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Aim: This study aims to evaluate the effect of different
surface treatments on the bond strength of glass fiber posts.
Methods: Ninety unirradicular premolars had their crowns
removed and were endodontically treated. After 24h, post
spaces were prepared and the roots (n=15) were divided into
six groups according to the post surface treatment: NT — no
treatment, UA — universal adhesive (Single Bond Universal),
SUA - silane (Prosil), followed by universal adhesive, H - H,0,
(Whitness HP Maxx, 35%, gel, 1 min), HUA - H,0,, followed
by universal adhesive, and HSUA - H,0,, followed by silane
and universal adhesive. The posts were cemented with dual-
cured resin cement (RelyX Ultimate). Bond strength was
evaluated with pull-out test (0.5 mm/mim) after 24h-storage
in distilled water at 37°C. Data were submitted to ANOVA and
Tukey's test (a=5%). Results: HSUA group showed the highest
bond strength value (236.5 N) followed by HUA (206.5 N), NT
(194 N) and SUA (184 N) groups. UA group showed the lowest
bond strength value (60 N). Conclusion: The use of H,0,, the
silane application or the combination of these two treatments
significantly increased bond strength values in groups in which
the universal adhesive was used. A simplified procedure, such
as cleaning with alcohol, can be recommended as surface
treatment for the cementation of glass fiber posts.
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Introduction

The dental restoration of endodontically treated teeth is considered one of the most
critical restorative procedures, due to its complex nature and involvement of different
specialties, such as Endodontics and Operative Dentistry. In some situations, particu-
larly when there is significant loss of coronal tooth structure, the use of post and core
systems is recommended. Glass fiber posts gained popularity in the last decades
because are more flexible the metal post-cores and have elastic modulus similar to
the dentin’. Moreover, since they can be adhesively cemented, masticatory stresses
tend to be more evenly distributed in the root, resulting in fewer fractures or more
favorable ones (not catastrophic), which can be subjected to repair™.

In order to provide better retention for glass fiber posts, literature recommends using
various surface treatment techniques, especially cleaning post surface with alcohol,
conditioning with phosphoric acid or hydrofluoric acid, sandblast with aluminum oxide,
silicatilization, silane and/or hydrophobic adhesive application, and, more recently,
application of hydrogen peroxide (H,0,) at different concentrations and times*°.

Literature presents significant results regarding bond strength values to dentin when
glass fiber posts were etched with hydrogen peroxide®®'"4 Hydrogen peroxide at
concentrations of 10% to 30% is known to effectively remove a surface layer of epoxy
resin of glass fiber posts®. However, the application time of 5 to 20 minutes used in
earlier studies can be considered long®'®. Few studies evaluated the use of H,0, at
different concentrations and lower application times®2. It is also important to note that
H,0, is commonly used in dental practice for tooth whitening and, therefore, easily
accessible for use as post surface treatment®. Moreover, it is important to emphasize
that there is not yet enough information about the best concentration and application
time of hydrogen peroxide in the surface treatment of glass fiber posts®9111375,

Universal adhesives are simplified adhesive systems that can be used with both
approaches (total- and s self-etching) and, because of this, are considered more ver-
satile’®”. These universal adhesives differ from current self-etching systems by incor-
porating monomers capable of producing a chemical bond with the dental tissues"'8.
However, there is little information on the performance of these new universal adhe-
sives. Chen et al.’® (2015) reported that the bond strength of a universal adhesive to
dentin is not different from that of total- and self-etching adhesives. This study also
showed that there was no statistical difference between the modes of application.
A meta-analysis evaluated 10 studies in an attempt to establish what the best pro-
tocol for universal adhesives was, and reported no statistically significant difference
between the strategies (total- and self-etching). Also, the bond strength to enamel
was improved with prior conditioning with phosphoric acid universal when universal
adhesives were used?.

Single Bond Universal is an example of universal adhesive, which also has silane in
its composition. This would simplify the clinical steps, eliminating the need for silane
application as a separate step during restorations repair protocols, for example?.
Since the use of this universal adhesive with silane as surface treatment could influ-
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ence the bond strength of composites and ceramics?, it can be hypothesized that its
use could also be an option for the surface treatment of glass fiber posts.

