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Effect of different surface treatments on bond
strength between zirconia posts and root surfaces
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Abstract

Aim: In recent years, especially with the increase in aesthetic demands, there
has been a requirement to use the best aesthetic materials for dental
restorations. These restorations are especially needed in those teeth that have
crown loss due to a tooth fracture or extreme anterior tooth decay, post-core
Correspondence: treatment has been applied as getting support by tooth roots. Current
treatments involve removing the aesthetic disadvantages and making use of the
strength resistance of various metals. In this case, zirconium, which is a
white-coloured metal, is preferred. In this study, zirconia posts with different
surface treatments were cemented to the root canal and bond strength was then
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Received: 25 October 2019 Zirconia posts were divided into four groups according to the surface treatment
Accepted: 02 August 2020 methods as follows: a control group, a CoJet applied group, a sandblasting+laser
group and an Er:YAG laser group. The Er:YAG laser was administered at 450 mJ
at 10 Hz for 60 seconds with a 100-ps pulse duration. Surface-treated posts were
bonded to the root canal with Panavia F cement. Cores were made with the
standardized strip crowns. 5000 cycles, 5-55 °C thermal cycle applied with
transition time at 5 seconds. For push-out tests, roots were embedded in
translucent acrylic resin and coronal, middle third and apical sections were cut
into 1.5-mm slices. The maximum load at failure was recorded for each specimen
in newtons and then converted into megapascals (MPa). Each specimen was
inspected with a scanning electron microscope (SEM) at a magnification of 100
X. Data were analysed using Games-Howell tests with a significance level of 0.05.
Results: The coronal section from Group 3 had the highest mean push-out bond
strength (18.01 MPa), while the apical section from Group 1 had the lowest (4.49
MPa). Surface treatments had no significant effect on the mean push-out bond
strengths of zirconia posts (p > 0.05). However, dividing the root canal into three
sections had a significant effect on bond strength (p < 0.05). When the results
were evaluated for all groups, the push-out bond strength was highest in the
coronal section, then in the middle third and the lowest in the apical section.
Conclusion: The combined application (sandblasting+laser) had a significant
effect on the push-out bond strength of zirconia posts. The root region also had
a significant effect on bond strength and there was a significant difference
between the apical and coronal sections.
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Bond strength between zirconia posts and root surfaces

Diindar Yilmaz & izgi

Introduction

The rapid increase in aesthetic requirements in
recent years requires the use of aesthetically superior
materials in dental restorations. Therefore, aesthetic
posts combined with all-ceramic crowns, such as
zirconia-based ceramics, especially in broken or
coloured endodontically treated anterior teeth, have
become preferred for aesthetic purposes (1,2). Despite
the stabilization of the tetragonal phase,
transformation of its tetragonal state to the monoclinic
phase continuously occurs (3). This transformation
toughening property is responsible for its high fracture
resistance (4). Therefore, further studies are needed to
increase the retention of zirconia posts to the root
canal (5). Clinical success is related to mechanical
integrity and the bond strength of the materials. For
this reason, new strategies are needed to increase the
surface roughness of zirconia. One of these strategies
is to increase the bond strength at the interface (4).
Different surface treatments, such as sandblasting with
aluminium oxide particles, etching with acid, silane
application, silica coating or a combination of these
treatments, applied to the post surface have been used
to increase the bond strength (5).

Sandblasting with alumina particles results in
increased roughness of the surface and micro-retentive
areas (6,7). The purpose of acid etching is to remove
the smear layer left by the high-speed dental drill and
to create an irregular surface by preferentially
dissolving hydroxyapatite crystals on the outer
surface. This topography facilitates the penetration of
the fluid adhesive components into the
irregularities (8). Primers, such as silane, contain
functional monomers that create chemical adhesion
and silica materials, which are chemically composed of
silica with nanometric pores (5,6).

Recently, there has also been growing interest and
progress in the use of lasers in the dental field (7,8).
Lasers cause surface roughening and irregularities,
similar to the surface following acid
etching. Furthermore, laser etching of the surface has
been reported to yield an anfractuous surface and open
dentin tubules, both ideal for adhesion (8).

In this study, we aimed to investigate the
application of laser treatment and a combination of
laser and sandblasting as alternatives to different
surface treatments that increase bonding resistance
and then determine how they affect surface roughness.

Materials and Methods

Forty mandibular second premolar teeth, which
were extracted for periodontal or orthodontic
treatment, were used for this study. The teeth were
non-carious and had no previous restorations. Crowns
of all teeth were removed to 14 mm from the enamel-
cement margin by separation under irrigation with a
diamond disk (M Diatek). Root canal preparations were
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performed using Gates Glidden drills (Dentsply) and
irrigated with 5% NaOCl and filled with gutta-percha
(Dentsply). After root canal treatments, teeth were
kept in distilled water while zirconia posts were
prepared. The fabricated ParaPost was used as a
zirconia post.

