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Abstract

Background: Considering the differences in the filler particles between giomer and conventional composite resins
and the importance of these fillers in the repair bond strength, the aim was to evaluate the effects of different etching
strategies with phosphoric acid (PA) and hydrofluoric acid (HF) on the microtensile repair bond strength (µTRBS)
of giomer.
Material and Methods: Ten giomer blocks were randomly assigned into 10: 1) control; 2) 37%PA-20s; 3) 3%HF20s; 4) 3%HF-120s; 5) 9.6%HF-20s; 6) 9.6%HF-120s; 7) 37%PA-20s + 3%HF-120s; 8) 37%PA-20s + 9.6%HF120s; 9) 3%HF-120s + 37%PA-20s; 10) 9.6%HF-120s + 37%PA-20s. In all groups, the One-Step Plus bonding
system was applied and the new giomer block was bonded to the existing giomer. After cross-sectional cutting, 18
samples were prepared from each block and the µTRBS of the samples was measured at a strain rate of 0.5 mm/
min. Data were analyzed with one-way ANOVA and post hoc Tukey tests (P<0.05).
Results: The µTRBS in groups 4, 5, 6, 7, 8 and 10 were significantly higher than that in the control group (P<0.05).
The µTRBS in group 2 was even less than that in the control group (P<0.001). The highest µTRBS was recorded
in group 10, which was significantly different from those in groups 3, 4 and 9 (P<0.05). In addition, the differences
between group 9 and groups 6, 7 and 8 were significantly different (P<0.05).
Conclusions: Etching with PA resulted in a decrease in µTRBS. Etching with HF, except for 3%HF-20s and HF
after etching with PA, resulted in a significant increase in giomer`s µTRBS. An increase in the application time of
3%HF resulted in a significant increase in the µTRBS.
Key words: Dental restoration repair, Hydrofluoric acid, Phosphoric acid, etching.
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Introduction

discrepancies in the results of different studies might be
attributed to differences in the chemical compositions
of composite resins that have been repaired. The repair
bond strength is affected by the type of resin monomer
and the type and amount of filler in the composite resin.
The effect of etching predominantly depends on the chemical composition of filler particles of composite resin;
therefore, the effect of etching on the surface roughness
of different composite resins will be different (8).
Recently a new group of composite resin-based tooth-colored restorative materials have been introduced,
referred to as giomers, which are methacrylate-based.
These restorative materials have filler content different
from that of conventional composite resins. In fact, giomers are a true combination of glass-ionomers and composite resins, in which the acid‒base reaction has taken
place before mixing the fillers with resin, contrary to
acid-modified composite resins. After this reaction, the
material is lathed and mixed with the methacrylate resin
as filler. In this type the release of fluoride is preferred
and the mechanical properties are scarified for the release of fluoride. In-vitro studies showed that micromechanical properties and biocompatibility of giomer are better in comparison to conventional composite resins. In
addition, its excellent clinical performance were shown
in several short-term studies and a recent long term 13year recall examination (9,10).
Since the type of the old composite resin restoration and its
filler type as a substrate have an important role in the repair
bond strength (11,12), the aim was to evaluate the effect
of different etching strategies with phosphoric acid (PA)
and hydrofluoric acid (HF) on the microtensile repair bond
strength (µTRBS) of giomers. The null hypothesis was that
different etching strategies with phosphoric acid (PA) and
hydrofluoric acid (HF) have similar effects on the microtensile repair bond strength (µTRBS) of giomers.

