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ABSTRACT

ceramic restorations.

ceramic crowns.

-

Objective: The purpose of this study was to investigate the effects of the different surface treatments on fracture strength of the zirconia-based

Methods: Each of 120 dental implant abutments and analogs were used in the present study. Zirconia core materials were manufactured on
dental implants by using CAD/CAM device and they were randomly divided into 6 groups (n=20) according to surface pretreatments; control
group (Group C), airborne-particle abrasion (Group AA), silica-coating (Group SC), Nd:YAG laser (Group N), bur-cut from cervical region (Group
BC), and bur-cut on the functional tubercule (Group BT). Cementation was succeeded with two different types of cements including a dual-
cure resin-cement and a glass ionomer cement. The obtained data were evaluated statistically using one-way ANOVA and Tukey tests (p=0.05).

Results: No statistically significant difference was found between the groups (p>0.05). Similarly, no statistically significant difference was found
between the resin cement and glass ionomer groups with respect to fracture strength values (p>0.05).

Conclusion: Within the limitations of the present study, surface treatments and cement have no effect on the flexural strength of zirconia

Keywords: Dental implants; dental lasers; fracture strength test; surface treatments, CAD/CAM.

1. INTRODUCTION

Zirconia-based restorations became popular with a high
level of flexure strength and fracture toughness, durability,
chemical and dimensional stability compared with other all-
ceramic restoration systems (1-5). However, a translucent
ceramic superstructure should be applied onto the opaque
zirconia-substructure to obtain more esthetic restorations
(2,4,6,7). Sailer et al. reported that the failure rate of
veneered zirconia frameworks was 13.0% and 15.2% after
3 and 5 years and chipping of the veneering ceramic is the
one of the main factors responsible for reduced survival
rates (8,9). In addition, the bonding between the zirconia
core and the tooth is important for the clinical success
of zirconia restorations (6,10,11). Thus, there have been
considerable efforts by many researchers to modify the
surface properties of zirconia, mechanically and chemically
by various surface treatments (12,13). Several techniques,
especially the airborne particle abrasion with alumina, silica
coating, various adhesive monomer and metal primers and

CO2, Nd:YAG, and Er:YAG laser treatments (10,12,14,16)
have been reported to facilitate the bond strength between
resin cement and Y-TZP ceramic.

On the other hand, recent studies have expressed concern
about cracking and surface flaws produced by surface
pretreatments including grinding, sandblasting, and laser,
which may induce the tetragonal to monoclinic phase
transformation of zirconia and, thus reducing the strength
and toughness, decreasing reliability and increasing the
failures in the clinic (17).

However, limited studies on flexural strength testing after
surface treatment of the zirconia have been done. In the
light of all these data, the purpose of the present study
was to investigate the effects of roughening and abrasion
procedures (airborne-particle abrasion, silica coating, Nd:YAG
laser irradiation, grinding from the cervical line and grinding
from functional tubercule) applied to the zirconia surface on
the flexural strength of the zirconia-based restorations. The
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hypothesis tested was that surface treatment procedures
applied on zirconia result in lower flexural strength of the
restorations.

2. METHODS

120 implant analogs and abutments with a diameter of 4.5
mm and a length of 9 mm (including 3.5 mm gingival length)
(AnyOne, MegaGen Co. Ltd., Kyungsan, South Korea) were
used in this study. Implant analogs were embedded into the
acrylic resin using the copper analogs (Figure 1). Abutments
were seated on the implant analogs and tightened with the
torque values of 30 N cm according to the manufacturer
suggestion.

2.1. Fabrication of the Zirconia Specimens

A CAD/CAM system (Yenamak, Yenadent Ltd. Sti., Istanbul,
Turkey) was used to design and mill the crowns. Mandibular
first molar crowns with a buccolingual width of 8 mm, a
mesiodistal width of 10 mm, and an occlusal thickness
of 1.5 mm was designed over implant abutments. Of the
substructures; 20 were fabricated 0.2 mm longer at the
cervical line for the group of bur-cut from cervical region
whereas 20 were fabricated thicker at 0.2 mm occlusal to
the functional tubercules for the group of bur-cut on the
functional tubercule. Milled crowns were finished and
polished following manufacturers’ instructions. Furthermore,
crown dimensions were verified with a digital caliper (Altas
905, Gedore-Altas, Istanbul, Turkey).

