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ABSTRACT

INTRODUCTION: Different usage areas of newly developed restorative materials have increased..

OBJECTIVES: The purpose of this study was to investigate usability of a newly produced resin nano-ceramic
(RNC) as a post material, and how to increase bond strength of different post systems to root canal dentin.
MATERIAL AND METHODS: Crowns of eighty extracted maxillary central incisors were separated transversal-
ly at cementoenamel junction. The specimens were then endodontically prepared. Post spaces were opened at
a diameter of 1.8 mm with a length of 10 mm on the root, maintaining 4 mm of filling material in apical third.
40 RNC post and 40 fiber post samples were divided into 4 sub-groups (n = 10), and different surface treatments
were divided into control (Cnt), tribochemical coating (Tbc), and laser-irradiated (Lsr 1 and Lsr 2) groups. After
adhesive cementation of posts to root canal dentin, the specimens were cut with 1 mm thicknesses. Push-out
bond strength (PBS) tests were performed using a universal testing machine, and the results were analyzed using
two-way analysis of variance and Tukey tests.

REsuLTs: The highest PBS value for fiber post groups was observed in the Tbc group (6.51 MPa). The highest
PBS values were observed in the Tbc group (6.22 MPa), particularly in the RNC post group, and this value was
statistically different from the other groups (p < 0.05).

ConcLusIONs: Tbc treatment of posts may be a suitable way for increasing the bond strength. The experimentally
produced RNC posts showed PBS values close to the prefabricated fiber posts. Therefore, they could be an alternative
restorative material for repairing endodontically treated teeth.
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INTRODUCTION Different post materials have been developed in parallel

with developments in material technology. The greatest

For many years now, post core restorations are used  advantages of these materials are that they have an elas-

for restoring endodontically treated teeth with excessive  tic modulus close to elastic modulus of the dentin, there-

loss of crown structure. Due to some disadvantages,  fore, they prevent roots’ fractures. In addition, they pres-

casted metal post restorations have been almost com-  ent aesthetic advantages, especially under all-ceramic
pletely abandoned and replaced by current post systems.  restorations [1].
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Current post materials include fiber posts, which
have become very popular in recent years. Fiber posts
were firstly made by Dure in 1990. Fredriksson et al. in-
vestigated the survival of restored teeth with fiber posts
in 236 patients, and reported that only 5 teeth failed
at the end of 3 years [2]. Nowadays, hybrid ceramics
have been introduced and provide better physical, me-
chanical, and enhanced flexural properties of ceramics
and composites [3]. However, the major disadvantage
of these post systems is the uncertainty about the adhe-
sion to root canal dentin. There is no recent literature on
the use of hybrid ceramics in this field. Therefore, sever-
al methods have been developed to increase the bonding
between the two structures. Blasting and acid etchings
are among these methods [3, 4].

The development in laser technology increased
the use of this device in the dental sector. In endodon-
tic treatments, laser is usually used to remove organic
and inorganic tissues within the root canal, and this
technique significantly reduce bacterial contamination.
The use of laser to reduce bacterial contamination along
the root canal changes the dentin surface. The den-
tin surface is an important feature for the cementation
of intra-radicular posts [5, 6]. At the same time, surface
of the post material affects the bond strength to the root
canal dentin. For this reason, dental lasers are also used
to roughen the surface of restorative materials [3, 4].
Nd: YAG (neodymium-doped: yttrium, aluminum, gar-
net), Er: YAG (erbium: yttrium, aluminum, garnet), and
Er, Cr: YSGG (erbium, chromium: yttrium, scandium,
gallium, garnet) lasers have been used as an alternative
surface treatment methods of dental materials in den-
tistry. The term ‘ablation, which is the working princi-
ple of lasers, is the mechanism of removing the particles
from the surface of materials by micro explosion and va-
porization. Therefore, this process provides an increase
in micromechanical retention [3, 6].

Self-adhesive cement materials have been intro-
duced to decrease the number of cementation steps by
eliminating a pre-treatment of tooth. The adhesion re-
sults from acidic monomers that are simultaneously
mineralized into lower layers of the tooth, which cause
micromechanical retention. Furthermore, secondary re-

TABLE 1. Surface treatments groups

Group Surface group

(nt Control

The AlO, air-particle abrasion + silica coating with CoJet®
+ silane coupling agent

Lsr1 Nd: YAG laser® + silane coupling agent

Lsr2 Nd: YAG laser‘ + silane coupling agent

“Sandblasting with 50-um silica-coated Al,O, airborne particles (CoJet System) for
10 s at 2.8 bar pressure, from a distance of 10 mm using an intraoral sandblaster.
®Nd: YAG laser (Smartfile, Deka, Firenze, Italy) irradiation at a power output of 1.5 W
(150 mJ/pulse, 10 Hz) for 30 s. “Nd: YAG laser (Smartfile, Deka, Firenze, Italy) irradiation
at a power output of 3 W (150 mJ/pulse, 20 Hz) for 30 s

actions produce additional chemical bonds to the dentin
surface [7].