Composite resin restorations may fail in the long term
due to various reasons such as caries, fractures, discoloration and improper contour, necessitating replacement
or repair. Replacement of the whole restoration is an
invasive procedure and due to the tooth-colored nature
of composite resins such a procedure might result in a
two-fold loss of sound tooth structure and an increase in
the risk of pulpal damage compared to the replacement
of amalgam or glass-ionomer restorations. Repair of
defective composite resin restorations is an alternative
conservative procedure and is preferable in terms of its
cost and chair time, in addition to its contribution to the
preservation of sound tooth structure and prevention of
pulpal damage (1). In the repair of composite resin restorations, a new layer of composite resin is placed over
the old composite resin restoration. However, such a
procedure is associated with some specific problems due
to the absence or presence of a very thin layer of carbon
double bonds on the surface of old composite resin for
bonding with the new composite resin. Furthermore, in
many cases, the old composite resin is unknown, increasing the complexity of the repair process.
Since it is important to achieve a reliable and durable
bond between the old and new composite resins for
clinical success, it is necessary to increase the surface
roughness of the old composite resin to increase the mechanical interlocking and apply a proper bonding agent
for surface wetting in order to achieve a chemical bond
between the two materials that is strong enough. In addition, many attempts have been made to introduce primers specific for composite resins. However, bonding
the new composite resin to the old composite resin layers is still a challenge (2).
Various chemical and mechanical surface preparation techniques and different bonding systems have been suggested to improve the repair bond strength of composite
resins. Many studies have shown that surface roughening of composite resins is more effective than the application of bonding agents in improving the repair bond
strength (3,4). It is possible to create surface roughness
on old composite resin restorations through macromechanical roughening with the use of burs and through
micromechanical techniques such as acid etching with
hydrofluoric acid or sandblasting. One study shown that
surface treatment with a diamond bur or sandblasting
results in the highest bond strength (2). Etching with hydrofluoric acid is a reliable technique for bonding composite resins to porcelain. However, the results of studies
on the effect of etching composite resin on the repair
bond strength to composite resin have been very contradictory. Some studies have failed to show the positive
effect of hydrofluoric acid on the repair bond strength of
composite resin (2,5). However, some other studies have
shown the positive effect of this technique (6,7). The

Material and Methods

-Preparation of Samples
First two polylactic acid molds (PLA Shanghai, Guanghe
Bio-Tech Co.), measuring 5×20×5 mm were prepared
in order to prepare giomer samples with the same size.
Beautifil II giomer (Shofu Dental Corporation, Osaka,
Japan) was placed in the molds using the incremental
technique in 2-mm layers and each layer was light-cured
using Demetron A2 (Kerr, West Collins, Orange, CA,
USA) light-curing unit at a light intensity of 1000 mW/
cm2 for 20 seconds. A glass slab was placed on the last
layer before light-curing and after removal of the excess
material it was light-cured with the same light-curing
unit. Then the giomer blocks were polished with the use
of 600-, 800- and 1200-grit silicone paper using the ultrasound technique for 10 minutes.
-Surface preparation
The prepared blocks were subjected to a 500-round there733
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mocycling procedure in a water bath at 5‒55±5ºC, with
a dwell time of 30 seconds and a transfer time of 10 seconds. Then the giomer blocks were randomly assigned
to 10 groups and their polished surfaces were prepared
using one of the following techniques:
1) Control (no surface treatment)
2) Etching with 37% PA for 20 seconds (37PA-20S)
3) Etching with 3% HF for 20 seconds (3HF-20S)
4) Etching with 3% HF for 120 seconds (3HF -120S)
5) Etching with 9.6% HF for 20 seconds (9.6HF-20S)
6) Etching with 9.6% HF for 120 seconds (9.6HF-120S)
7) Etching with 37% PA for 20 seconds followed by
etching with 3% HF for 120 seconds (37PA-20S+3HF120S)
8) Etching with 37% PA for 20 seconds followed by etching with 9.6% HF for 120 seconds (37PA-20S+9.6HF120S)
9) Etching with 3% HF for 120 seconds followed by etching with 37% PA for 120 seconds (3HF-120S+37PA20S)
10) Etching with 9.6% HF for 120 seconds followed
by etching with 37% PA for 20 seconds (9.6HF120S+37PA-20S)
-Repair process
After surface treatments, the surface of each prepared
resin block was covered with a thin layer of One Step
Plus (Bisco, Schaumburg, USA) adhesive system, followed by thinning with an air stream from an air syringe and light-curing with the same light-curing unit for
10 seconds according to manufacturer’s instructions.
Then the new giomer, as a repair material, was placed
incrementally in 2-mm layers within a transparent mold
and each layer was light-cured with Demetron A2 light-curing unit at a light intensity of 1000 mW/cm2 for
20 seconds. Before light-curing the last layer, the samples prepared in the previous stage were placed on this
sample and light-cured for 20 seconds from each side
after elimination of excess material in order to achieve
a block that measured 10×20×5 mm. Then the interface
underwent a 500-round thermocycling procedure in a
water bath at 5‒55±5ºC.
-Microtensile repair bond strength test
The prepared blocks were sectioned with the use of a
diamond disk at low speed under water spray. To this
end, first the blocks were fixed on the metal rod of the
sectioning machine with the use of cyanoacrylate adhesive gel, at a right angle to the diamond disk of the
cutting machine. The first section, measuring almost 0.5
mm, was discarded due to the possibility of a deficiency
in the adhesive material at the interface, which might
have changed the results. Each segment was turned 90º
and fixed on the metal rod again. The first section was
discarded again for the reason mentioned above. This
way, 18 samples were achieved from each giomer block,
with an approximate surface area of 1 mm2. Samples

