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INTRODUCTION

ABSTRACT

Background: The aim of this study was to evaluate the effect of adding acidulated phosphate
fluoride (APF) to phosphoric acid etchant on shear bond strength (SBS) and adhesive remnant
index (ARI) of orthodontic brackets bonded to etched teeth.

Methods: In this in vitro experimental study,40 human premolars were etched with 37% phosphoric
acid solution (Dentsply) blended with 0,25%, 50%, and 75% fractions of 1.23% APF (Dentsply).The
brackets (Mini Dyna Lock, 3M) were bonded (Transbond XT, 3M) and were subjected to 96 hours
of 37°C incubation and thermocycling procedures (2000 cycles, 5-55°C, dwell time = 30 s).Then,
they were debonded at |-mm crosshead speed to measure the SBS.The ARI was estimated at 10%
magnification. The data were analyzed using the tests one-way analysis of variance (ANOVA), Tukey,
chi-square, one-sample t-test, and Spearman correlation.

Results: The SBS of the groups control, 25%, 50%, and 75% APF were 11.90+2.72, 8.01+3.13,
5.40+2.51, and 3.27+2.01 MPa, respectively. Mean ARI scores of these groups were 2.4 (control),
4.3,4.7,and 4.8, respectively. According to the Tukey’s test, only the mean SBS of the second group
(25%) was not different from the control group (P=0.091).

Conclusion: Adding about 20-25% of 1.23% APF to the phosphoric acid etchant might considerably
reduce the amount of residual adhesive, without compromising the SBS.

Key Words: Acidulated phosphate fluoride, dental materials, orthodontics, phosphoric acid,
topical fluorides

permanent demineralization of enamel surface.!!)
Also, it might predispose the tooth to formation

Enamel etching is an essential step in bracket
bonding protocols. By selectively demineralizing
hydroxyapatite crystals of enamel rods, it exposes
micropores on the enamel, leaving a much broader
area to allow the adhesive material to interlock.
Thus, the bracket might resist the masticatory
forces. However, the etchant might trim down 5-10
um of the enamel surface, which can result in a
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of caries or decalcifications beneath or adjacent to
the bracket.**) Another damage to enamel during
orthodontic  treatments occurs during bonding
and debonding procedures. About 40-50 pm
of the enamel surface might be scratched while
performing these procedures.[*¢) Albeit the enamel
might remineralize its fluoride-rich layer,”” such an
extent is not always reversible by remineralization
procedures.” In addition, the enamel surface might
undergo some other types of damage (e.g. fractures)
during debonding or adhesive removal steps, which
might correlate with the efficacy of the etchant.!'*]

Fluoride is a highly beneficial, yet easily available,
dental material. [t might reduce the solubility of enamel
crystals by changing their formulation. Therefore, it
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might be used to protect the enamel from many types
of damages such as caries or decalcifications.?*! The
acidic dental materials such as etchants used in bracket
bonding in orthodontic treatments might increase the
caries rate.[!! Therefore, fluoride might be utilized to
reduce this iatrogenic damage, when applied prior
to, while, or after etching, by directly affecting the
enamel structure or interfering with microorganisms’
metabolism, reducing the level of acidic metabolites.
[l Tts addition to the etchant solution is suggested as
a method to directly and indirectly reduce the adverse
effects of etching.! However, a fluoride-incorporated
etchant might lack in efficacy, negatively affecting
the shear bond strength (SBS) of bonded brackets
and leading to bracket failure during the treatment,
although controversy exists over this."'™!7) In this
regard, Kim et al,'"! and Takahashi et al,l''! concluded
that optimum levels of incorporated fluoride might be
quite beneficial without reducing the bond strength,
while excessive fluoride concentrations deteriorate
the bond strength. Thornton et al,'* also stated that
the incorporation of fluoride to phosphoric acid
did not impede the etching effect on enamel. Their
results were in line with those of Kawabata et al,"]
who showed an insignificant difference between
the SBS values of brackets, and a greater amount
of remnant adhesive on enamel which could reduce
fracture possibility. Zhang et al!'® concluded that
2% NaF added to 35% phosphoric acid had both
the best bond strength and the best preventive effect
against enamel caries. Nevertheless, Garcia-Godoy
et al,"® reported a significant difference between the
SBS values of brackets bonded to etched surfaces
using fluoridated and non-fluoridated etchants.
Meng et al®! and Kimura et al® failed to find
any statistically significant differences between the
extents of remaining adhesive, which implied that
the fluoridation of etchant solution would not reduce
enamel damage.