Thus, the objective of this study is to evaluate the effect of different surface treat-
ments (universal adhesive application associated or not to the application of silane,
with and without previous use of hydrogen peroxide) on the bond strength of glass
fiber posts to root dentine using the pull-out test. The hypothesis tested is that the
different surface treatments of the glass fiber posts would increase the bond strength
values to root dentine.

Material and Methods

This study was approved by the Institutional Review Board (CAAE: 35991414.4.0000.
0093). Ninety human uniradicular premolars with anatomically similar root segments
and fully developed apices were selected, cleaned and immersed in a neutral solution
of chloramine T 0.5% at 4°C until use.

The roots were cut, with a diamond disk, under copious irrigation, to a uniform length of
15 mm. The same operator instrumented and obturated all root canals. Root canal prepa-
rations were made with rotatory Protaper universal files (Dentsply Maillefer, Ballaigues,
Switzerland). The irrigants used were 2.5% NaOCl and 17% EDTA. After the final irriga-
tion, the canals were dried with paper points (Roeko paper points; Coltene/ Whaledent,
Cuyahoga Falls, Ohio, USA) and obturated with gutta-percha and AHPlus (Dentsply
Maillefer, Ballaigues, Switzerland) using the Tagger's Hybrid technique.

Twenty-four hours after obturation, post spaces were prepared using Largo drills and
the drill corresponding to the #1 post (DC White Post, FGM, Joinville, SC, Brazil), main-
taining an apical seal of 4 mm. The roots were rinsed with physiological saline to remove
remaining debris and then dried with absorbent paper points. The post spaces were
then irrigated with and dried paper points. The drills were changed every 5 preparations.

The roots were randomly divided into six groups (n = 15), according to the following
post surface treatment: NT — no treatment (control); UA — universal adhesive applica-
tion (Single Bond Universal, 3M ESPE, St. Paul, MN, USA); SUA - silane coupling agent
application (Prosil, FGM, Joinville, SC, Brazil), followed by universal adhesive (Single
Bond Universal); H - H,0, 35% application (Whitness HP maxx, FGM, Joinville, SC,
Brazil); HUA - H,0, 35% application, followed by universal adhesive; and HSUA - H,0,
35% application, followed by silane coupling agent and universal adhesive.

All glass fiber posts (DC White Post 1, FGM, Joinville, SC, Brazil) were cleaned with
70% alcohol and dried. Then, surface treatments were performed. The silane coupling
agent was applied for 60 s and universal adhesive was applied for 20 s and light-cured
for 10 s. A LED curing light (Poly Wireless, Kavo, Joinville, Brazil), with irradiance of
1100 mW/cm? was used throughout the experiment. In groups with hydrogen perox-
ide application, the gel was applied to the surface of the post for 1 min, the posts were
washed with running water and dried. In HUA and HSUA groups, hydrogen peroxide
was previously applied to the silane coupling agent and universal adhesive.

Alayer of universal adhesive (Single Bond Universal, 3M ESPE) was applied to the post
space; the excess was removed with paper points followed by 5 s of gentle air blast.

3



Dalitz et al

The posts were coated with dual-cured resin cement (Rely X Ultimate, 3M ESPE, St.
Paul, MN, USA) and slowly seated by finger pressure. Excess cement was immedi-
ately removed with an explorer and the cement was continuously light-cured for 40 s.
Afterwards, specimens were stored in a 37°C distilled water for 24 h and then sub-
jected to the pull-out test. The pull-out test was performed using a universal testing
machine (EMIC DL 2000 S&o José dos Pinhais, PR, Brazil) at a cross-head speed of
0.5 mm/min until total displacement of the post.

The surfaces of the posts after the pull-out test were analyzed under a stereomicro-
scope with 57x magnification (SZX9, Olympus, Tokyo, Japan) to determine the areas
of the posts with the presence of cement. The surfaces of each post were classified
according to the percentage of adhering cement. The surfaces that had 50% or more
of area covered with cement were classified as score 1, while those surfaces that had
less than 50% of the area covered with cement were classified as score 2.