with a free adhesive surface were fixed on the special
cylinder of the microtensile tester (Bisco, Schaumburg,
USA) with the use of cyanoacrylace gel. Microtensile
bond strength test was carried out at a strain rate of 0.5
mm/min. The bond strength was calculated using the following formula, (Fig. 1):
R=F/A

Fig. 1: Formula.

Where R is the bond strength in MPa, F is the force required to detach the segments in Newton (N) and A is the
bonding surface area in mm2, which was measured with
a digital Vernier before the test.
Evaluation of microstructure and surface topography
In order to evaluate microstructure and the surface topography after the application of different etching strategies, two extra samples of giomer from each group were
prepared without the use of any bonding system and new
giomer on their surface. The surface topography was
evaluated under a Nanoscope® II atomic force microscope (AFM) (Digital Instruments, USA) and the microstructure was evaluated under a scanning electron microscope (SEM) (Cam Scan MV2300, Czech Republic).
To prepare the samples for evaluation under an electron
microscope, the sample surfaces were gold-sputtered at
an angstrom level in the presence of argon plasma. Then
the microstructure was photomicrographed under the
electron microscope based on the information achieved
from the bounced electrons. It should be pointed out that
no surface preparation is necessary for evaluation and
imaging of the samples under AFM and the samples can
be evaluated and photomicrograph under AFM, directly.
-Analysis of data
Normality of data distribution was checked with the
Kolmogorov-Smirnov test. One-way ANOVA was used
to compare the µTRBS, and post hoc Tukey tests were
used for two-by-two comparisons of the groups. Statistical significance was set at P<0.05.

Results

Table 1 present the means and standard deviations of
µTRBS values in the study groups. Kolmogorov-Smirnov test showed that data were distributed normally and
were parametric (P>0.05). The results of one-way ANOVA showed significant differences in mean µTRBS values between the study groups (P<0.001).
Two-by-two comparisons of the groups with post hoc
Tukey test showed that:
1. There were significant differences in the µTRBS
of giomer between the control group and all the other
groups except for groups 3 and 9; the mean µTRBS in
group 1 was higher than that in group 2 and less than that
in other study groups (P<0.05).
2. There were significant differences in the mean
µTRBS of group 2 and all the other study groups; the
e734
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139
132
116
(Sa:nm)

125
(Mean ± SD)

SR

* Abbreviations: µTRBS; microtensile repair bond strength, AFM; Atomic force microscopy, nm; Nanometers, Sa: Arithmetic average of the 3D roughness profile.
¤ Different capitals mean statistically significant differences between control and experimental groups.
¥Similar letters mean no statistically significant differences between experimental groups.