The specimens were randomly divided into four
groups of 10 teeth each, as follows:

Group 1: No surface treatment.

Group 2: CoJet (CoJet Sand Blast Coating Agent,
3M ESPE) system with 30-pm silica-coated alumina
particles with 0.28 megapascals (MPa) of pressure.

Group 3: Sandblasting with 110-ym aluminium
oxide particles with 0.15 MPa of pressure plus Er:YAG
laser irradiation at 450 mJ, 10 Hz and 4.5 W for 60
seconds with a 100-ps pulse duration.

Group 4: Er:YAG laser irradiation treatment at 450
mJ, 10 Hz and 4.5 W for 60 seconds with a 100-ps pulse
duration.

After determining groups with different surface
treatments, posts were cemented to the root canal
with Panavia F 2.0 (Kuraray Dental) cement. These
procedures were made according to the manufacturer’s
suggestions. Cores were made with the standardized
strip crowns (Clearfil Photo Core, Kuraray Dental,

USA/Canada).
The specimens were then embedded in
autopolymerising  acrylic resin  (Orthocryl EQ;

Dentaurum, Ispringen, Germany) using a 2.5x2.5x2 cm
standard acrylic matrix with coronal, middle third and
apical sectioning into 1.5-mm slices. Push-out tests
were performed with the zirconia post and the root
canal surface on the crosshead of the universal testing
machine (Instron Corp., Canton, USA) at a speed of
2 mm/min. The maximum load at failure was recorded
for each specimen in newtons and then converted into
MPa.

Scanning Electron Microscope
Analysis

Following push-out testing, all samples were
sent to the KOSGEP research laboratory at Erciyes
University, Turkey. The scanning electron microscope
(SEM) images of the tooth surfaces were obtained at a
magnification of 100 X (Leo 440 computer-controlled
digital SEM).

Statistical Analysis

Statistical analyses were performed with IBM SPSS
V23 (SPSS Inc, Chicago, IL, USA) and carried out using
Games-Howell and Tukey post-hoc tests. Group
comparisons were made using one-way analysis of
variance (ANOVA) with 95% confidence. Post-hoc tests
with Games-Howell statistics were applied. p values<
0.05 were considered statistically significant.

IDR — Volume 10, Number 2, 2020



Diindar Yilmaz & izgi

Bond strength between zirconia posts and root surfaces

Results

Bond strengths between surface-treated zirconia
posts and root canal surfaces sectioned into coronal,
middle third and apical sections for each group
subjected to push-out testing are given in Graphic 1.
The means and standard deviations of the four groups

are shown in Table 1. According to the statistical
results, Group 1 (control), Group 2 (CoJet) and Group
3 (sandblasted+laser) showed no significant differences
(p > 0.05) between each other, but all of these groups
showed a significant difference (p < 0.05) compared
with Group 4 (laser).

Push-out testing results
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Graphic 1. The bond strengths between the surface treated zirconia posts and the root canal surface

sectioned into coronal,middle triple and apical in each group subjected to push-out testing.

Surface treatments had no significant effect on
the mean push-out bond strengths of zirconia posts (p
> 0.05). The Group 3 (sandblasted+laser) coronal
section had the highest mean push-out bond strength
(18.01 + 4.58 MPa), while the Group 1 (control) apical
section had the lowest (4.49 + 4.51 MPa). The push-out
bond strength values of the four groups were in the
following order: Group 1 < Group 4 < Group 2 < Group 3.

Dividing the root canal into three sections had a
significant difference on bond strength (p < 0.05).
According to the statistical analyses, there was a
significant difference between the apical and coronal
sections (p = 0.00); however, there were no significant
differences between the apical and middle third
sections or the coronal and middle third sections (p >
0.05) of the root canal. The means and standard
deviations of the groups are shown in Table 2. When
the results were evaluated for all groups, the push-out
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bond strength was highest in the coronal section, then
in the middle third section and lowest in the apical
section.

Bond failure at the zirconia post/luting agent
interface was recorded in 62.5% of all groups (control,
CoJet, sandblasted+laser, laser). Mixed failures were
recorded in 75% of all groups. When groups were
evaluated, bond failure was found mostly in the control
group (Group 1) and laser group (Group 4), while the
sandblasting+laser group (Group 3) was the least in
support of bond strength results. When the divided
sections were evaluated in SEM images, more bond
failure was observed in apical sections than in coronal
sections, which supported the statistical findings.
Different failure modes of groups observed in the SEM
images are presented in Figure 1.
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Group 1: Adhesive + Cohesive (luting-post, luting-dentin) Group 2: Adhesive (luting-dentin)

Group 3: Adhesive + Cohesive (luting-post, luting-dentin) Group 4: Adhesive (luting-dentin)

Figure 1. Different failure modes of groups observed in the SEM images.

