hydroxy-1,3-propanediyl dimethacrylate and phosphorus oxide, TEGDMA, silane-treated silica, sodium

RelyX Unicem 2°

persulfate, glass powder, tertbutyl peroxy-3,5,5- trimethylhexanoate, cooper acetate monohydrate 588286

Catalyst paste: Silane-treated glass powder, substituted dimethacrylate, 1-benzyl-5-phenyl-barbic-acid,
calcium salt, silane--treated silica, sodium

Base paste: Silane--treated glass powder, 2-propenoic acid, 2-methyl-, reaction products with
2-hydroxy-1,3-propanedyl dimethacrylate and phosphorus oxide, TEGDMA, silane--treated silica, oxide
glass chemicals, sodium persulfate, tertbutyl peroxy-3,5,5- trimethylhexanoate,

RelyX Ultimate®

copper acetate monohydrate

1516800384

Catalyst paste: Silane-treated glass powder, substituted dimethacrylate, 1,12-dodecane dimethacrylate,
silane--freated silica, 1-benzyl-5-phentyl-barbic-acid, calcium salt, sodium p-toluenesulfinate, 2-propenic
acid, 2-methyl-, di-2,1-ethanediyl ester, calcium hydroxide, titanium dioxide

Scotchbond

Universal®

BisGMA, HEMA, decamethylene dimethacrylate, ethanol, water, silane-treated silica, 2-propenoic acid,
methacrylated phosphoric acid, copolymer of acrylic and itaconic acid, ethyl-4-dimethylaminobenzoat,
camphorquinone, (dimethylamino) ethyl methacrylate, methyl ethyl ketone

1516800384

*The chemical composition information was obtained from the manufacturer’s material safety data sheet. BisGMA: Bisphenol A-diglycidyl
dimethacrylate; Bis-EMA ethoxylated bisphenol A dimethacrylate; TEGDMA: Triethylene glycol dimethacrylate; UDMA: urethane dimethacrylate;
HEMA.: hydroxyethyl methacrylate. Manufacturer: *Vita Zahnfabrik, Bad Sackingen, Germany, ®3M ESPE, St. Paul, USA.

Dentin surface preparation

All surfaces were cleaned with pumice/water at
low speed.

RelyX ARC: etched with 37% phosphoric acid
(FGM, Joinville, Brazil) for 15 s, washed and gently
air-dried. Application of Adper Single Bond 2: agitated
for 15 s, gently air-dried for solvent evaporation and
photopolymerized for 20 s.

RelyX Unicem 2: no treatment.

RelyX Ultimate: application of Scotchbond
Universal, agitated for 20 s, and gently air-dried for
5 s to evaporate the solvent.

Luting procedures
The cement was hand-mixed and applied on the
dentin surface. A standardized constant pressure

of 2 kg was applied to the flat surface of the crowns
using a customized metallic device. The specimens
were light-cured with a high-intensity LED (3M ESPE,
St. Paul, USA) unit calibrated at 1,900 mW/cm? for
40 s on each side for the RelyX ARC groups and for
20 s for the other luting cement groups. The bonded
specimens were stored in distilled water for 24 h at
37°C to wait for the monomer conversion.

Microtensile bond strength test

After 24 h, the specimens were vertically
sectioned into serial slabs and further into sticks
with a water-cooled diamond blade using a
low-speed cutting saw. Sixteen samples (n = 16)
with cross-sectional areas of approximately 0.90 mm?
were obtained for each group. The specimens were
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attached to the universal testing machine (DL-2000
EMIC, Sao José dos Pinhais, Brazil) device using
cyanoacrylate (Super Bonder Gel, Loctite Brazil Ltda,
Sédo 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 (mm?) for each sample was used to calculate
the uTBS in MPa using Mtest software (T-Systems,
S&o Paulo, Brazil).

Fractured specimens from each group (n = 16)
were air-dried, mounted on metallic stubs, sputtered
with a gold layer, and then examined under a
scanning electron microscope (SEM) (Inspect F50,
FEI, Marshall, USA) operated at 20 kV with different
magnifications (250x, 1000x and 2000x) to determine
the failure modes. Failure modes were classified
into five types: a) cohesive failure into resin cement,
b) adhesive failure between dentin and adhesive
or resin cement, c¢) adhesive failure between resin
cement and restorative material, d) cohesive failure
into restorative material, and €) mixed failure when
more than one type occurred.

