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Abstract: Introduction: Urgent demand for high-esthetic material, which at the same
time has the possibility of absorption of mastication stress, has led to the technological
development of hybrid nanoceramics used in CAD / CAM technology.

Aim: The aim of the study was to evaluate the effects of different surface modifica-
tion of hybrid nanoceramic crowns on the quality of the cement retention and the influence
of the mastication stress after one year of function.

Material and methods: 50 hybrid nanoceramic CAD/CAM crowns (CERASMART,
GC) are cemented on titanium implant abutments with self-adhesive resin cement (G-CEM,
LinkAce). The samples were divided into five main groups according to surface treatment
(n=10): I (sandblasted with 50 microns Al,O3), II (treated with CERAMIC PRIMER II,
GC), III (treated with 5% hydrofluoric acid), IV (treated with combination of 5%
hydrofluoric acid and CERAMIC PRIMER 1I), V (control, non-treated group). The samples
were storaged during 24 hours at 37°C, thermocycled and loaded under 10 000 mechanical
cycles loads (simulation of 12 months of function). Retention forces measured in Universal
testing machine. The data were represented as mean =+ standard deviation, and for statistical
analysis ANOVA test was used.

Results: The highest initial retention force was demonstrated in the group IV
(6.99+1.18), followed by group I (6.22+1.29), group III (5,97+1,25), group II (5,86+1,17)
and control group samples (4.92+1.19). A statistically significant decline in retention force
was recorded in all tested groups, with the lowest decrease observed in samples treated with
a combination of 5% hydrofluoric acid and CERAMIC PRIMER 1I (6.08 + 1.03).

Conclusion: Mechanical and chemical surface modification can strongly influence
the retentions between resin cement and hybrid nanoceramics. The results from this study
are suggesting that the most efficient clinical outcome is the combination of 5% hidrofluo-
ric acid and CERAMIC PRIMER I1.

Keywords: hybrid nanoceramics; surface treatments; termocycling; mechanical
cycle loading; cementation; cement retention.
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1. INTRODUCTION

High esthetic demands of contemporary
implantoprosthetic restorations have caused introdu-
cing completely ceramic restorations into dental prac-
tice. Ceramic as a structural material satisfies
completely the required esthetic parameters, and alt-

hough it has been used in dental implantoprosthetics
as a structural material, shortcomings in the sense of
brittleness and low flexural strength are limiting its
clinical application and there are still attempts to eli-
minate them. With the appearance of the new genera-
tion of monolithic, machine processed, hybrid materi-
als, these shortcomings have been eliminated. The
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above mentioned materials combine the advantages of
composite and glass-ceramic materials and have a
relatively high flexural strength, modulus of resistan-
ce and low flexural modulus [1]. In contrast to a natu-
ral tooth, which possesses the physiological mecha-
nism of amortization of masticatory forces, due to its
structure and modulus of dentin elasticity, as well as
the system of periodontium, which beside the amorti-
zation of forces transfers the pressure equally on the
surrounding bones, the ankylosed implant, attached to
the bone, transfers all the load directly onto the bone
and a great part of load is generated within the
complex implant-abutment-restoration. This genera-
tion of load, if one takes into consideration the cha-
racteristic of low flexural strength and fragility of
ceramics, leads to the appearance of fractures within
the restoration. By combining Young’s elasticity
module of composite materials, which is similar to
dentin with good esthetic performance of ceramics, an
ideal restoration material would be obtained. On the
basis of this kind of thinking, ceramics infiltrated by
the composite was developed, and it shows characte-
ristics similar to the structure of natural teeth.

The new type of hybrid ceramics was develo-
ped for the usage within the CAD/CAM technology,
in the form of blocks, which were produced in indu-
strial, strictly controlled conditions, and therefore,
the performances of materials are significantly
improved in comparison to the material obtained in
the conventional laboratory processes [2]. These
materials combine improved properties of ceramics,
such as permanence and color stability, with the
properties of composite materials, such as the
improved elasticity module, increased flexural
strength and the level of abrasiveness adapted to the
natural tooth [3—4]. Several types of manufactured,
synthesized blocks for CAD/CAM technology have
appeared on the market by combining ceramics and
composite: Vita Enamic (Vita Zahnfabrik, Bad Sac-
kingen, Germany), Lava Ultimate (3M-ESPE, See-
feld, Germany), and GC Cerasmart (GC Dental Pro-
ducts, Leuven, Belgium). Essentially, it is the mate-
rial, which is primarily ceramics, manufactured with
nanomers and nanoclusters with the percentage of
ceramics 80 wt% on average. Nanomers are silica or
zirconia with the cell’s diameter of 20 nm and 4-11
nm. This material, in accordance with the demands
of biomimetic imitation of nature, shows equal resi-
stance to fractures as glass ceramics and basically it
is in balance with the structure of enamel with the
elasticity module similar to dentin [5]. Technologi-
cal process of manufacturing these materials goes in
two directions: porous, presintered ceramics is con-
ditioned, and then its infiltration with polymers is
performed, or the polymer is mixed directly with the

ceramics filler. Due to its good performances, com-
posite cements are bonds, which are chosen in
contemporary implantoprosthetics. These cements
have exceptionally good mechanical properties;
achieve high retention, and due to the resin they
have good marginal sealing; they are resistant to
changes of pH; they minimally soluble in the oral
cavity and they accomplish high esthetic standards
[6]. The estimation of usage of composite cements in
implantoprosthetics has been the topic of numerous
researches [7-9].