A slight reduction in the SBS might reduce the remnant
adhesives, probably lowering the damages caused
by debonding procedures.!'! Therefore, orthodontists
might use this effect to reduce enamel damages caused
by debonding procedures as well as to partly protect
the teeth from decalcification. Fluoride is available as
different forms and controversy exists over its results.
(1 Although the literature comprises the mentioned
studies on this subject,!'!” to our knowledge only one
study has assessed the effect of fluoride as acidulated
phosphate fluoride (APF) form.!" This study evaluated

the effect of adding different amounts of 1.23% APF
to 37% phosphoric acid etchant on its efficacy in
producing appropriate in vitro shear bond strengths
(6-8 MPa),"® which might imply a successful in vivo
experience.l! Furthermore, the adhesive remnant index
(ARI) which can relate to the extent of enamel damage
was assessed.*!”]

MATERIALS AND METHODS

In this experimental in vitro study, 40 intact, recently
extracted human first premolars were acquired
from 10 orthodontic patients. The exclusion criteria
were the presence of hypocalcification, hypoplasia,
enamel fractures, and any history of bleaching.
After disinfection with 0.1% thymol and collecting
the sample in less than 6 months, the sample was
randomly grouped in a way that each group included a
tooth from each patient, and the number of maxillary
and mandibular premolars was equal in each group.[**

Bonding with non-fluoridated and fluoridated
etchants

A 37+0.5% phosphoric acid etchant (Dentsply,
York, PA, USA), and a 1.23+0.1% APF composed
of sodium fluoride and hydrofluoric acid (Dentsply)
were blended in various proportions, 2 weeks prior
to the experiment. The groups (n=10) comprised the
following: group 1: only phosphoric acid solution
(PA); group 2: 75% PA and 25% APF; group 3: 50%
PA and 50% APF; and group 4: 25% PA and 75%
APF.

After pumice prophylaxis and rinsing, the teeth in
each group were etched with one of the etchant types
for 30 s and were rinsed (30 s) and dried (15 s).
The brackets (Mini Dyna Lock standard size 0.018,
3M Unitek, Monrovia, CA, USA) were bonded with
a thin layer of adhesive primer (Transbond XT, 3M
Unitek) and the bonding composites were respectively
smeared on the etched enamel and the brackets’ bases.
Then, with the use of a bracket-positioning gauge,
they were bonded to the middle of buccal surface,
4 mm away from the cusp. In order to standardize
the adhesive thickness, the bracket was pressed
against the tooth using a force gauge (1303 16 oz,
ETM, Monrovia, CA, USA) with 300-g compressive
force.*3] After removing the excess materials, a
calibrated halogen light curing unit (Arialux Blue
Point, Apadanatak, Tehran, Iran) was used to light
cure the brackets for 40 s (10 s per mesial, distal,
occlusal, and apical sides).
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Aging
The specimens were stored in an incubator at 37°C
for 96 hours. This was followed by thermocycling

(2000 cycles, 5-55°C, dwell time = 30 s).

SBS

The specimens were mounted in self-cure acrylic
resin cylinders (diameter = 3 cm, height = 20
mm). As a standardizing template, an archwire
(0.018x%0.025 mm) was bent in a stepped shape with
one middle upper and two lower steps (all on the
horizontal plane) adjoining with 25-mm vertical
segments [Figure 1]. The middle upper step was
completely fitted in the bracket slot, and using the
two lower steps, the buccal surface and the bracket
slot were positioned vertically and horizontally,
respectively [Figure 1].452 To measure the SBS,
the specimens were debonded with a calibrated test
machine including a wedge-shaped blade (Universal
Testing Machine 1195, Instron, Canton, MA, USA).
The edge (but not the slope) of the blade exerted
the occlusogingival shear force to the occlusal sides
of the bracket wings at 1 mm/min crosshead speed.
To calculate the SBS, the breakage force magnitude
was divided by the size of the bonding area (10
mm?).5

ARI

After debonding the specimens, the ARI was evaluated
using a stereomicroscope (E200, Nikon, Japan) under
10x magnification. This index included five grades:
(1) all the adhesive remained on the enamel; (2) more
than 90% of adhesive remained; (3) between 10%
and 90% of the adhesive remained; (4) less than 10%
remained; and (5) indicated the absence of residual
adhesive on enamel.['4!¥

Statistical analysis

Data were analyzed using the tests one-way analysis
of variance (ANOVA), Tukey, chi-square, one-sample
t-test, and Spearman correlation coefficient. The SBS
values <6 MPa were considered bond failure.!'¥ The
level of significance was predetermined at 0.05.