Statistical analysis

The UTBS values were analyzed using a two-way
ANOVA (restorative material x adhesive strategy) and
post hoc multiple comparisons using Tukey’s test.
p < 0.05 was considered significant. The software
used was SPSS v17 (SPSS Inc., Chicago, USA).

Results

The two-way ANOVA analysis revealed that the
restorative material was significant (p = 0.001), the
luting strategy was not significant (p = 0.176), and the
interaction effect was significant (p = 0.001) (Table 2).

Table 2. The uTBS mean (MPa) and standard deviations.
Variable RelyX ARC

Vita Mark |l 12.17 £2.088%

16.62 + 6.46%

29.31 £ 7.20%b

30.71 £4.42 4

Vita Suprinity
Vita Enamic

Lava Ultimate

Regardless of the luting strategy, a higher pfTBS was
obtained with Lava Ultimate and Vita Enamic, which
were significantly different from those of Vita Mark II
and Vita Suprinity (p <0.05). For Vita Mark II, a higher
UTBS was obtained with RelyX Ultimate (15.38 MPa),
which did not differ significantly from RelyX Unicem 2
(14.88 MPa). RelyX Unicem 2 did not differ significantly
from RelyX ARC (12.17 MPa). For Vita Suprinity, there
were no significant differences between the RelyX
ARC (16.62 MPa), RelyX Unicem 2 (14.21 MPa) or
RelyX Ultimate (12.81 MPa). For Vita Enamic, a higher
UTBS was obtained with RelyX Ultimate (32.88 MPa),
which was not significantly different from that
obtained with RelyX ARC (29.31 MPa). RelyX ARC
was not significantly different from RelyX Unicem
2 (2597 MPa). For Lava Ultimate, a higher pnTBS was
obtained with RelyX Unicem 2 (32.93 MPa) and RelyX
ARC (30.71 MPa), which were significantly different
from that obtained with RelyX Ultimate (21.64 MPa).

The failure modes are represented in Figure 1. All
groups obtained at least three types of failure. For Vita
Mark II, the predominant failure mode was the cohesive
failure into resin cement (Figure 2a). However, for Vita
Suprinity, when RelyX ARC was used, the predominant
failure mode was adhesive between dentin and Adper
Single Bond 2 adhesive (Figure 2b), whereas for RelyX
Unicem 2 and RelyX Ultimate, the failure mode was
adhesive between resin cement and restorative material
(Figure 2c). The main failure mode observed with Vita
Enamic and RelyX Unicem 2 was adhesive between
resin cement and restorative material, but for RelyX
ARC and RelyX Ultimate, it was cohesive into resin
cement. The predominant failure mode noted for Lava
Ultimate with RelyX Unicem 2 and RelyX Ultimate was
cohesive into resin cement. However, with RelyX ARC,
it was the adhesive between dentin and the adhesive.

RelyX Unicem 2 RelyX Ultimate

14.88 £ 3.61¢® 15.38 + 4.05%
14.21 + 3.88% 12.81 + 3.03%
25.97 £5.45 % 32.88 + 4.29%
32.93 £6.63* 21.64 £6.02

Mean values represented with the same superscript uppercase lefters (column) and same lowercase letters (line) indicate no significant differences

according to Tukey’s test (p > 0.05).
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0% 10% 20%  30%

40%

[ Cohesive failure info resin cement
[l Adhesive failure between resin cement and restorative material

M Mixed failure

50% 60% 70% 80%  90% 100%

@ Adhesive failure between dentin and adhesive or resin cement
[ Cohesive failure into restorative material

Figure 1. Failure mode analysis.

Discussion

The results showed that depending on the
restorative material, the adhesive strategy influences
the bond of CAD/CAM materials to dentin, rejecting
the null hypothesis.