130
141
141
140
139

50.72Cbd ± 10.05
50.02Cb ± 11.20
45.77 Ab ± 9.48
± 6.17
Ba

27.5
38.86 A ± 5.92
µTRBS

mean µTRBS in group 2 was less than that in the other
study groups (P<0.001).
3. There were significant differences in the mean µTRBS
of giomer between group 3 and groups 7, 8 and 10, with
the least mean in group 3 among these groups (P<0.05).
4. There were significantly differences in the mean
µTRBS of groups 6, 7, 8 and 10 and group 9, with the
least mean in group 9 among all these groups (P<0.05).
5. The highest mean µTRBS of giomer was recorded in
group 10, which was significantly higher than those in
groups 1, 2, 3, 4 and 9; but it was not significantly higher
than those in other study groups.
-Evaluation of microstructure and surface topography
Figure 2 presents the SEM photomicrographs for the
evaluation of the microstructure of samples after different etching strategies. The results of the evaluation of
surface topography under AFM and the relevant numeric values for surface roughness (Sa), are presented in
Figure 3 and Table 1.

146

59.22Cd ± 8.94
41.97Ab ± 7.62
54.63Cd ± 7.13
54.63Cd ± 8.89
53.16Cbd ± 6.16

8
7
6
5
4
3
2
1
Group

Table 1: The means and standard deviations (SD) of microtensile repair bond strengths (MPa) and surface roughness (SR) values based on AFM data.

9
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Discussion

Achieving a proper interfacial bond between old and
new composite resins and making sure of its durability has always been a challenge due to the absence of
the oxygen-inhibited layer, the high conversion rate of
monomers and the release of the bulk of monomer with
the unreacted double bonds over time (13-17). Since the
solubility and penetrability of polymers decrease with
an increase in convention rate (18,19), it is very important to create surface roughness and provide conditions
for maximum mechanical interlocking during the repair
process of old composite resins.
Due to a lack of sufficient data on the proper technique
to repair giomers that differ from conventional composite resins structurally and in relation to their filler content,
in the present study different techniques were evaluated
for creating surface roughness with the use of a single
etching process or the combined use of PA and HF to
evaluate their effect on the µTRBS of giomers.
The results showed significant increases in µTRBS values compared to the control group after surface preparations, including etching with 9.6% HF for 20 and 120
seconds, etching with 3% HF for 120 seconds, etching
with 37% PA for 20 seconds followed by etching with
3% HF for 120 seconds, etching with 37% PA for 20
seconds followed by etching with 9.6% HF for 120 seconds, and etching with 9.6% HF for 120 seconds followed by etching with 37% PA for 20 seconds.
Previous studies have shown that the surface roughness
of the matrix has a very important role in increasing the
bond strength because an increase in surface roughness
results in an increase in free surface energy and wettability of adhesive systems (5,20-22). In addition, an increase in surface roughness results in an increase in the
possibility of mechanical interlocking and availability of
e735
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Fig. 2: Scanning Election Microscopy photo-micrographs of surface of samples in study groups: 1) Control, 2) 37PA-20S, 3) 3HF-20S, 4) 3HF120S, 5) 9/6HF-20S, 6) 9/6HF-120S, 7) 37PA-20 S+3HF-120S, 8) 37PA-20 S+9/6HF-120S, 9) 3HF-120S+37PA-20S, 10) 9/6HF-120S+37PA20S.