Repeated contact stress during mastication
and temperature fluctuation can lead to the fatigue of
cement material and its degradation and dissolution.
The process of aging, beside the change of internal
characteristics of material, significantly influences
the value of force with which the restoration is con-
nected to the abutment. In the light of clinical appli-
cation, weaker mechanical bond of the restoration
and implant abutment can result in opening the mar-
ginal seal, cement weakening and decementing of
the restoration. The quality of the bond between the
composite cement and abutment is at the beginning
smaller in comparison with the bond between
cement and natural tooth, and therefore the speed of
degradation, that is, cement deterioration in the oral
cavity is more intense in the bond between the resto-
ration and abutment. Due to the above mentioned
reason, it is necessary to use the adhesion promoters,
so called primers, whose task is to improve the bond
between different materials on the chemical base.

Numerous studies have proved that the way of
treating the surface of ceramics before cementing
has a strong influence on the strength of the compo-
site cement bond [10—11]. Micromechanical reten-
tion can be improved through sandblasting or acid
etching, whereas the means for silanization provides
the chemical bond. With the aim of improving the
bond between the composite cement and ceramics,
numerous methods for the preparation of bonding
surface, which improve the chemical and micromec-
hanical retention, have been recommended [12—13].

On the other hand, composite materials include
two stages, inorganic ceramics/glass filler and polymer
matrix, which can be cross-linked or linear polymer
based. It is known that binding of composite materials
for cross-linked polymers is a great challenge, while
linear polymers are easier for binding [13]. Generally,
all composite cements are based on adhesive binding
with the surface, which demands the adequate prepara-
tion of binding surface. The preparation of material’s
surface for binding the composite cement, in accordan-
ce with the characteristics of materials inside the
hybrid ceramics, is more complex in comparison to
pure ceramic and composite materials. Although the
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influence of the way of treating binding surfaces of
titanium and different types of ceramics, from which
abutment and implant supported restorations are made,
on the quality of the bond with the composite cement
has been analyzed in numerous studies, data about the
influence of the way of treating the binding surface on
the quality of bond CAD/CAM of nanohybrid restora-
tions and composite cement are limited.

There are not many studies in the world about
procedures of treating the surface of hybrid ceramics
before cementing, but the increasing usage of hybrid
ceramics implies the need to define the directives
and protocol of surface preparation [14—15]. The
aim of this in vitro study is the evaluation of the
effect of different treatments of the surface of
nanohybrid ceramics and influence of masticatory
load during one year of function on the strength of
the bond with composite cement. The null
hypothesis of this study was: 1) The way of treating
the surface of hybrid nanoceramics influences the
strength and quality of the composite cement bond;
2) Exposure to masticatory load and temperature
fluctuations influences the quality of the bond
between nanoceramics and composite cement. 3)
Decrease of retention force depends on the number
of masticatory cycles and the way of treating the
binding surface before cementing.

2. MATERIAL AND METHOD

In this study, 50 experimental models were
used, and they were made as the combination of
Implant replica Nob Rpl NP and titanium abutment
(Easy abutment), on which restorations milled of
hybrid nanoceramics blocks CERASMART, GC
(Figure 1) were fixed with dual-cured composite
cement (GC LINK Ace).

Table 1. Experimental groups

Figure 1. Experimental sample (titanium abutment and
restoration made of hybrid ceramics CERASMART, GC.

The titanium abutment was fixed with the for-
ce of 35 n/cm with the moment key for the implant
replica. Scanning of samples was performed with the
scanner DD Argus M2 HD Dental Scanner, Dental
Direct, GmbH.

Restorations were designed in Exo CAD unit
of the CAD/CAM system and then milled from
hybrid nanoceramics CERASMART, GC blocks.
With the aim of standardizing the samples, occlusal
2/3 restorations were milled according to the model
of Frasaco tooth, the lower second premolar. With
the aim of preventing the break-through of cement
into the interior of the abutment, the access channel
for the screw was closed with the help of PTF tape.

The samples were divided into 5 experimental
groups (n=10), which were treated in different ways
before cementing (table 1).

