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Timing considerations on the shear bond strength of
orthodontic brackets after topical fluoride varnish

applications

Gianguido Cossellu, Valentina Lanteri, Andrea Butera', Nicola Laffi’, Alberto Merlini’ and Giampietro Farronato

ABSTRACT

Objectives: To assess the best temporal association between the application of a fluoride varnish
on enamel and bonding procedures.

Materials and Methods: Eighty mandibular bovine incisors were used. Teeth were divided into
4 groups (20 per group); Groups 1-3 were treated with fluoride varnish (Fluor Protector, Ivoclar
Vivadent, Schaan, Liechtenstein), and Group 4 served as control with no pretreatment. Tooth were
stored in deionized water (37°C) and subjected to thermal cycling for 400 (Group 1), 800 (Group 2),
and 2500 (Group 3) cycles corresponding, respectively, to 15, 30, and 90 days in order to simulate
the three different timing of bracket bonding. Shear bond strength (SBS) was measured using an
Instron Universal Testing machine. Tooth surfaces were examined under a stereomicroscope at
10x magnification to assess the amount of adhesive remnant index (ARI). One-way analysis of
variance (ANOVA) and Tukey’s honestly significant difference post-hoc test were used for the
comparison of SBS values between groups (P < 0.05). The Chi-square test was used to examine
differences among ARI scores. (P < 0.05).

Results: One-way ANOVA and Tukey post-hoc test showed that the SBS of different groups were
significantly different and was impacted by different timing of bonding (P < 0.05). The main differences
were between the control group (17.02 + 6.38 MPa) and Group 1 (6.93 + 4.3 MPa). The ARI scores
showed that there were no significant differences between the four tested groups.

Conclusions: The SBS of the brackets bonded 15 days after the application of the fluoride was
set back to an optimal value.
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Early tooth decay around the brackets can cause white or brown
marks [demineralized white lesions (DWLs)] to appear on teeth
during fixed orthodontic treatment. Build-up of dental plaque
around these brackets is associated with an increased risk of
rapid demineralization of the teeth enamel.?? A recent study
found that the prevalence of DWLs might be 74% in patients
who have undergone a fixed orthodontic treatment.® In another
study, it has been seen that, even five years after treatment,
orthodontic patients had a significantly higher incidence of
DW.Ls than a control group of participants who did not undergo
orthodontic treatment.!

Therefore, in clinical practice, various therapies have been
involved to reduce any kind of enamel lesions as much as
possible. One of the most known and used is the application of
topical fluorinated substances in different stages of orthodontic
treatment.’®® Sodium fluoride gels or varnishes at different
concentrations can be used safely and effectively to treat
demineralization of dental structures as well as to prevent
caries.5"2

Because of the aqueous oral cavity, the fluoride ions have
the ability to precipitate inside the enamel prisms in place of
calcium and phosphate, transforming the hydroxyapatite in
fluorhydroxyapatite, a more resistant phase to acid attack,
promoting the re-mineralization of the tooth surface, and inhibiting
the action of the bacterial enzymes that produce the acid.®?

However, tooth pretreatments with such agents act on the
enamel interfering with the bond strength of the brackets.
Different studies have already been conducted concerning
the use of fluoride and its possible action on the shear bond
strength of the brackets.['3'8

The purpose of this study, therefore, is to understand, starting
from the analysis of the detachment forces from the enamel
surface, the best temporal association between the application
of a fluoride varnish on enamel and bonding procedures in order
to avoid any negative influence of the fluoride treatment on the
bond strength of the brackets.

MATERIALS AND METHODS

Eighty freshly extracted mandibular bovine incisors, obtained
from the same farm in order to have the same level of fluoride
concerning their feeding, were used. Teeth were cleaned of
debris and then polished with nonfluoridate pumice and rubber
prophylactic cups at low speed for 15 s. Tooth selection criteria
included integrity of the buccal and lingual enamel surfaces
under visible light at 4x magnification, absence of traumatic
injuries, cavities, enamel erosions, and smooth and flat buccal
surface suitable for bonding. They were then stored in distilled
water for no more than 2 weeks (ISO/TR 11405).

Teeth were randomly divided into 4 groups (20 teeth each) by
using a random numbers table. Three groups (Groups 1-3)
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were treated with fluoride varnish (Fluor Protector, Ivoclar
Vivadent, Schaan, Liechtenstein) according to manufacturer’s
instructions, and one (Group 4) served as control with no
pretreatment.