Fig. 3: Atomic Force Microscopy photo-micrographs of surface of samples in study groups: 1) Control, 2) 37PA-20S, 3) 3HF-20S, 4) 3HF-120S,
5) 9/6HF-20S, 6) 9/6HF-120S, 7) 37PA-20 S+3HF-120S, 8) 37PA-20 S+9/6HF-120S, 9) 3HF-120S+37PA-20S, 10) 9/6HF-120S+37PA-20S.

more carbon‒carbon double bonds that are able to form
a double bond with their counterparts in the adhesive
systems applied on the prepared surfaces for the repair
process (23). Therefore, the results above can easily be
explained by the AFM images and the surface roughness
values resulting from them. However, surface treatment
in the form of etching with 3% HF for 20 seconds did not
have a significant effect on the µTRBS. A lack of significant increase in surface roughness might be explained
by inadequate power of 3% HF to dissolve the superficial giomer fillers and also by its short application time.
In contrast, an increase in the duration of application of
3% HF from 20 to 120 seconds resulted in a significant
increase in µTRBS (group 4: 3% HF for 120 seconds)
compared to the control group. Kula et al. (24) showed
that an increase in the duration of application of 1.23%
APF resulted in greater changes in surface characteristics of composite resins, with greater loss of composite

resin weight due to dissolution of a large amount of filler
particles, consistent with the results of another study by
these researches (25). A study showed that an increase
in the duration of application of APF resulted in a significant increase in the weight loss of posterior composite
resins with silicate, glass and aluminosilicate filler particles.(24) Silicon dioxide is a glass component which can
be dissolved by HF according to the following formula,
(Fig. 4):
12HF+3SiO2=2H2SiF6+Si (OH)2+2H2O
Fig. 4: Formula.

As a surprise finding, etching with 37% PA for 20 seconds resulted in a significant decrease in bond strength
compared to the control groups. As shown by AFM photomicrographs, etching with 37% PA for 20 seconds resulted in erosion and wear and significant smoothening
of rough and regular surfaces compared to the control
e736
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group. This also happened with etching with 3% HF for
120 seconds, followed by etching with phosphoric acid
for 120 seconds because as shown by AFM evaluations,
the subsequent use of PA resulted in the wear of some
surface roughness created by 3% HF, resulting in a decrease in surface roughness.
On the other hand, although surface etching with 37% PA
for 20 seconds decreased the surface roughness, subsequent etching with HF, irrespective of the concentration
used, resulted in a significant increase in surface roughness, improving the repair bond strength. Comparison
of the surface ultrastructure of samples in these groups
with the group in which 37% PA was applied for 20 seconds showed that subsequent etching with HF resulted
in several surface irregularities in the globular form in
the eroded areas resulting from etching with 37% PA for
20 seconds.
Another important findings of the present study was the
fact that the µTRBS in 9.6% HF groups for 20 seconds,
9.6% HF group for 120 seconds, and 9.6% HF group
for 120- seconds followed by 37% PA for 20 seconds
were not significantly different from each other, indicating that increasing the duration of application of 9.6%
HF did not result in a significant increase in surface
roughness and in bond strength. In addition, if the first
etching procedure of the giomer surface is carried out
with HF, there is no need to re-etch the surface with 37%
PA. Considering the SEM and AFM photomicrographs,
it might be concluded that although the subsequent etching with 37% PA after initial etching with HF resulted
in changes in the surface ultrastructure and emergence
of further depressions and pits on the surface, it did not
result in a significant increase in bond strength and surface roughness.
Compared to a study by Loomans et al. (8) on the effect
of different etching techniques with HF and PA on the
surface characteristics and roughness of hybrid and nano-hybrid composite resins, despite some similarities,
there are some significant differences in relation to the
effect of etching techniques on the microstructure of
these composite resins compared to giomer. In contrast
to the results reported by Loomans et al., indicating a
significant increase in the repair bond strength of hybrid
composite resins after etching with 37% PA for 20 seconds followed by etching with 3% HF for 20 seconds
despite the increase in surface roughness, in the present
study etching the giomer surface with 37% PA resulted
in surface erosion and a decrease in repair bond strength
compared to the control group. In addition, etching of
giomer surface with 3% HF for 20 seconds did not result
in a significant change in the µTRBS of giomer.
In addition, in the study above, there was no significant
change in the surface roughness and repair bond strength
of nano-hybrid composite resins after etching with 37 %
PA for 20 seconds and 3% HF for 20 seconds, somewhat