GROUP

SURFACE TREATMENT

Group 1. Samples treated by sandbla-
sting (SB)

Sandblasting with Al,O; particles (50 microns), from a distance of 10 mm,
for 20 seconds, at a pressure of 0.2 Mpa. After sandblasting, it was cleansed
from the residual particles.

Group 2. Samples treated by Ceramic
primer (CP)

Surface silanization by applying a thin layer of Ceramic Primer II. After 60
seconds, the surface is dried by air jets.

Group 3. Samples treated by
hydrofluoric acid (HF)

Surface treatment by 5% hydrofluoric acid (HF; IPS Ceramic Etching Gel
5%, Ivoclar Vivadent, Schaan, Liechtenstein) for 60 seconds, rinsed with
water jets for 60 seconds and dried by air jets for 20 seconds.

Group 4. Samples treated with the
combination of hydrofluoric acid and
silane (HF+CP)

Surface treatment by 5% hydrofluoric acid (HF), with the same protocol as
in group 3, after that silanization was done by Ceramic Primer II, applying
the same protocol as in group 2.

Group 5. non-treated, control group (C)

Non-treated samples.
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After the preparation of the surface, all sam-
ples were cemented in a uniform way with a dual-
cured composite cement G-CEM LinkAce® GC.
The restoration with cement is, after placing onto the
abutment, on the hydraulic press, under the control-
led continual pressure of 5 kg, after which the initial
light polymerization of cement is performed in the
area of the marginal seal lasting three seconds.
Gummy consistency makes the removal of cement
excess in one piece without damaging the area of
marginal seal easier. After the finished process of
cementing, examples of all four experimental groups
are stored during the next 24 hours in the conditions
of 100% humidity and temperature of 37° in order to
make the conditions more similar to those in the oral
cavity.

Table 2. Materials used in the study

Afterwards, with the aim of simulating
masticatory load, to which the restoration is exposed
to in the oral cavity, the samples were exposed to
cycles of mechanical cyclic load, whose number cor-
responded to the period of simulation of function in
the oral cavity (simulation 6 and 12 months of fun-
ction). Inside each experimental group, two cycles of
testing were performed according to the previously
established schedule (table 1).

Retention force was measured with the Uni-
versal testing machine. 40 measurements were per-
formed in total, 10 in each experimental group.

Materials, which were used in the study, were
presented in Table 2.

adhesive universal
resin cement, with
high content of self
adhesive components

MATERIAL TYPE MANUFACTURER COMPOSITION
CERASMART Hybrid nanoceramic GC Corp., Tokyo, Japan Silica (20 nm) and barium glass (300 nm)
CAD-CAM block nanoparticles (71 wt.%) Polymers (29%) of
Bis-MEPP, UDMA, and DMA
G-CEM LinkAce | dual-cure self- GC Corp., Tokyo, Japan Paste A: UDMA 10%-20%,

Ymethacryloxypropyltrimethoxysilane
.2.5% Paste B: UDMA 25%-50%,
methacryloxypropyltrimethoxysilane .2.5-
10%, A,a-dimethylbenzylhydroperoxide 1

Ceramic Primer | (ceramic and compo-
II site bonding primer)

GC Corp., Tokyo, Japan

90%-100% ethanol, 1%-5% 2,20 -ethylene
dioxydiethyl dimethacrylate, 1%-5%
methacryloyloxydecyl dihydrogen phosp-
hate, ,1% (1-methylethylidene) bis[4,1-
phenyleneoxy(2-hydroxy-3,1-
propanediyl)] bismethacrylate. Application
protocol: Applying to the ceramic surface
for 2 minutes and then air drying.

HF; IPS Ceramic | Ceramic Etching Gel | Ivoclar Vivadent, Schaan, | Aqueous solution of hydrofluoric acid
Etching Gel 5%, Liechtenstein (5%) Surface etching for 60 seconds, rin-
sed with water jets for 60 seconds and
dried by air jets for 20 seconds.
Danville Alumi- | Sandblasting particles | Danville, Zurich, Al,Oj3 particles, 50 microns
num Oxide Switzerland
3. RESULTS exposing the samples to thermal cycling and mecha-

Samples treated with the combination of
hydrofluoric acid and silane show the highest initial
retention force (6.99+ 1.18), and they are followed
in the falling series (progression) by the samples,
which were treated by sandblasting (6.22+1.29),
hydrofluoric acid (5.97+1.25), silane (5.86+1.17)
and non-treated, control group (4.92+1.19). After

nical loading cycles, with the help of ANOVA test,
statistically significant decrease of the retention for-
ce in all the examined groups of samples was obser-
ved, while the lowest decrease of retention was
recorded in samples treated with the combination of
hydrofluoric acid and silane (6.08+1.03). The com-
parison of values of experimental groups’ retention
forces is shown in table 3.
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Table 3. The comparison of retention values in the examined samples

