Brazilian Dental Journal (2016) 27(2): 228-233
http://dx.doi.org/10.1590/0103-6440201600722

Acid Etching and Surface Coating
of Glass-Fiber Posts: Bond

Strength and Interface Analysis

Doglas Cecchin', Ana Paula Farina', Rafael Pino Vitti?, Rafael Ratto Moraes?,
Atais Bacchi*, Aloisio Oro Spazzin*

The aim of this study was to evaluate the bond strength of a composite resin to glass-
fiber post (GFP) treated or not with phosphoric acid, silane coupling agent, and unfilled
resin. GFPs were etched or not with 37% phosphoric acid and different surface coating
applied: silane coupling agent, unfilled resin, or both. Composite resin blocks were built
around a 4-mm height on the GFP. Unfilled resin (20 s) and composite resin (40 s) were
light activated by a light-emitting diode unit. The specimens were stored in distilled
water at 37 °C for 24 h. Microtensile bond test was performed using a mechanical testing
machine until failure (n=10). The data were analyzed using two-way ANOVA followed by
Student-Newman-Keuls' test (p<0.05). Failure modes were classified as adhesive, mixed, or
cohesive failures. Additional specimens (n=3) were made to analyze the bonded interfaces
by scanning electron microscopy. The statistical analysis showed the factor 'surface coating'
wassignificant (p<0.05), whereas the factor 'HP etching’ (p=0.131) and interaction between
the factors (p=0.171) were not significant. The highest bond strength was found for the
silane and unfilled resin group (p<0.05). A predominance of adhesive and cohesive failures
was found. Differences regarding the homogeneity and thickness of the unfilled resin layer
formed by different GFP surface treatments were observed. The application of silane and
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unfilled resin can improve the bond strength between GFP and resin composite.

Introduction

Several clinical failures of endodontically treated
teeth (e.g. root fracture) are often associated with post
cementation flaws (1). To obtain the clinical success of
the prosthetic treatment, it is essential that posts show
physical properties as rigidity similar to that of dentin,
promoting a correct distribution of occlusal forces along
the tooth (2). The glass-fiber posts (GFPs) have two
important advantages in relation to other types of posts:
(1) the elastic modulus close to that of dentin, and (2)
the core build-ups cemented by an adhesive technique
(2,3). These characteristics may improve the retention as
well as the mechanical performance of the restored teeth
endodontically treated (4). However, there are still several
difficulties with using GFPs. Bonding to resin core build-
up is a complex procedure due to the sensitivity of the
technique (5). Moreover, different restorative materials can
be used in clinical practice, so it is difficult to predict the
clinical performance of restorations anchored by GFPs in
relation to incompatibilities between adhesives and resin
cements or composites (6).

In order to improve the bond strength between the
GFPs and the resin composite, various surface treatment
procedures have been investigated using mechanical
(sandblasting) or chemical agents (silanization, acid
etching, silica coating, bonding agents) (7-9). Some of
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these treatments can increase the post surface roughness
and wettability, thus enhancing the interlocking between
GFPs and resin composite (10). The ability of phosphoric
acid (HP) to change GFP surface topography by an etching
procedure resultsin increased contact surface and improves
the interaction between GFP and resin composite (11). In
order for the energy of contact surface generated by etching
acid to be optimized, the resin agents need sufficient
wettability to completely infiltrate the irregularities (11).

The prosthodontic treatment using post and core
system is widely used in dentistry. Nowadays, the metallic
posts have been replaced by non-metallic posts, as the
epoxy resin posts reinforced with glass fibers (GFPs) (12).
Studies using GFPs has shown satisfactory results for the
physico-mechanical properties, contributing to the success
of prosthodontic treatment (2,5,10,13).

Eames et al. (14) suggested the use of a silane coupling
agentin dentistry. The most commonly used silane for dental
applications is a pre-hydrolyzed monofunctional y-metha
cryloxypropyltrimethoxysilane diluted in an ethanol-water
solution. The silane coupling is marketed in a pre-hydrolyzed
form (one bottle) or in a form where hydrolysis can occur
by mixing silane and acid (two bottles) (15). Silanes are
bifunctional molecules with one end of the molecule
capable of reacting with inorganic glass fiber and the other
with organic resin. Silanization is the technique most often



used to improve the bond strength of GFPs to the resin
composite (10). This treatment increases the wettability
and forms a covalent bond with both the GFPs and the
resin composite (16). The action mechanism of silane relies
on the formation of bonds between its functional alkoxy
groups and the OH-covered inorganic fibers (10).