OBJECTIVES

The modification of the post surface directly affects
the bond strength of the cement in the root canal and
there are limited studies on the effect of high-density
lasers on the bond strength of self-adhesive adhesion
materials. The aim of this study was to investigate the us-
ability of a newly produced resin nano-ceramic as a post
material, and how to increase the bond strength of dif-
ferent post systems to the root canal dentin. The first
null hypothesis of the study was that the bond strength
to the root canal dentine would not vary depending on
the type of post materials. The second null hypothesis
was that different surface treatments would not affect
the bond strength of post materials.

MATERIAL AND METHODS

This study was approved by ethics committee of the
Ordu University (2015/13).

Eighty non-carious extracted human maxillary cen-
tral incisors with the same root lengths, uncracked, with-
out restorations were selected for the study. The crown
sections of the teeth were separated horizontally at
the cemento-enamel junction with a diamond disc us-
ing a precious cutting machine (Mecatome T180, Presi,
Eybens, France) under water cooling.

The specimens were then endodontically prepared
with crown-down technique as in a previous study [8].
The working length was set to 1 mm short from apical fo-
ramen of the root. The irrigation was made by 2 ml of 2.5%
sodium hypochlorite. Subsequently, the root canals were
filled with AH Plus sealer (Dentsply DeTrey, Konstanz,
Germany) and gutta-percha cones (Dentsply Maillefer,
Ballaigues, Switzerland). The samples were stored in an in-
cubator (Memmert IN 75, Memmert GmbH, Schwabach,
Germany) at 37°C and 100% relative humidity for 24
hours. The next day, the gutta-percha cones were removed
by using fiber post-drills (Cytec Blanco, Hahnenkratt,
Konigsbach-Stein, Germany). Post space was opened by
a bur compatible for the fiber post at a diameter of 1.8 mm
and with a length of 10 mm on the root, maintaining 4 mm
of filling material in the apical third. Then it was washed
with 17% EDTA solution and distilled water, and dried with
paper points. For the preparation of RNC posts, a 1.8 mm
diameter fiber post was scanned with an extraoral scanner
(3Shape D700, 3Shape, Copenhagen, Denmark) and 40
copies were made from RNC blocks (LAVA Ultimate, 3M
Espe, St. Paul, Minnesota, USA) using CAD-CAM (Yena-
mak D50, Yenadent Ltd., Istanbul, Turkey) procedure.

40 RNC ceramic post and 40 fiber post samples were
divided into 4 sub-groups (n = 10). Posts in sub-groups
were exposed to the surface treatments specified in Table 1.
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FIGURE 1. Specimen in the universal testing machine

For the cementation, self-adhesive resin cement (Pa-
navia SA Cement, Kuraray, Chiyoda, Tokyo, Japan) was
sent to post cavity and also smeared around the post.
Then, the posts were inserted into the root canals. All
samples were activated with a total of 60 sec light from
buccal and lingual surfaces. Each tooth was then em-
bedded in an autopolymerising acrylic resin (ShangChi,
Shanghai Medical Instruments Co., Ltd., Shanghai,
China) with a surveyor (APF450, Amann-Girrbach,
Koblach, Austria). Each root was segmented opposite
to its long axis to make examples at 1 mm thickness at
the coronal third of the root. One part of the 1 mm thick
example was set up from every tooth.

Push-out bond strength was tried using a universal
testing machine (AGS-X, Schimadzu Co., Kyoto, Japan)
at a crosshead speed of 1 mm/ min, until post debond-
ing happened (Figure 1). The examples were stacked
with a 1 mm distance cylindrical tip in an apico-coro-
nal heading to push-out the post toward more extensive
piece of the root, and cut to maintain a distance from
the shape restriction. Cylindrical tip was situated to con-
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Surface treatment

FIGURE 2. PBS values (MPa) of the test groups

tact just the post. Loads at failure were recorded as N
and the bond strength values were determined as MPa
by dividing N to the surface area.

For the statistical analysis of the data, Levene’s test was
used to analyze the homogeneity of variables. Two-way
analysis of variance (ANOVA) and Tukey, with honestly
significant differences (HSD) tests were applied for the
statistical analyses of the bond strengths with a statis-
tical software (SPSS 22.0; SPSS Inc., Chicago, IL, USA)
(a=10.05).