All the teeth were stored in deionized water (37°C) and
subjected to thermal cycling for 400 (Group 1), 800 (Group 2),
and 2500 (Group 3) cycles corresponding, respectively, to 15,
30, and 90 days in order to simulate the three different timing
of bracket bonding after the application of the fluoride varnish.

Brackets (Edgewise Standard, 4.4 mm x 3.2 mm, Leone
S.p.A., Florence, ltaly) were all bonded using the same
standard technique; enamel surfaces were treated with 37%
phosphoric acid (Etching gel 3M, Unitek, Monrovia, CA) for 60
s, rinsed with a water spray for 20 s, and air dried. All brackets
were bonded with transbond XT (3M Unitek, Monrovia,
CA) and light-cured with the same LED lamp (Bluephase
Polywave, Ivoclar Vivadent, Schaan, Liechtenstein) for 40 s.
Excessive sealant and adhesive were removed from the
periphery of the bracket base to keep each bonding area
uniform. The exposure was performed from both the mesial
and distal sides for 20 s.

For shear bond strength (SBS) tests, each tooth was mounted
on self-cured acrylic resin blocks with a mounting jig used to
align its buccal surface so that it was perpendicular to the
bottom of the mold. Specimens were then mounted in the jig
and the SBS was measured with an Instron Universal Testing
machine (Model 3343, Instron Corp., Canton, MA). Continuous
shear force was applied at a crosshead speed of 1 mm per
minute until bracket failure. All the brackets were bonded by
a single operator.

The force required to detach the bracket was recorded in
Newtons (N) and converted to megapascals (MPa) using the
following formula: Bond strength (MPa) = debonding force (N)/
[w x 1] (mm?), where w = width of the bracket base, | = height of
the bracket base and, 1 MPa = 1 N/mm?Z. After the detachment,
each tooth surface was examined under a stereomicroscope at
10 x magnification to assess the amount of adhesive remnant
using adhesive remnant index (ARI).['®!

The ARI index was ranked from 0 to 3 as follows: 0 = no
adhesive on the enamel; 1 = less than 50% adhesive on the
enamel; 2 = more than 50% adhesive on the enamel; 3 = 100%
adhesive on the enamel.

Statistical Analysis

Description and inferential statistical analyses were performed
using MedCalc statistical software (MedCalc Software, Ostend,
Belgium).2%

Normal distribution of the data was verified with the

Kolmogorov—Smirnov test. The data were found to be normally
distributed, and there was homogeneity of variance among the
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groups. Thus, the statistical evaluation was performed using
parametric tests. One-way analysis of variance (ANOVA) and
Tukey'’s honestly significant difference post-hoc test were used
for the comparison of SBS values between groups (P < 0.05).
The Chi-square test was used to examine whether there were
differences among the groups in the ARI scores. P value was
considered statistically significant if P < 0.05.

RESULTS

Descriptive statistics, including the mean, standard
deviation (SD), and minimum and maximum values of the
SBS for each of the four groups are presented in Table 1.
One-way ANOVA and Tukey post-hoc test showed that the
SBS of different groups were significantly different and was
impacted by the different timing of bonding (P < 0.05). The main
differences were between the control group (17.02 £ 6.38 MPa)
and the Group 1 (6.93 £ 4.3 MPa).

There were no statistical differences between the Group 2
and Group 3. The residual adhesive on the enamel surfaces,
as indicated by the ARI scores, are presented in Table 2. The
results of the Chi-square comparisons showed that there were
no significant differences between the four groups tested. All
groups showed a higher percentage of ARI scores of 0 and 1,
which indicated that debonding distribution failures were mainly
at the adhesive—enamel interface.

DISCUSSION

Orthodontic patients are often at high risk of developing
dental lesions during orthodontic treatment, especially when
their compliance to oral hygiene instructions is poor. Enamel
demineralization is an undesirable but common complication
of orthodontic fixed appliance therapy. Controlling dental
plaque before and during fixed orthodontic treatment, without
compromising the SBS of brackets, has always been an area
of research in orthodontics.