However, the adhesive cementation of GFPs using
silane coupling agents to improve the bonding of resin
is a controversial issue (17). Some studies reported that
silanization does not improve the bond strengths of
resin composite to GFPs (8,17), whereas others have
demonstrated an increasing effect on bond strengths via
silanization (16,18). Another subject of controversy is the
use of a polymerizable bonding agent after silane. The
use of a bonding agent could provide a better mechanical
interlocking with the GFPs, since the silane forms a very thin
layer over the surface. Thus, there is a lack of knowledge
regarding the influence of different surface treatments
on bond strength to GFPs, mainly about the use of silane.

The aim of this study was to evaluate the bond
strength of a composite resin to GFP treated or not with
phosphoric acid, silane coupling agent, and bonding agent.
The hypotheses tested were that (i) phosphoric acid, (i)
the silane treatment, and (iii) the bonding agent would
enhance the bond strength to the GFPs.

Material and Methods
Specimen Preparations

Customized rectangular (6 x 5 mm, 2 mm thick) GFPs
were obtained from Angelus (Londrina, PR, Brazil). The bar
geometry wasimportant to allow obtaining specimenson a
flat post surface. The bars were submitted to wet polishing
using 400-, 600-, 1200-, and 2000-grit silicon carbide
papers (Norton SA, Sio Paulo, SP, Brazil) to obtain flat
surfaces on both sides. The specimens were ultrasonically
cleaned in distilled water for 10 min and dried with
compressed air. The materials and application mode used
for the etching and surface coating are presented in Table
1.The GFPs were either etched or not, and different surface

Table 1. Materials, manufacturers and application mode
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coating applied: none, silane, unfilled, silane+unfilled resin.

The unfilled resin was light activated for 20 s using
a light-emitting diode unit (UltraLume 5, Ultradent
Products, South Jordan, UT, USA) operated at 800 mW/cm?
of irradiance. The composite resin (Z250 XT; 3M ESPE, St.
Paul, MN, USA) was built around the 4-mm height on the
GFP; each increment of 1-mm height was light activated
for 40 s. For each group, 5 samples were prepared.

Bond Strength Test and Failure Analysis

The samples were stored in distilled water at 37 °C for
24 h. For the microtensile bond test, the samples were
serially sectioned into sticks with approximately 1-mm?
thick of the bond interface using a diamond saw (Isomet,
Buehler, Lake Buff, IL, USA). Two sticks of each sample were
randomly selected from the central area. These were fixed
toajig using cyanoacrylate glue (Super Bonder Gel, Loctite,
Rocky Hill, CT, USA) in a mechanical testing machine (4411;
Instron Corp., Canton, OH, USA) and tested until failure
(n=10). Bond strength values were calculated in MPa. The
data were submitted to a two-way ANOVA (HP etching
vs. surface coating) and multiple comparison procedures
were carried out by the Student-Newman-Keuls' method
(p<0.05). The fractured specimens were examined under
optical microscopy at a 40x magnification. Modes of failure
were classified as adhesive failure, mixed failure (remnants
of composite and/or bonding agent on the post surface),
or cohesive (failure in composite and/or bonding agent).

Scanning Electron Microscopy (SEM) Analysis of the
Bonded Interfaces

In order to observe the morphology of the bonded
interfaces, additional specimens (n=3) were obtained
and embedded cross-sectionally in epoxy resin, similar to
what has been previously described (19). The specimens
were wet polished with 600-, 1200-, 1500-, 2000-, and
2500-grit SiC papers followed by polishing with 3, 1, 0.25,
and 0.1 um diamond polishing suspensions. Debris was
ultrasonically removed for 10 min among each polishing
step. The specimens were coated with gold
and the cross-section profiles examined
by SEM (JEOL JSM-5600LV, Tokyo, Japan)
at 15 kV, focusing on the depth of

Material/Manufacturer

Application mode

37% phosphoric acid
Condac 37, FGM, Joivinle, SC, Brazil

Silane coupling agent
Silano, Angelus, Londrina, PR, Brazil

Unfilled resin
Adper Scotchbond Multi-Purpose,
3M ESPE, ST. Paul, MN, USA

Applied for 15 s, washed for 15 and
dried for 30 s with compressed air.

Applied two thin layers, waited 60 s
and dried for 30 s with a mild air.

Applied a thin coated, dried
for 5 s with a mild air and
light activated for 20 s.

etching, micromechanical entanglement,
integrity,and homogeneity of the bonding
interface.