consistent with the results of the present study on giomer.
On the other hand, similar to the present study, etching
of nano-hybrid composite resin with 3% HF for 120 seconds and also a higher concentration of HF alone or
in combination with PA resulted in complete detaching
of cluster nano-fillers from the surface of composite
resin, resulting in an increase in repair bond strength.
Comparison of SEM photomicrographs between these
two studies shows that it appears pre-reacted GI fillers
in giomer are more resistant to complete dissolution or
detachment from the composite resin surface in different
acid etching strategies compared to different types of barium glass and colloid silica fillers in hybrid composite
resins and zirconia-silica fillers in nano-composite resins; in addition, with an increase in the concentration
of acid and elimination of acid application the GI fillers
undergo more dissolution compared to their environment, decrease in size and are not completely detached
from the composite resin surface. Complete detachment
was observed only when a combination of PA and HF,
respectively, was used. In addition, when first HF was
used, followed by application of PA, the fillers were not
completely detached from the composite resin surface,
similar to that in nano-hybrid composite resins.
It is obvious that the presence of a large number of separate spherical and cylindrical filler particles with small
sizes results in a large surface area for bonding with adhesive systems and repair composite resins compared to
larger and multi-surfaced particles that are attached to
each other. Since the repair bond strengths in groups 6,
7, 8 and 10 were higher compared to groups 1, 2, 3, 4, 5
and 9, the results of this study are consistent with SEM
observations.
An important finding in SEM evaluations was the complete detachment of filler particles from the giomer surface in samples in group 9, which exhibited bond strength values comparable to those in the control group,
despite the presence of a large number of porosities, i.e.
etching with 3% HF for 20 seconds followed by etching
with 37% PA for 20 seconds did not significantly increase the bond strength compared to the control group. This
is possibly due to the fact that the presence of a balance
between the surface roughness created by etching and
the remaining filler on the composite resin with a strong
bond with the resin matrix is necessary for achieving sufficient bond strength. Complete detachment of a part
of fillers, leaving some fillers which are still attached to
the resin matrix similar to that in group 10, resulted in a
surface that yielded the maximum repair bond strength
among all the study groups.
It is obvious that the surface roughness created by etching the surface of old composite resins that are candidates for repair, with different strategies, is mainly influenced by its chemical composition and the chemical
composition of its fillers in particular; therefore, there
e737
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are many discrepancies between the results of different
studies on the effect of etching with different strategies
on the repair bond strength of old composite resins. The
problem becomes more complicated when the chemical
composition and the type of the resin of the composite resin to be repaired are unknown and this is the case
in many situations. On the other hand, since the surface
roughness is not the only factor involved in determining
the bond strength, it is not possible at present to introduce an effective repair strategy for all types of composite
resins that are available.
It should be pointed out based on the results above that
the present study was carried out in vitro and with the
use of one adhesive system; therefore, its results cannot be completely extended to clinical situations. In addition, it is possible that use of other adhesive systems
with the use of different types of repair composite resins
will yield different results.
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Conclusions

It can be concluded under the limitations of the present
study that:
1. Etching with PA only for 20 seconds resulted in a significant decrease in µTRBS of giomer.
2. Etching with 9.6% HF, irrespective of the duration
of etching, resulted in a significant increase in giomer`s
µTRBS, and it seems it is not necessary to increase the
duration of etching from 20 to 120 seconds.
3. In relation to 3% HF, an increase in the duration of
etching from 20 to 120 seconds resulted in a significant
increase in giomer µTRBS.
4. Etching with PA, followed by etching with HF, irrespective of the concentration of HF, did not result in a
significant increase in giomer µTRBS, compared to etching with HF only.
5. Etching with HF, followed by etching with PA, resulted
in a significant increase in repair bond strength compared
to the control group, only when higher concentration of
HF was used. In addition, etching with lower concentration did not improve the repair bond strength significantly.
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