In the present study, two vitreous ceramics (Vita
Mark II and Vita Suprinity), one polymer-infiltrated
ceramic material (Vita Enamic), and a composite
resin (Lava Ultimate) were evaluated. Vita Mark
I1, a feldspathic ceramic, was considered the
control since this material has been on the market
for several years. Additionally, the specimens
submitted to uTBS testing corresponded to a stick
with a cross-sectional area of ~0.90 mm?, and two
main bond interfaces were formed at the time of
luting the restorative materials on the dentin. The
interfaces were a dentin-resinous agent interface
and a resinous agent-restoration interface. Thus,
the pTBS values should be analyzed together with
the types of failures that occurred in the different
groups because the bond strength may be related
to different interfaces.

Overall, Vita Enamic and Lava Ultimate obtained
higher uTBS values, which might be explained by
the differences in the moduli of elasticity among
the restorative materials." In previous studies, the
moduli of elasticity of Vita Enamic and Lava Ultimate
were 30.1 GPa® and 12.8 GPa,* respectively, which are
similar to that of dentin (16 - 20.3 GPa)® and lower than
those of Vita Mark II (57.2 GPa)'® and Vita Suprinity
(7044 GPa)’Moreover, Vita Enamic and Lava Ultimate
have similar moduli of elasticity to resin cements.”
The more brittle materials (Vita Mark II and Vita
Suprinity) tend to start the fracture at the adhesive
interface at lower values than the more resilient
materials (Vita Enamic and Lava Ultimate),"* which
could explain the lower pTBS values of Vita Mark II
and Vita Suprinity. Therefore, the differences in the
moduli of elasticity among the materials could play
a role in the bond strength results.

In an attempt to improve the bonding between
resin cements and restorative materials, various
surface treatments that facilitate chemical and
micromechanical retention have been suggested.

Braz. Oral Res. 2017;31:€109 5
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WD det HV  mag spot — — WD det HV  mag o spot
11.1 mm ETD 20.00 kV. 250 x 3.0 ]5.6 mm ETD 20.00 kV. 250 x 3.0

<3

WD det HV mag spot. —— 500 ym —— WD det HV  mag o spot — 10 V111]
11.1 mm ETD 20.00 kV. 250 x 3.0 15.6 mm ETD 20.00 kV. 250 x 3.0

g i X I i
det HV  mag spot WD —— 500 ym —— det ] spot WD
ETD 20.00 kV. 250 x 4.0 25.8 mm ETD 20.00 kV. 250 x 4.0 24.8 mm

RC: resin cement; A: adhesive; D: dentin; RM :restorative material.

Figure 2. SEM images of the main failure modes obtained in the study. Left side: dentin side of the sample. Right side: restorative
material side of the sample. a) cohesive failure into resin cement; b) adhesive failure between dentin and adhesive; c) adhesive
failure between resin cement and restorative material.
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Increasing the surface energy of the composite by
sandblasting, followed by silanization has been
recommended as a predictable means to ensure
retention between the resin cement and restorative
composite.®*2 Furthermore, the silane coupling agent
also contributes to uTBS. It is an adhesion promoted
between the organic (methacrylate monomers of the
resin cement matrix) and inorganic (fillers of the
indirect composite) surfaces and creates a chemical
bond between the CAD/CAM resin blocks and
resin cements.*?%2122 Dye to these reasons, the Lava
Ultimate samples were sandblasted and silanized
in the present study. The failure mode for Lava
Ultimate with RelyX Ultimate and RelyX Unicem 2
was predominantly cohesive into resin cement. Thus,
the treatment of the dentin and of the restorative
material was efficient, causing intrinsic rupture of
the resin cement. However, cohesive failure into the
resin cement did not necessarily provide higher bond
strength values for the Lava Ultimate samples luted
with RelyX Ultimate (21.64 MPa). When Lava Ultimate
was luted with RelyX ARC, a high percentage of
adhesive failure between the dentin and the Adper
Single Bond 2 adhesive occurred, and the bond
strength was higher (30.71 MPa) and did not differ
significantly from that of RelyX Unicem 2 (32.93 MPa).
For Lava Ultimate, the influence of micromechanical
interlocking on the performance of the adhesive
interface is particularly important since a high degree
of conversion of polymers decreases the potential
for chemical co-polymerization of any remaining
free monomers with the monomers of the adhesive
or resin cement.”

