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Abstract

Background: Bonding is the most commonly used technique to attach brackets to tooth surfaces.
Objectives: The aim of this study was to determine the effects of time and concentration of etching with phosphoric acid on shear
bond strength (SBS) of orthodontic brackets after using 10-MDP containing adhesive.
Methods: Fifty intact premolars were randomly divided into 5 groups (n = 10). They were mounted in resin blocks. In control group
a gel without phosphoric acid and in-group 2, 3, 4, and 5, phosphoric acid 37% for 5 or 15 seconds and phosphoric acid 15% for 5 or 15
seconds was used respectively. Clearfil SE Bond was used as an adhesive resin for all samples. After bonding of brackets, they were
put under 300 thermocycling aging regime and after that the bracket/tooth SBS was measured by universal testing machine. The
adhesive remnant index (ARI) was evaluated under a stereomicroscope. Data were statistically analyzed using two-way ANOVA and
Kruskal-Wallis test.
Results: The highest mean SBS belonged to the 15% phosphoric acid etching in 15 seconds while the lowest value was seen in 37%
phosphoric acid etching in 5 seconds. The effect of etching time on SBS was not significant (P = 0.31) but the effect of concentration
in SBS has been significant (P < 0.001). In terms of ARI, in application of 15% phosphoric acid, more than 50% of the resin remained
on tooth surface. In application of 37% phosphoric acid, all the resin remained on tooth surface.
Conclusions: In using of Clearfil SE bond, containing 10-MDP, preparing enamel by 15% phosphoric acid had created strong enough
SBS.
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1. Background

Bonding is the most commonly used technique to at-
tach brackets to tooth surfaces. The basis for the adhesion
of brackets to enamel has been enamel etching with phos-
phoric acid, as first proposed by Buonocore in 1955 (1, 2).
Unfortunately, in spite of the fact that bonding technique
has many advantages such as high esthetic and simple pro-
cedure, still have some drawbacks such as failure of resin
bond due to excessive force. This problem lead to increase
in cost and length of treatment. An ideal bond should be
able to resistant forces applied during the course of treat-
ment while maintaining the enamel surface unharmed af-
ter debonding (3-8). Recently introduced dental adhesives
and composite resins are highly reliable, with higher bond
strength and less microleakage, which explain their fre-
quent use in orthodontics (9-11).

Advances in adhesive technology have led to the intro-
duction of self-etch primers to orthodontic treatment. The
basic composition of self-etch primers and self-etch adhe-
sive systems is an aqueous solution of acidic functional
monomers, with a pH relatively higher than that of phos-

phoric acid etchants. Bi- or multi-functional monomers
are added to provide strength to the cross-linking formed
from monomeric matrix (12) because self-etch adhesive
systems do not require a separate acid conditioning step
and moist post-rinse control, they are considered sim-
plified adhesive materials. Some advantages are offered
over conventional etch-and- rinse systems, such as reduc-
tion of postoperative sensibility and less sensitive tech-
nique. Another advantage is that infiltration of adhe-
sive resin tends to occur simultaneously with the self-
etch process, although there are some controversies (13-
16). The current self-etch adhesive systems are classified
based on the number of clinical application steps: one-
step or two-step adhesives (16). Two-step self-etch ad-
hesive systems include the use of a hydrophilic etching
primer, which combines acidic monomers that simulta-
neously etch and prime tooth substrate (17, 18) and after
solvent evaporation, a layer of hydrophobic and bonding
agent seal the dentin (19). One-step self-etch adhesive sys-
tems are all-in-one adhesives, which combine the etching,
priming and bonding (20). The bonding mechanism of
self-etch adhesive systems has been intensely investigated
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and two-fold bonding mechanisms; micro-mechanical in-
terlocking and chemical bonding. The functional acidic
monomers are able to chemically interact with hydroxyap-
atite and are composed by specific carboxylic, phosphonic
or phosphate groups, such as: The dihydrogenphosphate
group from 10-MDPmonomer is responsible for etching
and chemical bonding, while its long carbonyl chain pro-
vides the hydrophobic properties and hydrolytic stability
to this acidic monomer. 10-MDP forms a strong ionic bond
with calcium from hydroxyapatite of enamel or dentin,
also resulting in Ca- salt (21).

The clinical success of Clearfil SE bond might be a result
of its chemical composition, specifically the monomer 10-
MDP. This monomer bonds chemically to hydroxyapatite
by forming stable calcium-phosphate salt without causing
strong decalcification.

Although in vitro studies have indicated the selective
enamel etching for bonding of self-etch adhesive systems
(22-25), which tends to increase the bond strength, diffu-
sion of such acidic monomers beyond the classic hybrid
layer (interfacial zone) and their ion- exchange interac-
tions with the available hydroxyapatite could result in for-
mation of stable organic –inorganic complexes. On the
other hand, presence of adequate hydroxyapatite is nec-
essary to obtain a chemical bond between this monomer
and enamel. Over solution of mineral structure because of
etching can produce weak interface in the area of resin in-
filtration in etched enamel. Therefore, providing the opti-
mum parameters for etching enamel before application of
self-etch adhesive system is essential (16, 26).