Experimental group Unloaded Retention force after 12 | Statistical signi-

samples months of function ficance

Non-treated samples (C) AC | 4,92 3,4 p=0,009<0,05
ca | 1,19 0,85

Sandblasting samples - AL,O; (50 microns) AC | 6,22 4,73 p=0,009<0,05

(SB) Ca | 1,29 0,9

Samples treated with hydrofluoric acid (HF) AC | 5,97 4,89 p=0,052>0,05
Ca | 1,25 0,9

Samples treated with Ceramic Primer 11 AC | 5,86 4,56 p=0,019<0,05

(CP) ca | 1,17 1,03

Samples treated by combination of 5% AC | 6,99 6,08 p=0,035<0,05

hydrofluoric acid (HF) and Ceramic Primer 11 Ca| 1,18 1,03

(HF+CP)

Two samples from the experimental group
number two (samples treated with 50 microns
Al O;) underwent fracture damages during testing in
the Universal testing machine and they were not
taken into account during statistical analysis.

Three-way ANOVA test shows that there is
connection between the way of treating the surface,
mechanical cyclic load and retention force of the
cement (p<0.05). According to the results of ANO-
VA test, we came to conclusion that statistically sig-
nificant difference (p<0.05) existed between the

group of non-treated samples and samples treated
with the combination of 5% hydrofluoric acid and
silane Ceramic Primer II with the value of the reten-
tion force after the first cycle of testing (table 4, 5).

The results of Mann-Whitney U test showed a
statistically significant difference between the first
(0) cycle of testing and the second cycle of testing
(12 months) in all experimental groups in the avera-
ge retention force except the experimental group
treated with hydrofluoric acid HF (table 4, 5).

Table 4. Statistical comparison of the results between the experimental groups before mechanical cyclic load and ther-

mal cycling
C SB HF CP HF+CP

C 0,138 0,320 0,424 0,004
SB 0,138 0,990 0,965 0,622
HF 0,320 0,990 1,000 0,344
Cp 0,424 0,965 1,000 0,253
HF+CP 0,004 0,622 0,344 0,253

Table 5. Statistical comparison of results between experimental groups after mechanical cyclic load and thermal

cycling

C S HF CP HF+CP
C 0,025 0,009 0,065 0,000
S 0,025 0,996 0,995 0,021
HF 0,009 0,996 0,938 0,053
CP 0,065 0,995 0,938 0,007
HF+CP 0,000 0,021 0,053 0,007

*statistically significant difference exists when p<0.05

According to the results of ANOVA test, we
came to conclusion about the existence of
statistically significant difference after the second
cycle of testing with the average value of retention
force between the non-treated samples and samples,
which were sandblasted with Al,O; particles (50
microns), samples treated with silane Ceramic Pri-

mer II, samples treated with HF acid and samples
treated with the combination of 5% hydrofluoric
acid and Ceramic Primer II (p<0.05). Also,
statistically significant difference was recorded
between the samples treated with the combination of
5% hydrofluoric acid and silane Ceramic Primer II
and samples sandblasted with Al,O;, as well as
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between the samples treated with the combination of
5% hydrofluoric acid and silane Ceramic Primer 11
and samples treated with Ceramic Primer II
(p<0.05).

4. DISCUSSION

Permanence and functional efficiency of
implant-supported restorations fixed with cements
are determined, among other things, by the appropri-
ate procedure of cementing, thus achieving the
adequate binding of the restoration for the implant
abutment and quality edge sealing.

The results of this study unambiguously
showed that the way of preparing the surface for
cementing influences the strength of the bond
between the composite cement and hybrid ceramics,
thus confirming the first hypothesis of this research.
The research also showed that the protocols of mate-
rial aging significantly decrease the strength of the
bond between cement and hybrid ceramics, which
confirms the second set hypothesis. In the world lite-
rature, there are very few official scientific studies
about the influence of the ways of treating the surfa-
ce of hybrid ceramic materials, which are prior to
cementing [13,16—18], and therefore there are still
no established protocols of preparation of these
ceramics, except those recommended by the manu-
facturer. Hybrid ceramic-composite materials pre-
sent structures with different share of ceramics and
composite, with which we can explain the specificity
of the preparation of their surfaces for cementing
[19].

As recommended by the manufacturer,
CERASMART hybrid ceramic should be treated
with sandblasting of hydro-fluorine, the acid which
is followed by the application of silane, Ceramic
Primer II [20]. Although the equivalent application
of sandblasting and hydrofluoric acid is recommen-
ded, the existing study proved that sandblasting of
the surface of CERASMART surface with the par-
ticles Al,Os, under the pressure of 0.2 Mpa, results
in higher strength of the bond between composite
cement and hybrid ceramics (6.22+1.29) in compari-
son to the surface, which has been eroded by HF
acid (5.98+1.25). Having in mind that statistically,
the greatest bond strength was found in the group of
samples, which were treated with the combination of
HF acid and silane (6.99+1.18), it can be concluded
that additional usage of silane significantly partici-
pates in the bond strength.