RESULTS

According to two-way ANOVA, surface treatments
and interactions in RNC type were statistically signifi-
cant (p < 0.05) (Table 2). The mean values and standard
deviation of the test groups are presented Table 3. PBS
values of the groups are showed in Figure 2.

When PBS values were examined, fiber posts
demonstrated higher bonding values than RNC posts.
However, these values did not exhibit statistically signif-
icant results. The highest PBS value for fiber post-groups
was observed in the Tbc group (6.51 MPa). Though, this
value was significantly higher than in the other groups
(p < 0.05). Both laser applications increased PBS values
compared to the control group, but there was no statis-
tically significant difference (p > 0.05). The highest PBS
values were observed in the Tbc group (6.22 MPa), in
the RNC post group, and this value was statistically dif-
ferent from the other groups (p < 0.05). Other surface
treatments increased PBS values, but this increase was
not statistically significant (p > 0.05).

DISCUSSION

The present study evaluated the effect of varied sur-
faces treatments on the PBS of two different post mate-
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TABLE 2. Variance analysis according to two-way ANOVA test

Variable (source) df Sum of squares Mean squares F p-value
Post material 9.038 1 9.038 10.001 0.002
Surface treatment 29.461 3 9.820 10.866 0.000
Interaction 0.997 3 0.332 0.368 0.776
Error 65.071 72 0.904

Total 2539.661 80

*Significantly different at p < 0.05

TABLE 3. Mean/SD (MPa) of PBS values and differences between post material/surface treatment groups

Mean/SD  Differences* Mean/SD

Surface (nt The Lsr 1
treatment

Post material
Fiber 5.12(1.15)

6.51(0.75)

Differences*

Mean/SD  Differences®* Mean/SD  Differences*

Lsr2 (nt Thc Lsr1 Lsr2

5.70(0.98) 6.09(0.79)

RNC 4.29(0.63) 6.22(0.88)

4.87(0.91) 5.35(1.33)

*Statistical comparisons between post material/ surface treatment groups shown as superscripts, and values of same letters are not significantly different for Tukey HSD test
(p > 0.05). Superscripts with capital letters indicate differences between surface treatment groups, and small caps indicate differences between post material groups

rials. According to the results, the first null hypothesis
that the bond strength to the root canal dentine would
not vary depending on the type of post materials was
accepted. While the PBS values were affected by the sur-
face treatments, the second null hypothesis was reject-
ed. The functional restoration of endodontically treated
teeth is a challenge for dentists because the forces on
these teeth and surrounding tissue are typically induced
by internal stress [9]. In addition, due to tooth tissue loss
and tooth dehydration, endodontically treated teeth are
generally weak, therefore, there is a need for rehabilita-
tion using intraradicular post system [10]. Fiber posts
are widely used due to their aesthetic appearance among
existing intraradicular restorations. The success of fiber
post application procedures depends in part on the ce-
mentation technique between the post and the root canal
dentin [11]. Zirconia, soft metal, feldspathic ceramic, and
reinforced glass ceramic restorations can be fabricated by
CAD/CAM procedure. These CAD/ CAM restorations
have better physical and mechanical properties, high-
er abrasion resistance, and lesser discoloration because
of the standardized industrial fabrication of the blocks.
Newly developed hybrid materials called “resin-matrix
ceramics” combine the physical and mechanical ad-
vantages of ceramics and improved flexural properties
and low abrasiveness of composite resins. Resin nano-
ceramic LAVA Ultimate is one of these materials. This
dental material consists of nano-ceramic particles in
the resin matrix, 80% by weight. LAVA Ultimate resto-
rations are indicated for permanent adhesive, single-unit
inlay, onlays, and veneer restorations [3, 4]. Experimen-
tal evaluation of the usage of this RNC as a post material
was the aim of this study.

The smoothness of the post surface limits mechani-
cal clamping between the post and the resin core ma-
terial. To form a chemical bond between methacrylate
resin-based cement and post, fiber posts should react
with silane molecules. For this purpose, mechanical or
chemical surface treatment must be applied to the sur-
face. In the present study, posts were sandblasted with
50 um Al O, sands combined with silica particles as tri-
bochemical surface treatment, and Nd-YAG laser irradi-
ation was applied. As a result of the statistical analysis,
Tbec-treated RNC and glass fiber posts indicated higher
bond strength values than the control group. This result
is compatible with previous studies evaluated in a sys-
tematic review [12]. It has been stated that sandblasting
with Tbc can cause cracks. In previous studies, it has
been proposed to reduce application time and perform
a light blasting method to minimize dimensional chang-
es in fiber posts. Therefore, as suggested, in the pres-
ent study, fiber posts were blasted with Al203 particles
at a pressure of 2.8 bar for 10 seconds, at a distance
of 10 mm. Mohsen evaluated the PBS of surface treat-
ments of glass fiber and zirconia posts, and concluded
that surface treatments increase bond strength for all
types of posts to both root canal and resin core. As a re-
sult of the study, it can be said that sandblasting in con-
junction with silica particles, followed by silane coating,
is an effective surface treatment protocol for cementa-
tion of fiber posts [13].

