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Introduction

Restoration of

Background and Aim: Attempts are ongoing to simplify the bonding procedure
by decreasing the procedural steps. Universal adhesives were introduced to serve
this purpose. This study aimed to evaluate the push-out bond strength of glass
fiber posts in endodontically-treated teeth with two universal adhesives.
Materials and Methods: In this in vitro, experimental study, 22 single-rooted
mandibular premolars were decoronated at their cementoenamel junction, en-
dodontically treated and were randomly divided into two groups. The G-Premio
Bond was used in the first and All-Bond Universal was used in the second group,
according to the manufacturers’ instructions. Angelus fiber posts were cemented
using RelyX U200 Automix self-adhesive resin cement. The roots were cut into
I-mm-thick sections perpendicular to the longitudinal axis of the tooth in the cer-
vical, middle, and apical thirds. The push-out test was performed in a universal
testing machine at a crosshead speed of | mm/min, and bond strength values were
recorded. The failure modes were also determined. The data were analyzed using
ANOVA and linear mixed models (0=0.05).

Results: The mean push-out bond strength was significantly higher in All Bond
Universal than G-Premio Bond (P=0.036). Also, there were statistically signifi-
cant differences in the push-out bond strength of adhesives in different parts of
the root canal (P=0.039). All failures were type 4 in both groups (adhesive failure
between the dentin and resin cement).

Conclusion: All Bond Universal yielded superior push-out bond strength than G-
Premio. However, further in vitro and in vivo studies with larger sample size are
required for an evidence-based decision making.

Keywords: Bond Sstrength; Endodontically Ttreated Tteeth; glass Fiber Pposts;
Push-Oout Ttest; Universal Aadhesive
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intracanal posts have beenwere intro-

endodontically-treated duced to the market and have gained

teeth is a challenging topic in operative den-
tistry. Endodontically-treated teeth that have
lost a great portion of their structure of-
ten require post and core placement to pro-
vide retention for the coronal restoration.
However, casting posts increase the risk of
root fracture since they require post space
preparation, undergo corrosion, exert wedg-
ing effect, and also have high modulus of
elasticity.(? In the recent years, new types of

increasing popularity due to favora-
ble properties such as optimal mechani-
cal properties, uniform stress distribution,
requiring less tooth preparation, superior
esthetics, and better light transmission to
the apical region, which enhances cement
polymerization in this area.®> A clinical study
reported 94.3% survival rate for treatment of
endodontically-treated teeth with fiber posts
without root fracture.” Due to anatomical
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variations in dentin in different parts of the root,
the quality of bonding of fiber posts to dentin
often varies in the coronal, middle and apical
thirds. The retention of fiber posts is influenced
by a number of factors such as the bond strength
between the post and resin cement, and the bond
strength between the resin cement and root den-
tin. Some studies have shown absence of any
porosity at the post-resin cement interface. In
other words, dentin-resin cement interface is a
weak interface in terms of bond strength.® ¢

Universal adhesives are capable of bonding
to different substrates and can be used in self-
etch and total-etch modes.”>® Considering the
relatively recent introduction of universal adhe-
sives to the dental market, information regard-
ing their properties is still limited. Universal
adhesives have undergone significant structural
changes compared to with older generations of
bonding agents, and have a complex chemical
structure.®!'”?  Universal adhesives are sup-
plied in one bottle. They contain hydrophilic
monomers and higher amount of solvent in or-
der to better match the inherent moisture of
dentin.* 'Y However, presence of water, organic
solvents, and acidic monomers in the composition
of universal adhesives has created some concerns
regarding their solubility in oral fluids and water
sorption.'>!® Thus, their bonding durability!¥,
structural stability, and mechanical properties'¥
in the long-term are still questionable.

Many studies have assessed the immediate
bond strength of universal adhesives to tooth
structure.!> However, durability and stability of
the bond in the long-term is another important
topic in need of further investigation. Universal
adhesives have a pH of around 2.7, which is re-
sponsible for their self-etching capability. Such
a low pH creates adequate acidity and a stable
interface between the methacryloyloxydecyl di-
hydrogen phosphate (MDP) monomer and dentin
or enamel.