Campos and associates proved that the applica-
tion of hydrofluoric acid is more efficient in increa-
sing the roughness of hybrid ceramics surface (Vita

Enamic) than sandblasting. The reason can be in the
high content of ceramics with little participation of
composite component. Glass component contained in
this material is subject to dissolution when exposed to
the action of hydrofluoric acid [17].

The existing study proved that sandblasting of
the surface of hybrid material, which is prior to
cementing, significantly increases the bond with
cement from 4.92 MPa in non-treated samples to
6.22 MPa in sandblasted samples. Although some
other significant studies proved that sandblasting of
hybrid materials improves the bond with hybrid
materials, authors point to the necessary caution
when choosing the size of particles and the applied
pressure of sandblasting. A rapid decrease of the
bond strength in comparison to non-sandblasted
samples is observed in a uniform way in Lava Ulti-
mate material, when the pressure of abrasion is
increased to 0.3 MPa [21].

The authors proved with SEM analysis and
analysis of the surface roughness that the increase of
surface roughness increases with the increase of the
pressure of sandblasting, but it does not necessarily
result in the increase of the strength of the cement
bond [22,23].

In contrast to the bond between the conventi-
onal ceramics and composite cement, which shows
fracture on the seal between ceramic and composite,
in hybrid materials different results can be observed.
Cekic-Nagas and associates [24] observed the lost of
bond in 39% of samples Vita Enamic and composite
cement inside the hybrid material due to the cohesi-
ve structural damages of the material, while cohesi-
ve fractures were not registered in Cerasmart sam-
ples. The bond strength was high in cohesively frac-
tured samples. Cohesive fractures inside Vita Ena-
mic material indicate that the bond between cera-
mics and cement exceeded the strength of the mate-
rial itself.

The excessive pressure can cause the concen-
tration of tension inside the material with damages
inside the material and high rate of cohesive errors.
When the rate of damage is high, there is a great
possibility that the bond of the cement will surpass
the strength of the material, and therefore, the obser-
ved decrease of the bond strength can be connected
with the high pressure of abrasive particles, which
weakens the fractural stability of this material, more
than with the simple decrease of the strength of
cement bond.

In the existing study, in 25% of samples in the
group treated with 50 microns Al,Os particles, there
came to fractures inside the material during the
application of force necessary for separating the
restoration from the abutment, which confirms the
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findings of the above mentioned study of Kim and
associates.

In contrast to this, Chen and associates found
that treating with 50 microns Al,O; particles of the
surface of Lava Ultimate samples does not influence
the fractural resistance of the material, but it is
necessary to point out that the value of applied pres-
sure was not described [25].

The usage of particles Al,O; under the pressu-
re of 0.2 MPa leads to abrasion of the surface and
elimination of fillers. Due to the possibility that
alumina particles damage the surface of CAD-CAM
hybrid materials, the usage of glass particles is
recommended rather than alumina particles [26].

The previous study about the influence of
abrasion on the adhesion of two types of composite
cements, including the dual-curing, self-eroding
composite cement Panavia, and Lava Ultimate mate-
rial, found that the bond was significantly higher in
the group of samples treated with abrasion, in com-
parison to non-abraded group [27].

However, when after sandblasting and clea-
ning of the surface, the universal bond was applied,
the high strength of bonding was found even in the
group, which was not treated with abrasive particles.

The study of Lauvahutanon and associates,
which dealt with the comparison of mechanical cha-
racteristics of commercial composite blocks with the
contents of inorganic filler, ranked hybrid materials
according to the content of inorganic filler: Vita >
Vita Enamic > Lava Ultimate > Gradia Block >
Cerasmart >Bloch HC [28].

According to SEM analysis, the contents of
inorganic filler and EDS analysis, three types of
structures have been observed: composite matrix
with filler (BLO, CER, GRA and ULT), ceramics
net structure with composite matrix (ENA), and
ceramic structure (VIT).

Previous studies point to the correlation
between the contents of the filler contained in the
hybrid material and strength of cement bond [18—19].

Miyazaki and associates examined the relati-
onship between the contents of the filler and strength
of the bond between light polymerizing composite
and dentin in in vitro study and they found that the
bond strength increases with the larger amount of
filler [15,29].

Therefore, the improved bond of Vita Enamic
ceramics can be related to high percentage of fillers
(86%) in comparison to Lava and Cerasmart cera-
mics (80% and 71%). Two types of hybrid ceramic
structures have been tested: composite matrix with
filler (Cerasmart and Lava Ultimate) and ceramic net
with composite matrix (Vita Enamic).

