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BOND STRENGTH OF A SELF-ADHESIVE RESIN CEMENT TO Y-TZP CERAMIC

SUBJECTED TO DIFFERENT SURFACE TREATMENTS

Manoel Antunes Neto', William Cunha Brandt?, Milton Edson Miranda', Rafael Pino Vitti®

ABSTRACT

Obijective: The objective of this study was to evaluate the influence of different surface
freatments on shear bond strength of a yttrium stabilized zirconia (Y-TZP) to a self-ad-
hesive resin cement. Methods: Cylindrical samples (6mm diameter x 10mm height) of
a Y-TZP zirconia (Lava, 3M ESPE) were divided into four groups (n = 10): C) no surface
freatment (control); A) universal adhesive (Universal Bond Single, 3M ESPE); J) sandblast-
ing with silica-coated aluminum oxide (AlI203) particles; and JA) sandblasting with sili-
ca-coated Al203 + universal adhesive + silane. The self-adhesive resin cement (Rely X
Ultimate, 3M ESPE) was used to cement ceramic cylinders on acrylic resin blocks. The
light-curing was performed using a LED (Valo, Ultradent) with irradiance of 1000 mW/
cm? for 25s. Samples were stored for 24 hours in dark at 37°C. The shear bond strength
test was performed using a universal testing machine (EMIC, DL-2000). Data were an-
alyzed statistically by ANOVA-1 way and Tukey test (5%). Results: The JA group showed
the highest bond strength values. Both A and J groups showed the lowest bond strength
values and did not differ statistically between them. The control group presented inter-
mediate values. Conclusions: The surface treatment of the Y-TZP ceramic using sand-
blasting with silica-coated Al203 and universal adhesive significantly improved the

bond strength between this creamic and self-adhesive resin cement.
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INTRODUCTION

ental ceramics have good aesthetic, biological, mechanical

properties and functional requirements of a restorative ma-

terial.! The fragility of feldspathic (glassy matrix) ceramic is
the main disadvantage of this material. This ceramic needed to be
reinforced by an increased crystalline content (synthetic ceramics)
resulting in higher mechanical properties. Crystals such as leucite,
lithium disilicate, alumina and zirconia were used to create the re-
inforced ceramics that present better mechanical properties, such

as a fracture resistance two times higher than feldspathic ceramics.?

Dental ceramics have good aesthetic, biological, mechanical
properties and functional requirements of a restorative material.!
The fragility of feldspathic (glassy matrix) ceramic is the main dis-
advantage of this material. This ceramic needed to be reinforced
by an increased crystalline content (synthetic ceramics) resulting
in higher mechanical properties. Crystals such as leucite, lithium
disilicate, alumina and zirconia were used to create the reinforced
ceramics that present better mechanical properties, such as a

fracture resistance two times higher than feldspathic ceramics.?

Besides reinforced glass ceramic, there are also the polycrystal-
line ceramics that present a reduced (to none) volume of glass.
The main characteristic of these ceramics is the fine grains con-
tent in the crystalline structure increasing their mechanical prop-
erties. However, the absence of the glassy matrix creates a limited
translucency as well as does not promote etching with hydrofluoric
acid in these ceramics.? Among the polycrystalline ceramics, the

zirconia-based ceramics present high physicochemical proper-

ties, such as flexural strength, fracture toughness
(similar to metal) and hardness, high modulus of
elasticity, and excellent dimensional stability and

good biocompatibility with the buccal fissues.®

Zirconia assumes three crystallographic forms ac-
cording to temperature: monoclinic, tetfragonal and
cubic. Zirconia in its pure state has a monoclinic
crystalline structure at room temperature, and is
stable up to 1170°C. Between 1170°C and 2370°C the
zirconia has a tetragonal structure. Above 2370°C,
the zirconia crystals have a cubic shape.* During
the cooling the tetragonal phase again becomes
monoclinic and this transformation results in a sub-
stantial volume expansion of approximately 3-4%.
But, after the cooling the yttrium oxide is added to
zirconia in order to maintain in a metastable phase
at temperatures below the tetragonal to monoclinic
transformation temperature, creating the yttria-sta-
bilized zirconia (Y-TZP). This procedure improves
the mechanical strength of the zirconia, because
when the Y-TZP is induced by tensions that inifiate
the propagation of a crack, the tetragonal crystals
close to the crack become the stable monoclinic
phase. The volume expansion occured during this
transformation causes stresses of compression that
oppose the growth and propagation of the crack.®
Due to this combination of factors, the Y-TZP is a
viable option for manufacturing infrastructures and