Results
Results for the microtensile bond
strength test are shown in Table 2. The
statistical analysis showed the factor
‘surface coating' wassignificant (p<0.05),
229
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whereas the factor ‘HP etching’ (p=0.131) and interaction
between the factors (p=0.171) were not significant. All
groups showed significantly higher bond strengths when
some surface coating was applied (p<0.05). The highest
bond strength was found for the combined use of silane
and unfilled resin (p<0.05), irrespective of the HP etching.
Overall, the acid etch did not present influence on the bond
strength, however, when silanization of the post was not
carried out, the use of the HP etching before the unfilled
resin increased the bond strength between composite resin
and GFP (p=0.05).

Distribution of failure modes is presented in Figure 1.
A predominance of adhesive failure was detected for the
non-etched group and mixed failure for the etched group,
irrespective of the use of silane and/or bonding agent.
However, the number of mixed failures was higher for both

Table 2. Groups tested and means (standard deviations) for bond
strength (MPa)

HP Surface coating
None Silane Unfilled Silane +
resin Unfilled resin
No 39(0.8)P* 10.3(22)B 8.4(3.00Ch 153 (4.8) A=
Yes  3.6(1.3)%  10.4(2.8) B+  11.1 (2.7) B2 17.3 (4.3) A=

Data with different superscript small letters in a same column indicate
differences for HP; different superscript capital letters in same row
indicate differences for coating agents (p<0.05).

Silane + bond

Bond

Non-ecthed

Silane

No surface coating

Silane + bond

Bond
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Silane

No surface coating
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Figure 1. Distribution of failure modes (%) among groups.
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groups (etched and non-etched) where the surface coating
was performed using silane and unfilled resin.

Representative SEM images of the bonded interfaces
are shown in Figure 2. For the group non-etched when
unfilled resin was used as surface coating, a thicker
adhesive layer between the post and resin composite can
be observed (Figure 2B). Other differences such as depth
of etching, micromechanical entanglement, integrity, and
homogeneity of the bonding interface were not observed
for the other groups.

Discussion

When a restoration of endodontically treated teeth is
performed, many factors can play an important part in
the resin bond with the tooth structure. There are three
interfaces which need to be considered: the dentin-luting
resin, the GFP-luting resin, and the GFP-composite resin
interfaces. The bond strength at these interfaces has to
be optimized because a weak interface can contribute to
failure of the restoration. Thus, a stable and durable bond
between the dental materials and GFP is trivial for the
clinical success (20).

Several methods were developed for evaluating bond
strength. The micro-shear bond test is a common testing
method, but it often produces cohesive fracture within the
substrate rather than the interface. This occurs due to the
generation of complex stress distribution during the test
and may lead to erroneous results interpretation (21). The

B Adhesive
& Mixed

B Coesive

60% 70% 80% 90%  100%



microtensile bond test was introduced by Sano (22) in an
attempt to eliminate the non-uniform stress distribution
within the adhesive zone. With the loading stress more
uniformly distributed, failures predominantly occur at the
adhesive interface (23). In addition, multiple specimens can
be obtained from a single unit, so the variance associated
with this test is usually low (20%), providing more consistent
data. Microtensile bond strength test was preferred over
shear bond strength test because with the latter, even
though more frequently used, itis not possible to determine
the actual stress generated at the interface. Microscopic
analysis of the fractured areas should be performed to
provide a more complete description of the failure modes
when the microtensile bond test is used (23).

Generally the several surface treatments tested in this
study improved the bond strength to GFPs. Regarding the
surface etching by HP, the etched groups did not differ
statistically from non-etched group, except to group
surface coated by unfilled resin where the etching acid
enhanced the bond strength, rejecting the first hypothesis.
The SEM analysis showed the high amount of inorganic
matrix present in GFPs. So, the etching acid for 15 s by
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HP (37%) may not be sufficient to remove a significant
amount of matrix to create voids to be filled with silane
and/or unfilled resin, enhancing the bond strength. SEM
analysis also showed the formation of a thick adhesive layer
between the post and resin composite for the unfilled resin
non-etched group (Fig. 2B). This situation might explain
the lower bond strength values found for this group. The
association between HP and unfilled resin agent generated
a thinner and more homogeneous adhesive layer on the
GFPsurface, decreasing the possibility of creating porosities
without adversely affecting the bond strength. However,
this phenomenon was not observed for other groups
where silane (alone or combined with unfilled resin) was
used as surface coating. The GFP surface acid etching can
increase the surface energy and consequently improve the
wettability by restorative materials. Maybe the unfilled resin
is more sensitive to wettability caused by this treatment
than silane. Despite the similar values of bond strength
between etched and non-etched groups, the mode of
failure was predominantly adhesive for the non-etched
group, suggesting that this interface is the weak link in
the adhesive system. This result shows the importance of