A significant difference in the bond can be
explained by the amount and micro-structural cha-
racteristics of these CAD/CAM ceramics. Also, it is
possible that low strength of the bond, which was
observed in CAD/CAM composite blocks (Cera-
smart and Lava Ultimate), is caused by the penetra-
tion of water into the resin matrix of these blocks
after two days of storing in water and thermal
cycling. Furthermore, in composite material, partic-
les of inorganic filler are submerged in polymer
matrix without interconnection [30].

Therefore, materials with the ceramic net show
less water absorption. SEM observation shows that
there is no significant difference between the strength
of the ceramics and composite bond among the sam-
ples treated with HF acid and sandblasting. However,
significant difference was recorded in the microstruc-
ture of the surface in Vita Enamic, Lava Ultimate and
Cerasmart materials after the treatment [24].

The results are in accordance with previous
studies, which demonstrate HF treatment, as the
glass phase is dissolved on the surface, the bond is
established mainly with the composite resin [31].

Ceramics component is subject to eroding,
while selective dissolution happens when the mate-
rial is exposed to hydrofluoric acid, which results in
the increase of surface roughness and better mecha-
nical interlock with composite cement, and therefore
the bond strength would be, as expected, higher in
hybrid materials in which ceramic component is
dominant, and which can be, therefore, efficiently
abraded [32—34].

The results of the study show a stronger bond
in samples treated with the combination of HF acid
and silane in comparison to other applied methods.
The method of isolated sandblasting is on the second
place, disregarding the composite component which
dominates the structure of the material. The reason
can be in the additional chemical activation of the
surface with silane with the content of MDP.

The bond strength decreases after the applied
protocol of aging. However, the protocol of sandbla-
sting is recommended by authors during the prepara-
tion of the surface of ceramics and composite for
cementing.

In samples with surfaces treated before
cementing, the decrease of the cement retention after
the application of the protocol of aging was recorded
in another way, as well.

As the previous studies have shown
[35,33,17], ceramics and composites should not be
bound by composite cement before the previous
application of methods, which leads to the increase
of their roughness and mechanical bond as a
consequence of that.
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Although hybrid nanoceramics materials pre-
sent a very good solution for making restorations in
implantoprosthetics, primarily due to their ability of
amortization of masticatory stress and nice esthetics,
current clinical experience has shown that additional
caution is necessary, as well as more precise defi-
ning of the protocol of preparation of their surface
for cementing. 3M ESPE has recently removed indi-
cation for the crowns for Lava Ultimate hybrid
ceramics due to the recorded high rate of decemen-
ting [36—37].

Dealing with this problem, Schepke and asso-
ciates reported about the high rate of decementing of
digitally made restorations of composite nanocera-
mics (RNC, Lava Ultimate, 3M ESPE, Seefeld,
Germany), cemented with composite cement (RelyX
Ultimate combined with Scotchbond Universal, 3M
ESPE) onto zirconium abutments (ZirDesign and
ATLANTIS, DENTSPLY Implants, Modlndal,
Sweden). Decementing was, during the first year of
function, recorded in even 80% of restorations, disre-
garding the preparation of binding surfaces, which
was performed according to the manufacturer’s
instructions. They came to conclusion that a potential
explanation can be searched in the low module of
flexibility of Lava Ultimate hybrid ceramics of 12
GPa and consequential separation of the restoration
under stress [38]. The complex implant/abutment has
the minimal resilience and most of elastic deformati-
ons happen inside the material of the restoration, thus
resulting in the concentration of stress in adhesive
layer. Separation happens in the area of the weakest
point, the seal of zirconium abutment and cement.

An additional problem can be the fact that
during the surface preparation, MDP was not used in
the cement or silane content. The results of Schepke
and associates are contrary to the results obtained in
the existing study. The high survival rate of the bond
CERASMART CAD-CAM restorations and titani-
um abutments in the existing study could be
explained by the difference in the structure of the
material. Hybrid ceramic material CERASMART,
examined in this study, contains a flexible nanoce-
ramics matrix with equal distribution of nanocera-
mics (71% of fillers) [39].

Due to the flexible matrix, the material shows
the capacity to absorb stress, which is a desirable
characteristic in implant-supported crowns. Flexural
strength of CERASMART is 220 MPa — 240 MPa
[39, 28], which is somewhat more than feldspat
ceramics.

These are the facts that can explain
significantly different results. Also, the bond of
composite cement with titanium abutment has been
improved by the usage of silanes with the contents

of MDP, while in the work methodology of Schep-
ke, there is no data about the treatment of the surface
of zirconium abutment.

The results of the existing study showed that
the value of retention force significantly increases
after the usage of silane Ceramic Primer II
(5.86+1.17) in comparison to non-treated samples
(4.92+1.19), however, statistically significant higher
decrease of retention force was recorded after aging
of the samples in samples whose surface was not
treated (3.4+0.85) in comparison to the group, in
which silane Ceramic Primer II was applied
(4.56+1.03).