Table 1: Mean, standard deviation (SD), and minimum and
maximum values of the shear bond strength for each of the
four groups

Mean SD Min Max
Group 1 6.93 4.43 2.93 17.61
Group 2 12.97 5.47 3.78 22.82
Group 3 13.95 4.02 7.18 19.95
Group 4 17.02 6.38 5.89 28.09

Table 2: The residual adhesive index (ARI) scores

ARI 0 1 2 3

Group 1 3 (15%) 9 (45%) 6 (30%) 2 (10%)
Group 2 1 (5%) 11 (55%) 2 (10%) 6 (30%)
Group 3 2 (10%) 12 (60%) 5 (25%) 1 (5%)
Group 4 3 (15%) 11 (55%) 6 (30%) 0 (0%)
TOT 9 (11%) 43 (54%) 19 (24%) 9 (11%)

People often wear braces for more than 1 year, and there is a
risk that tooth decay will damage the teeth, requiring restorations
and fillings. Fluoride is effective in reducing tooth decay in such
patients. Individuals receiving orthodontic treatment may be
prescribed various forms of fluoride treatment. Topically applied
sodium fluoride solution causes remineralization, mainly by
reducing apatite dissolution by forming less soluble fluorapatite.
The effects of fluoride on the prevention of tooth decay and
re-mineralization of decalcified enamel have been elaborately
described.?-24

However, in previous studies, the effect of fluoride application
on SBS has been reported with different and controversial
results. In general, fluoride pretreatment induces lower SBS
values resulting in reduced bond strength of the brackets;
topical application of fluoride interferes with the etching effect
of phosphoric acid on enamel surfaces, resulting in reduced
bond strength of orthodontic brackets.!'3-152528

In order to simulate the aging of the tooth after the fluoride
treatment, we used the thermocycling technique that is widely
used as an artificial aging methodology.?® A literature review
concluded that 10000 cycles corresponds approximately to
1 year of in-vivo functioning.?® In the current study, 400, 800,
and 2500 cycles were used in order to simulate the aging period
of 15, 30, and 90 days, respectively.

In our results, the SBS of orthodontic bracket was significantly
and highly decreased by the application of the fluoride varnish.
The minimal value recommended as adequate for orthodontic
purposes is 6 MPa.B'*2 Group 1 showed the lowest values
with a mean SBS of 6.93 MPa that could be considered a
satisfactory result even if it is really close to the minimum
value. However, in this group, many measurements were lower
than 6 MPa with the lowest value of 2.93 MPa, which is really
an undesirable clinical situation due to the high possibility of
detachment of the bracket.

However, fluorides are one of the most favored remineralizing
agent and their positive role in prophylaxis treatments should
not be limited due to the possible negative effect on the SBS.

That is why we tested the hypothesis of bonding brackets in
a delayed time expecting that the negative effect on the SBS
could be reduced after 15 or 30 days.

The results of the test groups, after 30 and 90 days of aging,
showed higher values of SBS, with a mean over 12 MPa
that could be considered a “safety” condition confirming the
hypothesis of the study. The ARI results indicated that more
than 85% samples were included between scores 0 and 1.
The most desired clinical condition is a low ARI score with
less composite remaining on the tooth surface in order to
reduce enamel damage during debonding procedures. The
worst score to be considered is an ARI of 3; in our tests,
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the samples included in this score were mainly from the
groups 1 and 2. None of the control group 4 were included in
the ARI 3. However, considering our results, we can confirm
that all the test groups showed a good ARI index, between
score 0 and 1, suggesting that the bond between bracket and
resin was stronger than that between the resin and enamel.

The use of bovine tooth is considered a limitation of this study,
owing to the difficulties in obtaining human teeth. However,
bovine enamel has already been used in several other studies
as a substitute model without statistically significant differences
in SBS comparing bovine and human enamel.1**3!

It is acknowledged that the in vitro bond strength testing is
not truly representative of the highly demanding intraoral
conditions and at best gives only an indication of the possible
clinical performance of the material tested. In spite of these
limitations, the results can still assist in suggesting the ideal
timing of bonding procedure after the use of fluoride varnishes.

Difference in the application time, variation in the fluoride
concentrations used, the properties of the bonding agents, and/
or bracket retention mechanism should always be considered
when comparing such results.

CONCLUSION

Based on the results of the present study, the following

conclusions can be drawn:

*  The use of fluoride varnish significantly lowered the SBS
values

* The SBS values of bracket bonded after 15 days from
the varnish application were just over the minimum value
recommended (6 MPa)

»  The results after 30 days returned to an optimal value

* The indication is to wait more than 15 days after the
application of the fluoride varnish in order to obtain an
optimal bond strength of the bracket to the enamel.
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