Considering the gap of information on this
topic, this study aimed to assess and compare the
push-out bond strength of fiber posts to root den-
tin in use of two universal adhesives.

Materials and Methods

This in vitro, experimental study evaluated
mandibular premolars extracted within the past
6 months as part of orthodontic treatment plan.
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The study was approved in by the ethics com-
mittee of Shahid Beheshti University of Medical
Sciences (IR.SBMU.RIDS.REC.1394.130). The
sSample size was calculated to be 11 samples
in each group according to a previous study by
Ebrahimi et al,'® assuming 12-unit difference in
bond strength between the two groups to be sig-
nificant, standard deviation of 7.8, alpha=0.05,
and beta=0.05 using PASS software.

The inclusion criteria were mandibular pre-
molars with single-canal roots and adequate root
length extracted within the past 6 months. The
exclusion criteria were root fracture, cracks or
root curvature, history of endodontic treatment,
and short root length.

The teeth were immersed in 0.5% chlora-
mine T solution for 24 hours h for disinfection.
The teeth were then decoronated at the cemen-
toenamel junction perpendicular to the longitu-
dinal axis of the tooth using a disc with high-
speed hand-piece under water spray. The root
canals underwent root canal treatment 1 mm
short of the root length (15£1 mm) with RaCe

system.)” After each change of files, the root
canals were rinsed with 3 mL of 2.5% sodium
hypochlorite.!” Excess irrigating solution was
suctioned out of the root canal, and the canals
were dried with paper points. All root canals
were filled with gutta-percha and AH-26 sealer
using lateral compaction technique. The working
length of the teeth was different due to their ana-
tomical differences. After 24 hours h of storage
in water at 37°C, the coronal gutta-percha was
removed from the root canals using #2 and #3
Gates-Glidden drills such that 4-5 mm of gutta-
percha remained in the apical region of the root
canals. The post space in the canals was then pre-
pared using #1 and #2 fiber post drills.!®

The teeth were then randomly divided into
two groups (n=11) and a translucent fiber post
(Angelus) with a size matching the root canal
diameter was selected for each root. Table 1 pre-
sents the information about the materials used
in this study. All materials were used in accord-
ance with the manufacturers’ instructions. Table
2 shows the procedural steps in the two groups.
Group 1. All Bond Universal (pH=3.2): After
rinsing the root canal, excess moisture was re-
moved with paper points, and the canal was dried
with air spray for 20 secondss.
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Table 1. Characteristics of the materials used in this study

Material Manufacturer Type

Composition

Angelus,
Brazil

Angelus
Fiber post

All Bond
Universal

Bonding Bisco, USA

agents GC

GC, Japan

Rely X u200 3M ESPE,

Germany

Spident,
USA

Etching gel

Translucent
glass fiber post

G-Premio Bond

Resin cement

Fine Etch 37

Triethyleneglycol
dimethacrylate21%,urethane
dimethacrylate, highly
dispersible silicon dioxide,
ytterbium
trifluoride9%,stabilizers and
catalysts0.5%, glass fiber70%

10-MDP Dimethacrylate resin,
HEMA, initiators, stabilizers,
water,

modified 10-MDP
Dimethacrylate resin, initiators,
stabilizers, water

Base paste (white):
Methacrylate monomers
containing phosphoric acid
groups, methacrylate monomers,
Silanated fillers, initiator
components, stabilizers

Catalyst paste (yellow):
Methacrylate monomers,
Alkaline (basic) fillers, Silanated
fillers, Initiator components,
Stabilizers, Pigments

Phosphoric acid 37%

The bonding agent was applied to root dentin in
two coats using a microbrush. Excess bonding
agent was removed by paper points and it was
thinned with air spray and light-cured for 20s us-
ing a light curing unit (Demetron LC, USA) with
a light intensity of 650-700 mW/cm2."” Group 2.
G-Premio Bond (GC America) (pH of 1.5): Root
canals were prepared as in group 1. The bond-
ing agent was applied on dentin surface using a
microbrush. Excess bonding agent was removed
with paper points and it was thinned with air
spray. Light curing was performed for 20s using
a light curing unit (Demetron LC, USA) with a
light intensity of 650-700 mW/cm2.?%

The intensity of the light curing unit was peri-
odically checked by a radiometer (Kerr, USA).