indirect restorations.'?
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The understanding of the cementation clinical process of ceramic
restorations requires the approach of three main topics: surface
tfreatment of the restoration, treatment of the tooth, and the lut-
ing materials used®. The polycrystalline ceramics, such as Y-TZP,
have reduced glass matrix and they are considered acid-resistant
ceramics. Therefore, the hydrofluoric acid (5 or 10%) does not en-
hances surface roughening and, consequently, surface area.'?®
Polycrystalline ceramics require alternative adhesive techniques,
such as sandblasting with different sizes of aluminum oxide (ALO,)
particles. When these particles are silica-coated, the process is
called a tribochemical”?. The acceleration of the particle during
the sandblasting causes an impact and the silica stays adhered on
the ceramic surface. This process is also known as silicatization. In
this case, chemical bonding agents must be applied after silicati-
zation. The use of the silane agent is also indicated with materials
containing functional monomers such as adhesive systems (primer)
with phosphate monomer 10-MDP (10-methacryloxydecyl dihydro-
gen). As an alternative, self-adhesive resin cements with functiona

monomers can be used in this process.®™

The self-adhesive capacity of resin-based materials containing
functional monomers results from the presence of radicals derived
from carboxylic acids, phosphoric acids or their esters, or the in-
corporation of organic acids as additives. These monomers etch-
ing the substrate where they are being applied. Among the func-
tional monomers available in commercial self-adhesive materials,
besides 10-MDP, there are 4-MET (4-methacryloyloxyethyl trimel-
litic acid), o 10-MAC (11-methacryloyloxy-1,1-undecanedicarbox-
ylic acid) and phenyl-P (2-[methacryloyloxyethyllohenyl hydrogen
phosphat).?™

Besides the divergence in the dental literature
regarding the adhesive protocols (particle size
used in sandblasting, use of primers and its asso-
ciation with surface treatments), several alterna-
tives protocols have been proposed with the aim
of improving the adhesion on polycrystalline ce-
ramics’°. Thus, the aim the present study was to
evaluate and compare the effect of different sur-
face treatments of Y-TZP on shear bond strength

to self-adhesive dual resin cement.

MATERIAL E METHODS

Forty cylindrical samples of Y-TZP (Lava, 3M
ESPE) were produced by CAD/CAM system (5mm
diometer x 10mm height). The dimensions were
measured using a digital caliper with accuracy
of 0.0Imm (Mitutoyo). After polishing of the sam-
ples with silicon carbide sandpaper, the cylindri-
cal samples were cleaned in ultrasonic bath (T14,

L&R ultrasonic) for 3 minutes in deionized water.

The specimens were divided into 4 groups (n = 10)

according to the surface treatment:

C (control): without surface treatment. The ce-
mentation procedure was performed following

the manufacturer’s instructions;
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A: application of a universal adhesive system containing 10-MDP  SA: sandblasting in the same way as in group S +

(Single Bond Universal, 3M ESPE) on Y-TZP surface; universal adhesive system and silane.

S: sanblasting with silica-modified aluminum oxide (Al,O,) particles  The treated surfaces were marked with a per-
with 50um during 10s, at 1.5 bar pressure, at 10 mm distance (Fig 1).  manent pen for identification during the cemen-
tation. The samples that received sandblasting
were subjected to an ultrasonic bath for 3 min-
utes in alcohol 96%. The groups that received
universal adhesive followed the protocol recom-
mended by the manufacturer (application for 20s
and gently air-dried for 5s). For the cementation
of the resin cylinders, the self-adhesive dual resin
cement was dispensed (RelyX Ultimate, 3M ESPE)
and both base and catalyst pulps were handled
for 20s. A uniform resin cement layer was applied
in each sample prior the light-curing procedure.
The ceramic samples were luting on acrylic resin

blocks at a constant pressure (~ 1kg) (Fig 2).

Figure 1:

Sandblasting of the specimens.

Figure 2:

Ceramic specimens cemented on acrylic

resin blocks.
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Thus, the light-curing was performed using a light
emitting diode (LED, Valo, Ultradent) with irradi-
ance of 1000 mW/cm? for 25s, in order to ensure
the complete polymerization of the resin cement.
The specimens were stored in dark for 24h at

37°C.

The shear bond strength test was performed us-
ing a universal testing machine (EMIC, DL-2000)
at a crosshead speed of 0.5 mm/min. The force
required to cause fracture was recorded in New-
tons (N). So, the bond strength in Megapascal
(MPa) was calculated by dividing the force (N)
by the area (mm? of the adhesive interface (mr?,

where m = 314 and r = 2.5mm).

Table 1:

After the normality test (Kolmogorov-Smirnov), the data were ana-

lyzed statistically by ANOVA-one way) and Tukey test (5%).