Roughening the surface of dental materials with la-
ser application has been proposed as a relatively reliable
and simple method for surface treatment. Recent studies
have evaluated the effects of Er: YAG laser application
on bond strength of fiber posts in different power set-
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tings. Sipahi et al. reported that 150 m] Er: YAG laser ap-
plication at 10 Hz increased bond strength between fiber
post and core material [14]. On the contrary, Tun¢demir
et al. stated that Er: YAG laser applied at the same values
had no effect on connection force [6]. Arslan et al. used
Er: YAG laser to glass fiber posts at 150, 300, and 450 m]
and 10 Hz power settings, and concluded that 450 m]J
Er: YAG laser application has increased the pushing and
pulling force between glass fiber and resin cored mate-
rial [15]. On the other hand, Kurtulmus et al. reported
on 300, 400, and 500 m] Er, Cr: YSGG laser applications
on posts at 2 Hz, and found that bond forces between
the post and resin cores in the treated group were sig-
nificantly reduced compared to the non-laser treated
group. The authors stated that low bond strengths are
due to high power settings damaging glass fiber [16].
The discrepancies between studies highlight not only
the differences in the types of fiber post, but also the dif-
ferences in the repetition rates of the applied lasers.

In a systematic review and meta-analysis, Davoudi
et al. evaluated the effect of laser irradiation on push-out
bond strength of dental fiber posts, and concluded that
the effects of surface treatment of fiber post with laser
irradiation and sandblasting with 50 pm alumina might
be similar as the increase of final PBS [12].

The effects of laser on dentin, ceramic, and resin
composites were investigated in previous studies. How-
ever, the available data on the Nd: YAG laser effecting
the fiber post surface are limited. Therefore, the aim
of this present study was to investigate the effect of Nd:
YAG laser with different power settings on micro push-
out connection force between a RNC and the root wall
of the fiber post. According to the statistical analysis,
1.5 and 3W laser applications increased the bonding
compared to the control group, regardless of post types.
However, this increase was not statistically significant.

The results of this study indicated that the control
group exhibited less PBS than the other groups of both
post materials. In other words, surface treatments in-
creased the connection values of the post root canal
dentin. However, a statistically significant difference was
observed only in the Tbc groups. This process rough-
ened and increased irregularity of the sanded surface
of the posts and the increase of the surface area, which
improved the mechanical coupling for adhesive cement.
The smear layer formed by preparation of post space
should be eliminated according to some authors because
of the increase of antibacterial effects. Furthermore,
the authors indicated that the smear layer creates a weak
adherent interface between the cement and dentin
[17-19]. Conversely, some authors indicated not to re-
move the smear layer for adaptation of the materials to
root canal surface [20, 21].

In the literature, the bond forces of posts were mea-
sured by various methods, including microtensile bond
strength, push-out, and pull-out tests. The push-out test
is a reliable and accurate method because it is the most

appropriate test for measuring post retention. The micro-
tensile test gives early failure. While the pull-out test uses
the entire section of the root, the push-out test separates
the root and allows comparison of the bond strength
values in different regions of the root. In push-out tests,
the load direction applied to the slices also helps to repli-
cate clinical conditions. Thick root slices have been shown
to cause irregular stress distribution, which may cause er-
roneous results; however, 1 mm thick slices can eliminate
this limitation [22]. In this study, thin slices were subject-
ed to push-out testing, and the bonding forces in the cer-
vical regions of the root were evaluated.

The bonding process applied by a clinician has pre-
cise procedures. High level of expertise is correlated
with high bond strength values. This study was carried
out by researchers experienced in dental adhesions and
intra-coronal posts’ treatments.

As a limitation of this study, post-application surfaces
were not analyzed under scanning electron microscopy
(SEM). In further research, it would be useful to use SEM
to evaluate the effect of surface treatments on post surfaces.

CONCLUSIONS

The experimentally produced RNC posts showed
PBS values close to the prefabricated fiber posts. How-
ever, it is thought that the bonding values would be
higher, as the connection surface area of the RNC posts
can be prepared as a single piece with crown. There-
fore, this issue should be considered in future studies,
and working methodology should be created under
the above-mentioned circumstances.
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