Figure 2. Representative SEM images (15 kV, 50pm) of the bonded interfaces (A = only silane; B = only unfilled resin; C = silane + unfilled resin;
D = HP + silane; E = HP + unfilled resin; F = HP + silane + unfilled resin). The absence of HP etching when unfilled resin was used on surface
coating formed a thick adhesive layer between the post and resin composite (arrow on B). No visible differences were observed for the other groups.
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acid etching on the GFP surface.

The second hypothesis was confirmed because the use
of silane enhanced the bond strength to the GFPs. Silane
solutions are hybrid organic-inorganic compounds which
can establish adhesion between organic and inorganic
matrices by an intrinsic dual reaction (24). Organosilanes
bond to the silica in the GFPs through the formation of
siloxane bonds after hydrolysis of the alkoxy groups into
silanol groups, improving the surface wettability (24).
Moreover, there is an intimate contact established between
the interface materials, so the Van der Waals forces may
become effective, providing a physical adhesion and
contributing to the chemical reaction (25).

Application of unfilled resin also increased the bond
strength, accepting the third hypothesis. The data shows
that mechanical interlocking of this material with the
GFP may have influence in improving the bond strength,
besides of the chemical reaction. This phenomenon is clear
observing the group where the association between silane
and unfilled resin was used as surface coating treatment
and generated higher bond strength than the use of silane
alone. Chemical linkage through siloxane bonds, better
surface wetting, and better mechanical keying are events
that together may explain the highest values of bond
strength for this group. Further, the use of silane only
forms a non-homogeneous layer on the GFP surface, being
unable to strengthen the surface by itself. The increase of
the bond strength using only silane depends of its ability
to fill the irreqularities with resin composite. Together
with unfilled resin they can both infiltrate the GFP surface
and entangle the substrate, reinforcing its structure. A
limitation of this study was the GFP surfaces were polished
using silicon carbide papers to obtain flat surfaces prior
to bonding procedures. The polishing was necessary due
the original geometry of the specimens and it can have
created a smoother surface compared to clinical situation.
Further study can confirm this limitation.

This study showed that any surface coating material
has the ability to improve the bond strength and that the
best scenario is the combined use of silane and unfilled
resin. Despite the etching with 37% HP for 15 s did not
increase the values of bond strength, the quality of the
adhesive layer improved. Other variables such as different
types of acid, concentration, and application times should
be evaluated in further studies to define a protocol for
surface treatments of GFPs.

Resumo

0 objetivo deste estudo foi avaliar o efeito resisténcia de unido de uma
resina composta para pinos de fibra de vidro (PFV) tratados ou nio
com acido fosforico, agente de unido (silano) e adesivo. PFVs foram
condicionados ou ndo com acido fosforico 37% e receberam aplicacdo
de diferentes materiais: um agente de unido, um adesivo, ou ambos.
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Blocos em resina composta foram construidos a 4 mm de altura no PFV.
0 adesivo (20 s) e a resina composta (40 s) foram fotoativado por um
diodo emissor de luz. As amostras foram armazenadas em dgua destilada
a 37 °C por 24 h. O teste de microtracéo foi realizado em uma maquina
de ensaio universal (n=10). Os dados foram analisados usando ANOVA
dois fatores e teste de Student-Newman-Keuls (p<0,05). Os padrdes
de fratura foram classificados em falhas adesivas, mistas ou coesivas.
Amostras adicionais (n=3) foram feitas para analise da interface de unido
em microscopia eletronica de varredura. A analise estatistica mostrou que
o fator 'recobrimento da superficie’ foi significante (p<0,05), enquanto que
o fator 'acido fosforico’ (p=0,131) e a interacio entre os fatores (p=0.171)
ndo foram significantes. A maior resisténcia da unido foi encontrada
para os grupos silano e adesivo (p<0,05). Uma predominéncia de falhas
adesivas e coesivas foi encontrada. Foram observadas diferencas em
relacdo a homogeneidade e espessura da camada adesiva formada sobre
os PFV com os diferentes tratamentos de superficie. Aplicacdo de silano e
adesivo pode melhorar a resisténcia de unido entre PFV e resina composta.
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