Specimens were then divided into 6 experimental groups
(n=20) according to the surface treatments applied:

Group C—untreated (control): This group served as the
control group, so no treatment was applied to the zirconia
surfaces in this group.

Group SB—sandblasted: The bonding surfaces of the zirconia
specimens were sandblasted (Ney, Blastmate Il, Yucaipa,
CA, USA) with 120 pm aluminum oxide (ALO, ) for 10 s.
The air pressure for sandblasting was maintained at 2 bars.
Specimens were mounted in a special holder at a distance
of 10 mm between the surface of the specimen and the
blasting tip. Then, the specimens were rinsed under running
water and dried with oil-free compressed air to remove the
remnants.

Group SC—silica-coating: 30 um silica-modified Al203
particles (Colet Sand) were sprayed on the surface of the
specimens with an intraoral airborne-particle abrasion
device (Co-Jet, 3M ESPE, St Paul, MN, USA) at 2 bars for 10
s. In order to adjust application distance of 10 mm, a special
holder was used.

Group N—Nd:YAG laser irradiated with contact mode:
Bonding surfaces of zirconia specimens were irradiated with
a Nd:YAG laser (Smarty A10, Deka Laser, Florence, Italy).
Laser energy was delivered in pulse mode with a 300 mm
diameter laser optical fiber, a wavelength of 1,064 um at

100 mJ (pulse energy), 10 Hz (repetition rate), 1 W (output
power), 300 ps (pulse duration), and 141.54 J/cm? (energy
density) for 20 s. In addition, only air cooling was used during
the laser irradiation of the specimens.

Group BC—bur-cut from cervical region: Cervical region of
the zirconia was milled 0.2 mm with a black-belt torpedo
diamond bur (MDT Dental, Afula, Israel) under water cooling.

Group BT—bur-cut on the functional tubercule: Functional
tubercule of the zirconia was milled 0.2 mm with a black-belt
torpedo diamond bur (MDT Dental, Afula, Israel) under water
cooling.

Silicone index was used to standardize veneer thickness for
all groups. Feldspar veneering ceramic were performed on
the zirconia frameworks (VITABLOCS Mark Il, VITA Zahnfabrik,
Bad Sackingen, Germany) according to the manufacturer
suggestions.

2.2. Cementation of the Specimens

The obtained crowns were cemented onto the implant
abutments (Figure 2). The specimens of each groups were
divided into 2 groups and two different cement materials
were used in cementation procedure. For each group, half of
the specimens were adapted with a dual-cure resin cement
material (Panavia SA, Kuraray, Tokyo, Japan) including MDP
while other half of the specimen were adapted with a glass
ionomer cement material under finger pressure. A 2 kg
force was applied on the crown to standardize the force
during cementation. In this manner, it was exposed to light
for 2 seconds and pre-hardening was performed. Residual
cement fragments were cleaned using a sound and radiation
was applied for 20 seconds at each surface of the crown in
accordance with the instructions of the manufacturer (Elipar,
3M ESPE, St Paul, MN).

2.3. Fracture Strength Test of the Zirconia-Based Specimens

After cementation procedure was completed, all of the
specimens were stored at 37°C distilled water bath device
(Niive BM 302 — Niive Sanayii Malzemeleri imalat ve Ticaret
A.S., Ankara, Turkey ) for 24 hours. Then these specimens
were subjected to the thermal cycling machine (GM,
Gokeeler Makine Tic. ve San. Ltd. Sti., Sivas, Turkey) for 3000
cycles. After aging process, the specimens were attached to
a custom jig of a universal testing machine (Lloyd LF Plus,
Ametek Inc, Lloyd Instruments, Leicester, UK) and fracture
strength test was performed (Figure 3). A 5 mm-diameter
metal end was inserted to fit the central fossae of the
specimens at a crosshead speed of 1 mm/min to determine
their fracture strength in terms of Newton. At the same time,
fracture types of the specimens were saved. Fracture types
were termed as a crown fracture in presence of fractures
in both superstructure porcelain and zirconia or a fracture
between superstructure porcelain and zirconia; a cohesive
fracture in presence of only fracture of the superstructure
porcelain; an adhesive fracture in case of full detachment of
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crown and cements from the abutment and finally a mixed-
mode fracture if the fracture was both cohesive and adhesive
at the same time.