2. Objectives

The following research was aimed to determine the ef-
fects of time and concentration of etching with phospho-
ric acid on shear bond strength of metallic orthodontic
brackets on tooth surface after using 10-MDP.

3. Methods

Fifty extracted intact premolars with no visible cracks
or caries were gathered from a dental clinic in Tehran. They
were disinfected in 0.5% Chloramine-T solution (4°C) for
one week. The teeth were then washed with water For 15
seconds. They were mounted horizontally in polymethyle
methacrylate resin blocks (Acroparse, Iran) so that only
labial surface of teeth was exposed. The samples were ran-
domly divided into 5 groups (n = 10).

In control group (10 samples) a gel without phospho-
ric acid was used and Clearfil SE Bond (Kuraray Dental, Os-
aka, Japan) which is a self-adhesive 2-step system was used

which required primer and subsequently adhesive (15 sec-
onds application of primer and adhesive for 10 seconds).
Air syringe was used with light pressure on bonding sur-
face. The samples were cured (LED, 1000 mw/Cm3) for 10
seconds, 5 seconds on mesial and 5 seconds on distal sur-
face. The composite resin was added to the backing of the
brackets and 300gr of force was applied on the tooth sur-
face to gain an equal thickness of composite for all sam-
ples. The samples were cured for 10 seconds (5 seconds
from mesial and 5 seconds from distal).

In group 2 and 3, 10 teeth were prepared using phos-
phoric acid 37% for 5 or15 seconds respectively. Then sam-
ples were washed by air/water syringe for 15 seconds and
dried using air syringe. All the remaining steps were done
similar to other group.

In group 4 and 5, teeth were etched by phosphoric acid
15% for 5 or 15 seconds respectively and the remaining steps
were similar to other groups.

Different concentrations of phosphoric acid etchant
gel (15 and 37%wt) were prepared using 85% orthophospho-
ric acid (Merk, Germany) and ethyl cellulose as thickening
agent.

All samples in the five groups were put under 300 ther-
mocycling aging regime between 5°C and 55°C and du-
ration of 20 seconds. The samples were tested for shear
bond strength (SBS) by Roell-7060 universal testing ma-
chine (Zwick/Roell, Germany). The obtained value (N) was
divided by the bracket surface area (mm2) to calculate the
SBS in mega Pascals (MPa). After debonding remaining
resin on the buccal surface of enamel was evaluated under
a stereomicroscope (Nikon, SMZ800, Japan) at 10X magni-
fication to score the amount of remaining adhesive using
the ARI. Remaining resin on the tooth surface was graded
according to the following: (0)- no residual resin remain-
ing on enamel (1) -less than 50% of surface is covered by
resin (2) - more than 50% of surface is covered by resin (3)
-The entire surface is covered by resin.

Results were analyzed using two-way ANOVA followed
by Dunnet multiple comparision. The Kruskal-Wallis test
was also applied to analyze the ARI results.

4. Results

Descriptive results showed mean and SD plus maxi-
mum and minimum of SBS of groups after etching with
15 and 37% phosphoric acid in 5 and 15 seconds. The high-
est mean SBS belonged to the 15% phosphoric acid etching
in 15 seconds group while the lowest value was seen in 37%
phosphoric acid etching in 5 seconds group (Table 1).

Two-way ANOVA showed that the effect of etching time
on shear bond strength was not significant (P = 0.31)
but the effect of phosphoric acid concentration in bond
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Table 1. Shear Bond Strength of Metallic Brackets to Tooth Surface in Different Protocols of Etching With Phosphoric Acid

Group Etching Time, s Mean± SD Min Max

Control - 7.71 ± 2.37 3.74 12.19

15% phosphoric acid 5 7.05 ± 1.73 3.2 9.37

15% phosphoric acid 15 7.88 ± 1.83 5.33 10.51

37% phosphoric acid 5 3.77 ± 1.09 2.69 5.62

37% phosphoric acid 15 3.95 ± 1.51 2.76 7.78

strength have been significant (P < 0.001). In other words
more or less equal amounts of bond strength have been
seen in 5 and 15 seconds of etching time groups. By in-
creasing the concentration of acid from 15 to 37% the bond
strength values have been significantly reduced. The re-
sults of Dunnet multiple comparisons showed that there
was significant difference in shear bond strength between
control groups and etching protocols of 5 second (P <
0.0001) and 15 second (P < 0.0001) with application of
37% phosphoric acid. However; the difference in control
groups and etching protocols of 5 seconds (P = 0.81) and 15
seconds (P = 0.99) with application of 15 % phosphoric acid
was not significant.

In terms of ARI, Kruskal-Wallis test showed that in
application of 15% phosphoric acid, more than 50% of
the resin remained on tooth surface. In application of
37% phosphoric acid, all the resin remained on tooth sur-
face but the cases of bracket separation was the highest.
In control group bond failure often occurs at the tooth-
composite interface.