RESULTS

Table 1 shows that different surface treatments of the Y-TZP ce-
ramics influenced the shear bond strength means values (p<0.01).
The highest bond strength value was found in SA group, which did
not differ statistically from the control group (p>0.05). Both A and S
groups had the lowest bond strength values and did not differ sta-

tistically between them and with control group (p>0.05).

Mean (SD) of shear bond strength (MPa) of the different groups evaluated.

GROUPS BOND STRENGTH
Control (C) 12,79 (+ 3,89) "8
Adhesive (A) 8,18 (+ 2,66) ©

Sandblasting (S)

773 (= 5,48) ®

Sandblasting + Adhesive (SA)

14,64 (+ 6,21) *

Means followed by different letters differ from each other (p<0.05).
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DISCUSSION

According to the results of the present study, the tribochemical sur-
face treatment of a Y-TZP ceramic resulted in significant increase
of the shear bond strength to self-adhesive dual resin cement. The
adhesion between Y-TZP ceramic and resin cement is the result
of physicochemical interaction between ceramic/cement interface,
and the surface treatment performed in the ceramics to promote
this interaction.”®" The sandblasting (physical treatment) depends
on the surface topography of the ceramic and may be character-
ized by surface energy, increasing the wettability of the surface.”
The chemical treatment is promoted with adhesives or primers
containing functional monomers, such as 10-MDP, a component

present in the adhesive used in the present work.

The association of sandblasting with silica-modified AL O, particles
with 50um associated with adhesive system containing 10-MDP
was significant, because SA group presented the highest values of
shear bond strength. Sandblasting removes contaminated surface
layers and promotes an increase in surface roughness, increasing
the micromechanical retention of the resin cement on the ceramic
surface and, consequently, improving the bond strength of the ce-
ment/ceramic interface.”" It is worth mentioning that this treatment
is controversial, because sandblasting could cause micro-cracks
in the ceramic, reducing the longevity of the zirconia restorations in
25%."? Therefore, the dentist should be careful to choose the size of
the particles used in the sandblasting as well as the pressure used

during this procedure.

The adhesive and/or resin cement could ob-
struct the small micro-cracks,” besides the fact
that sandblasting causes a transformation of
the monoclinic phase in Y-TZP, creating stress-
es of compression that oppose the growth and
propagation of the crack and increase the flex-
ural strength of the Y-TZP ceramic.” The possible
deleterious effects of sandblasting (structural de-
fects in ceramics) were also observed in the pres-
ent study, because the S group presented the low-
est bond strength values. In addition, despite the
negative results of sandblasting with silica-mod-
ified ALLO, particles on the mechanical proper-
ties of Y-TZP ceramics, only adhesives systems
containing 10-MDP did not result in improvement
of the adhesion values (A group). For this reason,
it is necessary the surface treatment associating
sandblasting and adhesive, as shown in the pres-
ent work, where SA group presented the highest

bond strength results.

The results in scientific literature should be care-
fully analyzed, since there is no standardization in
the methodology (different sizes of AL O, parficles,
pressure and fime used in sandblasting, sample
size/substrates and specimens’ storage) and ma-
terials (different adhesives/primers/resin cements),

resulting in different bond strength results.®®
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In addition to decreasing the flaws that may oc-
cur in sandblasting procedure, the adhesives
containing 10-MDP is beneficial because the
monomer chemically bonds with metal oxides
present in Y-TZP.*'*® The application protocol of
an adhesive and/or primer after sandblasting is
a simple technique and does not require the use
of costly equipment. However, such technique is
sensitive because require the application of a
thin and uniform adhesive layer. A thick layer acts
as an obstacle in the adhesion.® Moreover, the
adhesive layer is susceptible to hydrolysis,"*"?
which could decrease the bond strength values
(specimens were stored in water). This factor as-
sociated with surface roughness not complete-
ly removed during polishing with silicon carbide
sandpaper of the Y-TZP surface could justify the

intermediate bond strength values of the control

group.

The clinical long-term success of indirect ceramic restorations in
laboratory studies is realized with artificial aging.” Thermal and
mechanical cycling and/or water storage for a long time are im-
portant parameters to be evaluated that may have effects on the
shear bond strength of resin cement on Y-TZP surface.™®'" There-
fore, this can be considered a limitation of the present study. In
vitro mechanical tests allow to evaluate indirectly the clinical per-
formance of materials and restorative techniques. A previous study
shows that the adhesive interface analysis of indirect restorations
in ceramics can be realized by tensile and shear bond strength
tests, with no differences in the results.”” Considering that polycrys-
talline ceramics are difficult to cross-section, such as Y-TZP, the

shear bond strength test was used in this study.

CONCLUSION

Based on the obtained results, it can conclude the Y-TZP surface
should be sandblasted silica-modified Al,O, particles and receive
application of adhesive systems containing 10-MDP for cementa-

tion with self-adhesive dual resin cement.
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