Prior to cementation of the posts, the surface
of glass fiber posts in all groups was etched with
37% phosphoric acid (Fine Etch, Spident) for 60
s and then rinsed with water and dried. It was then
silanized (Monobond S, Ivoclar Vivadent) for 60
seconds s and completely air-dried.

10J Res Dentomacxillofac Sci 2020;6(3)

in both groups were cemented using Rely X
U200 Automix self-adhesive resin cement
(3M ESPE).®Y The cement was delivered into
the canal using an endo tip. The posts were then
dipped in cement and placed in the canals. Light
curing was performed from the top for 40 sec-
ondss. Prior to light curing, the teeth were cov-
ered in an aluminum wrap to prevent light from
reaching the post through lateral root canal walls.
The teeth were then mounted in acrylic resin,
and 1 mm sections were made in three areas in
the coronal, middle and apical regions (T201;
Mecatome, Presi, Germany). The push-out bond
strength was measured in by a universal testing
machine (Z2020; Zwick Roell GmbH Co., Ulm,
Germany) at a crosshead speed of 0.5 mm/min.
The load was applied from the apical region,
and the push-out bond strength in megapascals
(MPa) was measured by dividing the debonding
force in Newtons to by the total bonding interface
surface area in square-millimeters. The push-out
bond strength was reported separately for the

http://www.jrdms.dentaliau.ac.ir
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coronal, middle, and apical regions. The mode
of failure was determined under a stereomicro-
scope (Olympus, Japan) and categorized into the
following 5 groups. *?

1.Adhesive failure between the post and resin ce-
ment (no cement remained on the post)

2.Mixed failure (0-50% of cement remained on
the post surface)

3.Mixed failure (50-100% of cement remained
on the post surface)

4.Adhesive failure between dentin and resin ce-
ment (the post was covered with resin cement)
5.Cohesive failure in dentin ?» Data were ana-
lyzed using descriptive statistics, and the mean
and standard deviation of push-out bond strength
were reported. The Kolmogorov-Smirnov test
and the Shapiro-Wilk test were used to assess the
normal distribution of data. ANOVA and linear
mixed models were also applied. P<0.05 was
considered statistically significant. All statistical
analyses were carried out using SPSS version 20
(SPSS Inc., IL, USA).

Results

The Kolmogorov-Smirnov test and the Sha-
piro-Wilk test confirmed normal distribution of
push-out bond strength data in different parts
of the roots in both groups (P>0.05). The mean
bond strength was 9.9+4.67 MPa in G-Premio
Bond and 10.9+4.44 MPa in All Bond Universal
group. Table 3 shows the mean bond strength in
different parts of the root. As shown, the highest
push-out bond strength was noted in the apical
region, followed by the middle, and coronal re-
gions, irrespective of the type of bonding agent.
Comparison of the push-out bond strength in the
three parts of the root revealed no significant
difference in All Bond (P=0.195) or G-Bond
(P=0.06) groups. In All Bond group, the mean
push-out bond strength in all three regions of
the root was higher than the corresponding mean
values in the G-Bond group.

Linear mixed models were applied in order
to assess the difference in bond strength between
the two groups in the three regions. This model
accounted for the effects of group (G-Bond and
All Bond), region of root (coronal, middle and
apical), the interaction of the two, and number of
levels on the results as well as the random effects
of the sample. It showed that the mean push-out

http://www.jrdms.dentaliau.ac.ir

bond strength in All Bond Universal group was
significantly higher than that in G-Bond group,
irrespective of the part of root (P=0.036).