Data were statistically analyzed using one-way ANOVA and Tukey's test with a signif-
icance level of 5%.

Results

Mean values and standard deviations for bond strength according to the groups with
different surface treatments for glass fiber posts are presented in Table 1. The results
showed statistically significant differences regarding the surface treatments evalu-
ated (p < 0.0001).

The HSUA group showed the highest bond strength values (236.5 N) followed by HUA,
NT and SUA groups, all statistically similar (206.5 N, 194 N and 184 N, respectively).
H group showed bond strength values of 177.5 N, statistically similar to HUA, NT and
SUA and (206.5 N, 194 N and 184 N, respectively). UA group showed the lowest bond
strength values (60 N).

The results of the post surface analysis after the pull-out test are shown in Table 2. All
groups had the majority of the failures classified as score 1 (50% or more of the area
covered with cement), indicating predominance of adhesive failure between resin
cement and dentin.

Table 1. Mean values and standard deviations of bond-strength, according to the glass fiber surface treatment.

Surface treatment Bond strength (N)
No treatment (NT) 194.0+ 542
Universal adhesive (UA) 60.0+18.8¢
Silane and universal adhesive (SUA) 184.0 +38.6 %
Hydrogen peroxide (H) 177.5+ 453"
Hydrogen peroxide and universal adhesive (HUA) 206.5+ 64.6
Hydrogen peroxide, silane and universal adhesive (HSUA) 236.5+70.12

Different superscript letters indicate statistically significant differences among the groups (p < 0.05).
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Table 2. Post surface analysis after pull-out test.

Surface treatment Score 1 Score 2
NT 88.9% 11.1%
UA 70% 30%
SUA 75% 25%
H 88.9% 11.1%
HUA 81,8% 18.2%
HSUA 80% 20%
Discussion

The hypothesis studied in the present work was rejected because the different sur-
face treatments of glass fiber posts increased the bond strength values to root dentin.
Four groups showed statistically similar bond strength values to the control group.
Only the universal adhesive group showed lower bond strength values that were sta-
tistically different from the other groups and also from control group.

The use of different surface treatments in glass fiber posts aims to promote a better
bond between the post and the resin cements used for luting. Glass fiber posts are
covered by an epoxy resin layer that has high degree of conversion and few reactive
sites for chemical adhesion to other resin materials?223. This highly reticulated and low
binding to the resinous material structure may be compensated by micromechanical
retention on the surface of glass fiber posts created, for example, by H,0,, followed by
silane coupling agent application®”8. The exposure of the glass fibers and the applica-
tion of silane coupling agent improve the surface wettability and facilitate the chemi-
cal bond between fibers and resinous materials®”®.

Although literature reports that different surface treatments performed on the glass
fiber posts can improve bond strength to dentin®911324 3 systematic review of the lit-
erature that aimed to identify factors that may affect the retention of glass fiber posts
to root dentin showed that endodontic treatment, resin cement application method
and post surface treatment may significantly influence the retention of glass fiber
post?. The study also indicated that the influence of these factors depends on the
type of resin cement used, and this is more important when the posts are cemented
with conventional resin cements. Self-adhesive cements were considered less sensi-
tive to variations in the cementation technique when compared to conventional resin
cements. The results of the systematic review showed that, for conventional resin
cements, cleaning the posts increased significantly (by 43.4%) the bond strength val-
ues when compared to silane coupling agent application without cleaning (ethanol,
air abrasion, or phosphoric acid application). On the other hand, considering only the
self-adhesive cements and all data (conventional and self-adhesive cements), the sur-
face treatment of posts (cleaning or silanization) did not affect bond strength when
compared with the use of these two treatments together?.
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These evidences may provide an explanation for the results found in the present study.
A conventional resin cement (Rely X Ultimate, together with the Single Bond Universal
adhesive system) was used to lute the glass fiber posts and all posts were cleaned
with alcohol before the surface treatments were performed. As seen in Table 1, the
bond strength values found for the control group (NT, no treatment, only cleaning with
alcohol) were relatively high and they did not show significant differences in relation to
other groups, except the group that used the universal adhesive (UA). This fact shows
that only cleaning with alcohol can be sufficient to achieve a good bond with the resin
cement, which can simplify the protocol to treat the surfaces of glass fiber posts.