5. Discussion

Failure of resin bond due to excessive force is a major
drawback of fixed orthodontic appliances requiring com-
posite for bonding of brackets. Application of a composite
resin with optimal mechanical properties and sufficiently
high bond strength would be beneficial for this purpose.
Several laboratory tests are commonly used to evaluate
the bonding performance of adhesives, such as tensile and
shear bond strength tests. In the present study, shear bond
strength was tested which is a very popular method with
acceptable reproducibility. This method has high similar-
ity with clinical situations and it seems that mastication
forces probably insert higher force on brackets (27, 28). The
oral cavity cannot be simulated completely using labora-
tory and experimental methods due to its multifactorial
character. Some researchers have shown that after insert-
ing thermocycling, the strength of adhesive dental mate-
rials is negatively influenced (29, 30). In the present study,
all the samples were exposed to 300 thermocycles between

5°C and 55oc for 20 seconds in order to simulate the clini-
cal conditions.

In recent study, the degree of SBS on different groups
has been evaluated to be between 3.77 to 7.88 MPa. The high-
est mean SBS belonged to the 15% phosphoric acid etch-
ing in 15 seconds group, however the difference in control
groups and etching protocols of 5 seconds (P = 0.81) and
15 seconds (P = 0.99) with application of 15 % phosphoric
acid was not significant. The bond strength decreased as
the concentration of phosphoric acid increased and the
37% phosphoric acid showed the lowest SBS. So the concen-
tration of phosphoric acid in the latter group is not recom-
mended for use in clinical setting. The result of this study
showed that the etching time does not have great effects
on shear bond strength of brackets to tooth surface but the
concentration of phosphoric acid has significant effects in
this regard.

However; Mardaga and Shannon reported that gradual
increase in the amounts of the tensile bond strength was
by increasing the etching time with 37% phosphoric acid
for 15, 20, 30 and 60 seconds (31). In contrast with the find-
ings of the previous study, Beech and Jalaly showed that
the amounts of bond strength of orthodontic brackets to
etched enamel using 50% phosphoric acid for 5, 15 and 60
seconds did not show significant differences (32). Similar
results were reported in a study done by Barkmeier et al.
which suggested that the shear bond strength of one type
of composite resin to etched enamel surface with phospho-
ric acid for 15 and 60 seconds were the same (2). In another
study, it was also reported that tensile strength of compos-
ite resin to etched enamel surface with 10 to 60% phos-
phoric acid for 60 seconds did not show significant differ-
ence but the degree of bond strength had decreased signif-
icantly with increased acid concentrations above 60% (33).

Barkmeier et al. evaluated the effects of changes in acid
concentrations (5% and 37%) and time of etching (15 and
60 seconds) on the amounts of shear bond strength and it
was shown that no significant difference was present com-
paring different conditions (34). In other research done by
Ohsawa, the strength of sealants bond to etched enamel
surface with increasing concentrations of phosphoric acid
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was evaluated. They concluded that by increasing the acid
concentration, the degree of bond strength had increased
which is against the findings of this study (35).

The concentration of phosphoric acid, which is com-
monly used in clinical situations, is higher than 37%, which
is based on the results of Chow and Brown research in 1973.
They showed that higher than 27% concentrations of acid
can lead to monocalcium phosphate monohydrate pro-
duction but less concentrated solutions can produce de-
calcium phosphate dehydrate. The first substance is more
soluble and is readily removed from enamel surface after
washing. The increase in bond strength after using acid
etching on enamel surface is probably because of surface
roughness, which is considerable and as a result, resin
can easily flow on these types of surfaces (36). On the
other hand providing the optimum parameters for etch-
ing enamel before application of self-etch adhesive sys-
tem is due to presence of adequate hydroxyapatite to ob-
tain a chemical bond between this monomer and enamel.
Over solution of mineral structure because of etching can
produce weak interface in the area of resin infiltration in
etched enamel. The result of this study confirm that the
over solution of etching by increasing the concentration
of the phosphoric acid before application of self-etch ad-
hesive system decreased the amount of SBS.

Adhesive should have enough bond strength and resis-
tance against orthodontic and masticatory forces but its
removal should be easy after treatment and should cause
no damage to enamel. The amount of remaining adhe-
sive is evaluated by ARI index in different investigations.
The result of this study showed that in application of 15%
phosphoric acid, more than 50% of the resin remained on
tooth surface. In application of 37% phosphoric acid, all the
resin remained on tooth surface. According to the most re-
searches, in order to prevent break or crack on enamel sur-
face it is better that resin remnant be remained on tooth
surface after debonding.

5.1. Conclusions

According to these findings, in using etch adhesive of
Clearfil SE bond, containing 10-MDP, preparing enamel by
15% phosphoric acid in both 5 and 15 seconds time, had
created strong enough bond between brackets and tooth
surface. However when applying 37% phosphoric acid not
enough bond strength was obtained between brackets and
tooth surface.
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