Silane, which was used in this study, Ceramic
Primer II contains 10-methacryloxydecyl dihydrogen
phosphate (MDP), which can have an additional
effect on the strength of the bond between composite
cement and nanohybrid ceramics. Similarly, previous
studies indicated that cements, which contain adhesi-
ve monomer (MDP), show greater bond strength in
comparison to other structures [40].

In the case of improving the adhesion with
silane, one should have in mind that adhesion modi-
fied by silane is subject to hydrolysis and that it
comes to the degradation of interface spontaneously
during plunging into water [41].

In accordance with it, samples whose surface
is treated exclusively with Ceramic Primer II show
the lower value of the strength of the cement bond
(5.86+1.17) in comparison to samples treated with
HF acid (5.97+ 1.25), but that difference is not
statistically significant. However, after the exposure
of samples to mechanical cyclic load, humidity and
thermal fluctuations, there comes to the higher dec-
rease of bond value in samples treated with Ceramic
Primer II in comparison to samples treated with HF.

Dual-curing cement was used in the study,
because previous studies showed that this cement is
more efficient in comparison to autopolymerizing
cement [42—43]. The universal bond was used as a
primer because it contains different functional compo-
nents, such as 10-methacryloxydecyl dihydrogen
phosphate (MDP) or silane, as addition to components,
which were present in the previous widely used pri-
mers. Moreover, in previous studies regarding the bond
between composites and hybrid ceramics, it was found
that the bond is stronger when the adhesive solution
contains MDP than when it contains only silane [24]. It
is deemed that silane can improve the bond because
hybrid ceramics also contains silica fillers. In this
study, the bond strength decreases significantly after
thermal cycling, in all the examined groups, which
demands the acceptance of the second null hypothesis.
After storing the samples in the water environment and
exposure to thermal fluctuations, the bond between
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ceramic parts of hybrid material and composite cement
may be endangered. In accordance with this study, the
previous study of Campos and associates examined the
effect of thermal cycling on the strength of the bond
between CAD/CAM ceramics and composite cement,
and it was concluded that the protocol of aging
significantly decreases the strength of the cement bond
[17]. Other studies confirmed that the strength of this
bond drastically decreases after aging and storing of
samples in water [17,44—45]. The decrease of bond
strength after thermal cycling can be connected with
the small molecular size and high molar water concen-
tration, which can negatively influence the thermal
stability of polymers. It comes to the penetration of
water into small spaces between polymer chains of
functional groups, resulting in the decrease of thermal
stability of polymers and causing plastification
[47—48]. These conditions can cause plastification and
possibly hydrolytic degradation of composite cement
[46—47]. Therefore, the permanence of the bond
between ceramics and composite material must be
additionally protected by the previous preparation of
the surface, which is based on the increase of roug-
hness [48]. The structure of ceramics itself determines
the manner of preparing the binding surface. It has
been proved that eroding of the surface by hydrofluoric
acid and silanization significantly improve the bond
with the cement [17]. Different compositions of blocks,
structures of fillers, compositions, type, concentration
and mechanical characteristics between different types
of hybrid ceramics may result in the fact that surface
treatments have different effects on the bond strength
in different types of hybrid materials, although the
same protocol of surface preparation was applied [17].

The lowest retention value in the group of sam-
ples with non-treated surface before and after aging
clearly points that the pre-treatment of surface is
necessary for achieving quality and clinically accepta-
ble bond between cement and hybrid ceramics.

The limit of the study is the fact that only one
type of hybrid material has been included in the
study, and as a consequence, the presented results
are valid only for CERASMART and must be inter-
preted carefully in relation to other types of hybrid
ceramics.

5. CONCLUSION

There have been a few scientific studies,
which dealt with the problem of adhesion of compo-
site cement on the surface of hybrid ceramics, in the
world so far, but the expansive growth of the usage
of hybrid ceramics imposes the need for defining
clear cementing protocols. The way of preparing the

surface for cementing significantly influences the
strength of the bond between composite cement and
nanohybrid material. Abrading the surface with
hydrofluoric acid or sandblasting, followed by che-
mical improvement of the bond with a suitable sila-
ne can be recommended. However, additional rese-
arch is necessary in order to define the appropriate
size of particles and applied pressure of sandbla-
sting. Disregarding the way of surface preparation,
aging of the material leads to the decrease of the
strength of the bond between cement and nanohybrid
material, but the intensity of the value decrease dif-
fers depending on the applied way of surface prepa-
ration. The lowest decrease of value is shown in the
samples treated with the combination of
hydrofluoric acid and silane. Additional researches
are necessary about the influence of the factors of
oral cavity on the bond strength, in the sense of
increasing the quantity of mechanical cyclic load
and thermal fluctuations.
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TOR