Table 2. Procedural steps in the two groups
Groups  Bonding Procedure Resin Cement  Luting procedure
agent Resin agent

Allbond — Apply 10, M ESpg The post was silanized by

Group | Remove RelyX U200 applying one layer of Al
excess  with Automix Self. Bond for 60 s and then dried.

paper point, Adhesive Mix base and catalyst for 20
Airdry 20's, s

Light Apply to root canal with Endo

polymerize 20 Tips. o

S, Remove excess resin with a
small brush,

Light polymerize for 40 s
through translucent fiber post.

G-bond Apply 10s, 3M  ESPE The post was silanized by

Group 2 Remove RelyX U200 applying one layer of G Bond
excess  with Automix Self- for 60 s and then dried.

paper point, Adhesive Mix base and catalyst for 20

Air dry for 20 S,

s, Apply to root canal with Endo
Light Tips.

polymerize Remove excess resin with a
for 20 s. small brush,

Light polymerize for 40 s
through translucent fiber post.

The difference in the mean push-out bond strength
in the three areas of the root was also significant
irrespective of the type of bonding agent used
(P=0.039). The interaction effect of type of bond-
ing agent and part of root on the push-out bond
strength was not significant (P=0.26). Thus, the
six mean values of push-out bond strength were
not significantly different (P=0.26).

Table 3. Mean bond strength (MPa) in different
parts of the root

Mean and std.

Group Region deviation (MPa)

General Coronal 8.2+3.20
Middle o+4.57
Apical 11.4+4.81

G-Bond Coronal 7.6+2.74
Middle 7.1+£2.93
Apical 10.8+5.24

All Bond Coronal 8.9£3.60

Middle 11.8+4.81
Apical 12.0+4.51

Pairwise comparisons of the mean bond
strength in the three areas revealed a significant
difference in push-out bond strength of the coro-
nal and apical regions (P=0.036).

Table 4 shows the frequency of different
modes of failure in the two groups. As shown,
all failures were type 4 in the coronal, mid-
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dle and apical thirds in both groups. Figures
1-8 illustrate the stereomicroscopic images of
root cross-sections in three regions in the two
groups at x40 magnification for qualitative
assessment.

Table 4. Frequency of different modes of failure in
the two groups

Score 1 2 3 4 5
Group
G-Bond 0 0 0 0 Figure 3. Stereomicroscopic image of a post
segment with type 4 failure mode
All-Bond 0 0 0 11 0

Figure 4. Stereomicroscopic image of the coro-
nal view of the middle third of a root and post
space with type 4 failure mode

Figure 1. Stereomicroscopic image of the
coronal view of the coronal third of a root and post
space with type 4 failure mode

Figure 5. Stereomicroscopic image of the api-
cal view of the middle third of a root and post
space with type 4 failure mode

Figure 2. Stereomicroscopic image of the apical
view of the coronal third of a root and post space

12J Res Dentomaxillofac Sci 2020;6(3) htp://wwwjrdms.dentaliau.ac.ir
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Figure 6. Stereomicroscopic image of the coronal
view of the apical third of a root and post space
with type 4 failure mode

Figure 7. Stereomicroscopic image of the apical
view of the apical third of a root and post space
with type 4 failure mode

Figure 8. Stereomicroscopic image of a tooth seg-
ment and post space with type 4 failure mode

http://www.jrdms.dentaliau.ac.ir

Discussion

This study evaluated the push-out strength of
glass fiber posts with two different adhesives in
endodontically-treated teeth. Several methods
are available for assessment of bond strength of
resin cement to root dentin such as microtensile,
pull-out and push-out tests® The push-out test
applies shear load to the interface of cement and
dentin and the post-cement interface, which is
particularly important in the clinical setting.*®
This test better assesses the bond strength than
other tests because shear load is applied per-
pendicular to the bonding interface.?® Also, it
is more reliable than microtensile test because
premature failures commonly occur in micro-
tensile test and distribution of load is also more
limited in microtensile test. Thus, push-put test
was performed in our study. Angelus Exacto
fiber post was used in this study since Zicari
et al.®® showed that this post as well as Dentin
Post X have maximum light transmission among
different fiber posts.