Also thinking about the simplification, universal adhesives, which can be used in
total-etch or self-etching approaches, have been used in direct and indirect esthetic
restorative procedures. Among them, Single Bond Universal is the only one that has
silane in its composition?. Thus, it was chosen in the present study for the luting of
glass fiber posts and also as a surface treatment. To the authors’ knowledge, no stud-
ies were found that evaluated the use of universal adhesives as surface treatment of
glass fiber posts.

Silanes are adhesion promoters that contain two different reactive functional groups
that can bond with various inorganic and organic materials. The hydrolysable func-
tional groups react with hydroxyl groups on the surface of inorganic substrates, form-
ing covalent Si-O-Si. Organic non-hydrolysable functional groups with a carbon double
bond can polymerize with the resin monomers?. There must be a balance between
the amount of exposed hydroxyl groups in the inorganic substrates and the hydro-
lysable silane functional groups. Thus, the quality of the Si-O-Si bond formed depends
on the concentration of the silane solution? and the substrate surface treatment pro-
tocol which determines the amount of exposed hydroxyl groups?'.

The studies of Zaghloul et al.' (2014) and Kalavacharla et al.?” (2015) evaluated the
bond strength using a universal adhesive containing silane on ceramics and resin
composite and showed that a silane coupling agent must be applied before the uni-
versal adhesive. A significant increase in bond strength values was observed for the
groups where silane was applied in comparison with other groups without silane
application. These results suggest that the silane component of the universal adhe-
sive may not be enough to optimize substrate union with resin cement?’.

These results corroborate the findings of the present study. In the group in which it
was only used the universal adhesive (UA group) as surface treatment of the posts,
it can be considered that the concentration of silane in the universal adhesive was
not sufficient to react with the hydroxyl groups on the surface of the posts, which
can, in turn, have impaired wettability of the surface and the interaction with the resin
cement. The silane layer before the universal adhesive (SUA group) seems to have
improved the chemical bond with hydroxyl groups exposed and the wettability of the
post surface to interact with the cement.

In addition to silane coupling agent application as surface treatment of glass fiber
posts, etching with phosphoric acid, hydrofluoric acid and hydrogen peroxide have
also been reported in the literature?®?. Hydrogen peroxide has been used for the
pre-treatment of glass fiber pins in concentrations varying from 10% to 30%, being
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24% the most cited in the literature®8912142830 in application times of 5 to 20 min%®.
The literature has shown higher bond strength values to dentin when glass fiber posts
are treated with hydrogen peroxide®114,

In this study a commercial gel for tooth whitening with 35% hydrogen peroxide was
chosen because this material is commonly used in dental practice, not needing to be
manipulated, and easily accessible for the surface treatment of posts. Another advan-
tage is its application in short periods of time (1 min)2.

The results of the present work indicated that the use of hydrogen peroxide for the
pre-treatment of glass fiber posts did not significantly increase the bond strength val-
ues when compared with the control group, where no treatment was performed other
than cleaning with alcohol. However, although there was not statistically significant
difference, higher bond strength values were obtained with the use of hydrogen per-
oxide, silane coupling agent and universal adhesive.

In conclusion, the surface treatment of glass fiber posts influenced the bond strength
to root dentin. When the universal adhesive was used alone, lower bond strength
values were found. The use of hydrogen peroxide, silane coupling agent application,
or a combination of the two significantly increased bond strength values in groups
in which the universal adhesive was used. Based on the results of the present study,
a simplified procedure (cleaning with alcohol), without steps that can increase clini-
cal time and technical sensitivity, can be recommended as surface treatment for the
cementation of glass fiber posts.
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