2.4. Statistical Analysis

In evaluating the data, the program IBM SPSS Statistics 22
(IBM SPSS, New York, USA) was used for statistical analysis.
Since the assumptions for a parametric test (Kolmogorov-
Smirnov) were fulfilled, one-way analysis of variance was
used to compare the means obtained from more than two
independent groups. Tukey tests were used to find the
differences between the groups. The data are stated as the
mean and standard deviation at the table, and an error level
of 0.05 was used.

3. RESULTS

Mean and standard deviation values of the groups for bonding
strength were shown (Table 1). No statistically significant
difference was found between the groups (p>0.05). Similarly,
no statistically significant difference was found between
the resin cement and glass ionomer groups with respect
to fracture strength values (p>0.05). In the resin cement
groups; the highest fracture strength was encountered in the
specimens which were applied 0.5 mm abrasion from the
functional tubercule whereas the lowest fracture strength
was found in the specimens of silica-coating group. In the
glass ionomer groups; the highest fracture strength was
encountered in the specimens which were applied laser
irradiation whereas the lowest fracture strength was found
in the specimens with abrasion at the cervical line.

Table 1. Statistical analysis of data in groups

Fracture Resistance

Groups n Resin cement Glass ionomer cement
Group C 10 1230 (382) 1153 (407)
Group AA |10 1195 (288) 1256 (472)
GroupSC |10 987 (352) 1092 (315)
Group N 10 1001 (244) 1396 (367)
Group B 10 1280 (448) 1064 (282)
Group O 10 1410 (498) 1338 (515)
4. DISCUSSION

In light of the obtained data, the hypothesis that surface
treatment procedures applied on zirconia result in lower
flexural strength of the restorations was rejected. In
the literature, conflicting results could be seen on the
effects of grinding with diamond instruments on Y-TZP’s
mechanical properties. A positive effect could be met in
some studies (18,20), due to the phase transformation
toughening mechanism, where grinding triggers a t-m phase
transformation, which results in a volumetric expansion
of nearly %4 around the superficial defects, inducing
compressive stress concentration and consequently arresting
crack propagation (21). However, grinding introduces

important superficial defects that could be deleterious,
decreasing the mechanical properties and resulting in higher
risk of catastrophic failures were exhibited in other studies
(22,27).

In consistent with the results of the present study, Song,
advocated that airborne-particle abrasion and heat treatment
of the upper surface, corresponding to the outer surface of a
crown, did notinfluence biaxial flexural strength of the zirconia
specimens (6). Similarly, Jian found that veneer porcelain
applied directly after routine lab grinding of zirconia ceramic,
and liner porcelain application on rough zirconia cores may
be preferred to slightly enhance strength reliability (28). In
addition, Ozcan advocated that silica-coating has positive
effect on the flexural strength of the zirconia ceramic (29).
However, Bankoglu Gungor exhibited that surface treatments
affected the phase transformation and biaxial flexural
strength of zirconia ceramics (30). Furthermore, presented
that application of surface treatments (laser and airborne-
particle abrasion) at pre-sintered stage may be detrimental
for zirconia ceramics in terms of flexural strength (31).

On the other hand, clinicians may choose to use resin
cements with lithium disilicate crowns due to several studies
showing that glass-based crowns luted with resin cement
demonstrated a higher strength than those luted with resin-
modified glass ionomer (RMGI) cement. Therefore, in the
present study, half of the specimens were luted with glass-
ionomer cement and half were luted with resin cement. The
present study shows that flexural strength is independent to
the cement types. However, Lawson advocated that cement
type (resin and resin-modified glass ionomer) affected
fracture load of crowns but surface treatment did not (32).

One of the limitations of this study is that fatigue loading
was not performed on the zirconia crowns. Therefore, future
studies could focus on the effects of surface treatment and
cement on the fatigue life of zirconia ceramic crowns.

5. CONCLISIONS

Within the limitations of the present study, surface treatments
and cement have no effect on the flexural strength of zirconia
ceramic crowns.
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