Table 1. The means and standard deviations of the four groups.

Comparison Mean Difference Standart Deviation
-6,53845 1,39293
Group 1 Group 3 -8,59105 1,29613 0,000
Group 4 -4,44432 1,48285 0,003
Group 1 6,53845 1,39293 0,000
Group 2 Group 3 -2,05260 1,58343 0,569
Group 4 1,09413 1,73958 0,922
Group 1 8,59105 1,29613 0,000
Group 3 Group 2 2,05260 1,58343 0,569
Group 4 3,14672 1,66308 0,243
Group 1 5,44432 1,48285 0,003
Group 4 Group 2 -1,09413 1,73958 0,922
Group 3 -3,14672 1,66308 0,243
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Table 2. The means and standard deviations of root canals divided into 3 sections.

Comparison Mean Difference Standart Deviation

Group 1 Group 2 -3,30859 1,39750 0,053

(Apical sec.) Group 3 -5,89931 1,34673 0,000

Group 1 -3,30859 1,39750 0,053

Group 2 (Middle sec.)

Group 3 -2,59072 1,41113 0,165

Group 3 Group 1 -5,89931 1,34673 0,000

(Coronal sec.) Group 2 -2,59072 1,41113 0,165
Discussion form a combination of mechanical and chemical

bonding.

Some researchers have reported that laser

The higher elasticity of metal posts than dentine,
the formation of fractures, not being used with
light-curing cement and the fact that they become
corroded under aesthetic restorations over time, have
led researchers to different post-core systems (9,10).
With the development of non-metal posts,
biocompatibility, high fracture resistance and aesthetic
expectations, such as meeting the characteristics of
ceramic materials applied as a post-core, have shown
successful results (11,12). Compared to other ceramic
materials, zirconium oxides are used in dentistry
because of their superior properties (13). In our study,
zirconia, which is both aesthetic and durable, was
used.

Christel et al. examined the zirconia posts
introduced in the late 1980s and reported that these
posts have a high resistance to fracture (14). Moreover,
Kwiatkowski and Geller found that zirconia posts have
high bonding capacities to silane and resin cement (15).

Resin cements tightly adhere to the restoration
surface and the micromechanical integrity and
activation of the restoration surface depends on the
chemical bonding that can be achieved (12,16). To
increase the bond strength at the interface, various
surface treatments have been used. Among these
surface treatments, include mechanical, chemical and
combinations of mechanical and chemical bonding
(5,6).

It has been reported that untreated zirconia posts
have a relatively smooth surface that limits mechanical
bonding between the post surface and resin cements
(17-19). Sahafi et al. reported that sandblasting with
Al203 particles and a CoJet system on post surfaces is
an effective method for increasing the bond strength
between adhesive resins and posts (20). In our study,
surface sandblasting treatment with 110-um Al203
particles was used to enhance mechanical bonding, and
tribochemical silica coating (CoJet) was applied to

International Dental Research © 2020

treatment provides greater surface roughness than
standard methods (8). Lasers have been suggested to
modify the surface by relatively safe and easy means
(7). Kern et al. compared a silane application, a
tribochemical silica coating and sandblasting with
Al203 and found that sandblasting with Al203 is a more
successful method of surface treatment (21). Akin et
al. irradiated a zirconia surface with an Er:YAG laser
and reported that laser irradiation increases the
surface roughness and surface irregularities compared
to untreated specimens (7). Sandblasting with Al203
alone on the zirconia post surface is reported to be
ineffective on the level of bond strength (22,23).
Almuhlef et al. reported that both the surface
treatment and the root region have no significant
effects on the push-out bond strength of zirconia posts
(24).

On the basis of these results, we compared surface
treatment methods by adding a sandblasting+laser
application method to conventional surface treatments
and found the highest bond strength (18.01 MPa) in this
group. We also found that the root region had a
significant effect on bond strength (p < 0.05).
Furthermore, there was a significant difference
between apical and coronal sections (p = 0.00).

Conclusions

Based on the results of this study, our conclusions

are indicated below.

1. The combined application (sandblasting+laser)
had a significant effect on the push-out bond
strength of zirconia posts.

2. The root region had a significant effect on
bond strength.
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3. According to multiple comparisons of sections
(coronal, middle third and apical), the apical-
coronal section was significantly different,
while the apical-middle third and coronal-
middle third had no significant differences.
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