Our results showed that the mean push-out
bond strength was significantly higher in All
Bond Universal than G-Premio Bond group
(P=0.036). Also, there were statistically signifi-
cant differences in the push-out bond strength
of adhesives in different parts of the root canal
(P=0.039). These findings were in line with those
of Potesta et al,*” and Grandini et al.*® They ex-
plained that the difference was due to incomplete
washout of acid etchant in the apical part of the
canal and inadequate moisture control, which de-
creased the bond strength in the apical third of the
teeth bonded with two-step etch and rinse bond-
ing agents. In contrast, our study showed lower
bond strength in the coronal third, which may be
due to the wider surface area in the coronal third
and subsequently higher surface area for bond-
ing; however, further investigations are required
on this topic. Goracci et al,*® and Valandro
etal. ®® reported contradictory results and showed
that two-step etch and rinse bonding agents yield-
ed higher bond strength than two-step self-etch
bonding agents. They attributed this finding to
inadequate removal of smear layer in use of self-
etch bonding agents.

The bonding mechanism of adhesive systems
to root dentin has a micromechanical nature,
and is based on three parameters: (I) penetration
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of bonding agent into the demineralized dentin
(formation of hybrid layer), (II) formation of
resin tags, and (III) formation of lateral adhesive
branches.*" Irrespective of presence of a signifi-
cant difference, the results of these two studies in-
dicated that the bond strength decreased from the
coronal towards the apical region in all groups.
Onereason can be the decreased density and diam-
eter of dentinal tubules from the coronal towards
the apical region. This was also noted in scanning
electron microscopic analyses by Bassem M Eid
et al.®? on root dentin, who showed that the den-
sity of dentinal tubules in the coronal third was
higher than that in the apical and middle thirds,
and the diameter of dentinal tubules gradually de-
creased towards the apical region. The thickness
of the hybrid layer also decreaseds from the coro-
nal towards the apical and the lateral branches of
dentinal tubules are were only seen in the middle
and coronal thirds; this result was different from
our finding. In another electron microscopic
study, Ferrari et al.®® showed that the thickness
of the hybrid layer and the number of resin tags in
the coronal region were greater than those in the
middle and apical thirds. Moroever, Grandini et
al.® revealed that the pressure of microbrush is
minimum in the apical region, causing less pen-
etration of adhesive into dentin. Gaston et al.®¥
demonstrated that the number of dentinal tubules
was lower in the apical region, and formation and
morphology of resin tags in the cervical and mid-
dle parts of the roots were more uniform. Noirrit
et al.®¥ evaluated the root dentin-bonding agent
interface using a scanning electron microscope
(SEM) and showed that the quality of resin tags
in terms of length, density and number of lateral
branches in the apical third was lower than that in
the cervical and middle thirds. Nonetheless, con-
troversial results in this respect call for further
investigations.

Boing et al.*" discussed that fewer dentinal
tubules in the apical region result in morphologi-
cally irregular dentin compared with the coronal
cervical region. These dentinal tubules are highly
sclerotic and full of minerals similar to the peri-
tubular dentin that provides enough calcium for
chemical bonding to self-adhesive RelyX U200
cement. Despite different results in use of the
conventional resin cement, another interpreta-
tion for higher bond strength in the apical third

is that these self-adhesive resin cements are
14J Res Dentomacxillofac Sci 2020;6(3)