The adhesion of ceramic materials may be
enhanced by increasing the surface energy, and it
can improve the wettability of the adhesive or resin
cement on the material surface.?* Thus, internal
surface etching with hydrofluoric acid was performed
according to the etching times recommended by the
manufacturers of Vita Mark II, Vita Suprinity and
Vita Enamic to create a reactive area that promotes
resin infiltration. Vita Mark II and Vita Enamic
were etched for 60 s. In Vita Mark II, this surface
treatment dissolved the glassy phase and promoted
evident craters and pits, creating a honeycomb-like
surface ideal for micromechanical retention.” The

Bellan MC, Cunha PF]S, Tavares |G, Mota EG

chemical etching process can be explained by the
preferential reaction of the hydrofluoric acid with the
silica phase of the feldspathic ceramic (Vita Mark II)
to form hexafluorosilicates.? The topography of the
etched surface of Vita Enamic was characterized by
the persistent resin matrix, while the ceramic matrix
was partially removed, and microporosities were
formed on the surface. Consequently, the surface of
the ceramic became rough and micromechanically
retentive.”? Vita Suprinity was etched for 20 s, and
this surface treatment created a relatively smooth
surface with small undercuts, which can be attributed
to the specific microstructure with fine, densely
packed crystals.” Additionally, when the ceramic is
etched, hydroxyl groups are exposed, and this group
allows a chemical interaction with the silane coupling
agent.?®® Therefore, the samples were silanized in
the present study.

When Vita Suprinity was luted with RelyX Unicem
2 or RelyX Ultimate, a high percentage of adhesive
failure between the resin cement and restorative
material was observed. Ramakrishnaiah et al.*°
evaluated the extended etching time of Vita Mark
II and Vita Suprinity and showed that the surface
roughness and wettability of silica-based ceramics
increased. Al-Thagafi et al.'” evaluated different
etching protocols for Vita Suprinity and obtained
higher values for the tribochemical silica coating
with a silane coating. This finding indicates that the
etching protocol for Vita Suprinity could be revised.
Additionally, when Vita Suprinity was luted with
RelyX ARC, the predominant failure mode was
adhesive between the dentin and Adper Single Bond
2 adhesive. Thus, compared with Adper Single Bond
2, the bond strength of Scotchbond Universal with
RelyX Ultimate and RelyX Unicem 2 self-adhesive resin
cement performed better on the dentin. However,
regardless of the failure modes obtained, the bond
strength values did not differ significantly between
the adhesive strategies for Vita Suprinity.

The failure mode was predominantly cohesive
into resin cement for Vita Mark II luted with the
three adhesive strategies and for Vita Enamic
luted with RelyX ARC and RelyX Ultimate. Thus,
the treatment to the dentin and to the restorative
material was efficient, causing intrinsic rupture of

Braz. Oral Res. 2017;31:€109 7
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the resin cement. Vita Enamic has a low percentage
of organic matrix, which may contribute little to the
chemical co-polymerization of free monomers with
the monomers of the adhesive or resin cement.”
Therefore, it is assumed that micromechanical
retention is important for the bond interface. However,
when Vita Enamic was luted with RelyX Unicem 2,
a high percentage of adhesive failure between the
resin cement and restorative material occurred,
having the lowest bond strength (25.97 MPa) among
the adhesive strategies. This result suggests the need
to find alternative surface treatment protocols to
stabilize this bond.

The present study showed similar uTBS values
between separate bottle of silane coupling agent and
the universal adhesive, Scotchbond Universal, which
contains in one solution silane, HEMA, MDP and
Bis-GMA.*32 However, previous studies reported
that separate silane steps perform better than
silane-containing universal adhesive,* especially
for long-term storage® and thermocycling.®3

The success of indirect restorations depends
largely on the bonding system to ensure an effective
and stable bond between the restorative material and
dental substrates.* Different bonding strategies were
applied in the present study: total-etch adhesive,
self-etch adhesive, and self-adhesive resin cement.
This study demonstrated that the self-adhesive resin
cement did not differ from those with adhesive
application. This finding contributes to the desire
for simplification of the luting procedure.

In the present study, the adhesive strategy effect
was not significant. Suzuki et al.* tested RelyX
Unicem and RelyX ARC at pITBS and recorded no
significant differences. Hikita et al.”” evaluated the
same strategy and concluded equal bond strength
to dentin. In both studies, compared with the tested
materials, the restorative material used was a direct
resin composite with a lower modulus of elasticity.
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