YTUIIAJ ITOBPHIMHCKOI' TPETMAHA CAD-CAM KPYHA N3PABEHUX OJ] XBPUJIHE
HAHOKEPAMMUKE HA KBAJIUTET BE3E CA KOMITIO3UTHUM HEMEHTOM

Casxerak: YBoa: Bucoku ecrerckn 3axTjeBU KOMOWHOBaHM ca NMOTpeOOM 3a mare-
pHjaioM KOju MMa MOTYhHOCT arcopmije cTpeca Kako OM ce IMOCTUTIIAa TACHBHOCT M CMa-
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BIJIO HeaJeKBaTHO onTepehere UMILIAHTa Y TOKY MAacTHKAIUje YCJIOBHO j€ TEXHOJOIIKA
pa3Boj xubpuaHux HaHnokepamuka y CAD/CAM TeXHOJIOTH]H.

[ws: Luse oBe cTyauje je OMO MCHMTATH YTHLQ] PA3IMYMTUX HAaYMHA NpPUIpEMeE
IMOBPHIMHE HAJOKHAJAC Ha KBAJIUTCT BE3C KOMIIO3UTHOI' HEMEHTA, Kao U yTI/l]_Iaj MacCTHKa-
TOPHHUX CHJIa y TOKY IIpBe roJuHe GyHKuuje.

Marepujan u meron: Y cryamju je kopumtheHo 50 exkcriepuMEHTaIHHMX MoOesa
CauMbEeHNX Kao koMOuHamuja nmmianT perumka Nob Rpl NP, turanunjymcknx abarmenra,
Ha Kkoje cy komno3utHuM nemeHToM GC LINK Ace ¢ukcupane HagokHane uchpe3oBaHe
on xubpumHnx Hanokepamudknx O01okoBa CERASMART, GC. Y3opuu cy noamjesbeHl y
ner ekcrepuMeHTaHux rpyna (H = 10), koje Cy mpuje [eMeHTHpaba TpEeTHPaHe Ha pa3iiu-
yute HauuHe: 1. mjeckapame dectunama Al,O; (50 mukpoHa); 2. cunanu3zanuja ca Ceramic
Primer 1II; 3. 5% xunpodnyopuuna kucenuna HF; 4. komOunanuja cunana Ceramic Primer
IT u 5% ¢1yopoBOAOHMYHE KUCEIHHE; 5. KOHTPOJIHA IPyIa, HETPSTUPAHU y30PIH. Y 30pIH
Cy MOXpameHU y ycloBHMa Biare y Toky 24 cata Ha 37°C U MOJIBPrHYTH MEXaHUYKUM
UKIHYHEM onTepehiemuma (cumynaruja 6 u 12 mjeceru ¢ynknumje). PeTteHnuona cuna je
MjepeHa Yy YHHBEP3aJIHOj MAIlIMHU 32 KUAbe.

Pesynratu: HajBuiny MHUIMjanHy pETEHIMOHY CHIIy ITOKa3yjy Y30pLM TpeTHpaHU
KOMOWHAIHjoM (DIyOpOBOIOHMYHE KHCENHHE U cuiaHa (6,99+1,18) a ciujene ra y onana-
jyheM Hu3y Tpyma y3opaka TpeTHpaHHX IjeckapemeM (6,22+1,29), xuapodryopoBoIoHNY-
HOM kucermmHOM (5,97+1,25), cumanom (5,86+1,17) um HeTpeTmpaHa, KOHTPOJHA Tpyma
(4,92+1,19). HakoH m3marama y3opaka Tepmonukiupamy U MIIO, ymorpebom ANOVA
TecTa, 3a0MIbEKEH je CTATUCTUYKK 3HAYajaH MaJji PETEHIIMOHE CUIe KOJI CBHX MCITUTHBAHUX
rpyma y3opaka, Mpu 4eMy Ce HajMamH Iaj peTeHlrje OMIbeXkH KOJl y30paka TPeTUpaHUX
KOMOMHAIMjOM (IIyOpOBOIOHHYHE KHCeNrHe U cuiana (6,08+1,03).

3akipyyak: MexaHuuKa 1 XeMHujcka o0pajia MoBpIIMHE 3HA4ajHO yTHUUE Ha KBAJIHUTET
B€3¢ KOMITO3UTHOT [[EMCHTA U HAHOXMOPUIHHUX HAJOKHANA, IIPU YeMy ce komOuHanuja 9%
(hiIyOopOBOZIOHMYHE KHCEIMHE M CHJIaHA M3/IBaja Kao HajeuKacHuja.

Kbyune pujeun: xubpuaHe HaHOKEpaMHKe, IPUIPEMa MOBPLIMHE 3a IEMEHTHpa-
e, MEXaHWYKa [IUKINYHA onTepehema, KBaINTET Be3€, pETEHIIN]a LIEMEHTA.
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