less susceptible to dentin moisture that is less
controlled in the apical area. Similarly, Gaston
et al,®¥ and Muniz and Mathias®® reported results
completely similar to ours. They reported that the
bond strength in the apical region was higher than
that in the coronal region. They offered a differ-
ent explanation for their findings. They stated
that the bond strength more depends on the solid
dentin rather than the density of dentinal tubules.
However, it should be noted that they performed
microtensile test. They showed that during rotary
instrumentation of the root canal system, smear
layer is formed, which is better washed off in the
cervical and middle regions compared with the
apical third. However, higher bond strength in
the apical third indicates that the bond strength
more depends on internal factors such as dentin
in the region rather than the presence/absence of
smear layer. Pereira et al,®” also revealed that
the radicular dentin in the apical area presented
higher bond strength compared with the middle
and cervical regions. They mentioned that den-
sity of the tubules is not a determinant factor for
self-adhesive resin cements. The same result was
reported by Aksornmuanget al,*® who showed
that a self-etch dual-cure bonding agent provided
a stronger bond than a self-etch light-cure bond-
ing agent in the apical region. Akgungor and
Akkayan® and Foxton et al.“? reported differ-
ent results and showed that the bond strength of
light-cure bonding agents was higher than that of
dual-cure bonding agents. A two-step self-etch
bonding agent (Clearfil liner Bond 2V) was used
in the aforementioned two studies. The authors
explained that this bonding agent contains a pho-
to-initiator and 10-MDP acidic phosphate mono-
mer while dual-cure activator contains initiator
and does not have 10MDP. When mixed, the con-
centration of photo-initiator and MDP decreases,
which leads to a reduction in degree of polym-
erization and the ability to bond to root dentin in
dual-cure bonding agents.

In our study, all failures were type 4 in both
groups (adhesive failure between dentin and res-
in cement). No case of mixed failure was noted,
which shows that this area is the weakest inter-
face. D’ Arcangelo et al.*!*? in their studies used
FRC glass fiber posts, Endo Light Post and Postec
Plus posts and observed that the majority of fail-
ures occurred between the cement and the post;
their results were different from our findings.

http://www.jrdms.dentaliau.ac.ir
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However, Zicari et al.®® used Para Post Fiberlux
posts and Kececi et al.*® used FRC Postec Plus
glass fiber posts and DT Light Post quartz fiber
posts and observed that the majority of failures
occurred at the cement-dentin interface. Their
findings were in line with our results, which can
be due to the quality of bonding of the cement
and post, and the level of porosity of the post
surface in comparison with dentin. We used self-
etch Rely X U200 resin cement for cementation
of posts, which has an acidic pH.Many studies
have evaluated the effect of pH of resin cement
on bond strength.“***> Franco et al.*> showed that
Single Bond and Multipurpose Bond provided a
low bond strength due to the low pH (2.1 and 4.6)
of acidic monomers in their composition.

They added that use of acidic adhesives in
combination with auto-polymerizing resin can
significantly decrease the bond strength. Also,
pH is important in bond strength of universal
adhesives. All Bond Universal and G-Premio
Bond have a pH of 3.2 and 1.5, respectively, and
both cause incomplete demineralization of dentin
surface. Apatite crystals remain around collagen
fibers.““The effect of pH is more prominent
when the adhesive is usedin self-etch mode,
which was adopted in our study. In general, it
can be concluded that the bond strength of All
Bond Universal is higher than other adhesives,
which can be due to its better compatibility with
dual-cure resin cements in environments with
higher pH.*") In fact, creating a suitable surface
to enhance micromechanical bonding depends
on the pH of adhesive. A review study by da
Rosa et al.“” indicated that acidic monomers
can significantly affect the bond strength, and a
mild self-etch adhesive with a pH of 2.5 to 3.1 is
the best option for bonding to dentin. This pH is
equal to the pH of All Bond Universal.“*”

Controversy between our results and those of
previous studies may be attributed to our meth-
odology and laboratory procedures of sectioning.
For instance, we used conical posts, which may
complicate sectioning and consequently affect
the results. Also, we used self-etch bonding in-
stead of total etch bonding and thus, there was no
need for rinsing and etching. This could have also
affected the results. This study had an in vitro
design and generalization of results to the clini-
cal setting should be done with caution. Future
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clinical studies are required to cast a final judg-
ment in this respect. Also, future studies are rec-
ommended to use advanced imaging techniques
to more accurately assess the quality of bonding
interface.

Conclusion

Within the limitations of this study, the results
showed that All Bond Universal can yield a high-
er push-out bond strength than G-Premio Bond
for bonding of glass fiber posts in root canals of
endodontically treated teeth in vitro.
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