RESULTS

Three out of 13 participants were excluded due to
having some teeth within the exclusion criteria.
Participants’ mean age was 16.1£5.8 years (min=12,
max=25 years); of them, 40% were males. Until
collecting the sample, none of the teeth were stored in
distilled water for more than 6 months.

A considerable proportion of the sample underwent
bond failure (SBS<6) [Table 1]. According to the
chi-square test, this was significant (P<0.001). All
the control specimens had SBS values >6 MPa. The
numbers of the specimens with SBS values >6 MPa
were 7, 4, and 1 in groups 2, 3 and 4, respectively.
The one-way ANOVA with >0.8 power showed a
significant difference (P<0.001) between the groups.
The Tukey post hoc test failed to detect a significant
difference in the SBS values between the groups 1
(control) and 2, or groups 3 and 4 [Table 2]; however,
groups 3 and 4 were significantly different from the
control group (P<0.001).

The Spearman correlation coefficient showed a
significant negative correlation between the APF
concentration and the SBS (Rho=—-0.786, P<0.01).

Table 1: Descriptive statistics of SBS

APF Mean+SD 95% CI CV (%) P, P, P,
(MPa) Lower Upper

0(%) 11.90+2.72 995 1385 229 0.000 0.001 0.055

25 (%) 8.01£3.13 5.77 10.25 39.0 0.073 0.99 0.075

50 (%) 5.40+2.51 3.60 7.20 56.5 0.469 0.009 0.000

75 (%) 3.27+2.01 1.83 4.71 61.5 0.003 0.000 0.000

P,, P,, and P, indicate the P values calculated (using the t-test) by comparing
the groups’ means with the SBS values 6, 8, and 10 MPa, respectively

Table 2: Results of the Tukey test

Variable 1 Variable J Mean I — J (MPa) P

Control 25 (%) 3.89 0.091

50 (%) 6.50 0.000

R : 75 (%) 8.63 0.000

R T .,_-;._- 25 (%) 50 (%) 2.61 0.284

Figure 1: Mounting the specimen with the bracket slot standing 75 (%) 4.74 0.137

horizontally. The bracket is color coded with o-rings 50 (%) 75 (%) 2.13 0.328
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The one-sample #-test showed that only the group 2
(25% APF) had SBS values similar to the values 6
and 8 MPa. The mean SBS of the group 1 (control)
was significantly greater than 6 and 8 MPa and the
values of groups 3 and 4 were significantly lower
[Table 1, Figure 2].

The ARI was significantly different (P<0.001)
between the four groups, on analyzing with chi-square
test [Table 3]. Nonparametric correlation coefficient
test revealed a significant negative correlation
between the APF concentration and the amount of
remnant adhesive (Rho=—0.709, P<0.01).

DISCUSSION

In the present study, the proportion of additional
fluoride correlated significantly and negatively with
the bond strength. According to the coefficients of
variation, the most and the least reliable mean bond
strengths belonged to the control group and group 4,
respectively. Topical application of fluoride on the
enamel surface (which includes its incorporation to
the etchant solution)!™” might compromise the SBS
because of (1) reducing the proportion of the active
etchant agent, (2) the emergence of fluorapatite and

Table 3: Distribution of ARI scores across the sample

APF (%) ARI distribution (%) Mean
5 4 3 2 1

0 - 10 30 50 10 2.4

25 50 30 20 - - 4.3

50 70 30 - - - 4.7

75 80 20 - - - 4.8

Score 5 indicates the absence of residual adhesive on the enamel. ARI:
Adhesive remnant index, APF: Acidulated Phosphate Fluoride

16
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44
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Figure 2: The mean SBS (and 95% Cl) of the groups (MPA)

calcium fluoride crystals which might increase its
resistance to acid, (3) waning the enamel’s surface
energy, (4) increasing the maturation rate of enamel,
and (5) the alkaline nature of fluoride ions which
could reduce the etchant’s pH, compromising its
efficacy and reducing the etching depth.!'=!

The findings of this study concerning the SBS were
in harmony with certain other studies!!"'>!>1"1 and in
contrast to some others.’!3! The probable reason for
such controversies might be various etching durations
which in the study of Meng et al,’) might be
insufficient (15 s) to etch either control or experimental
specimens, while in the study of Garcia-Godoy
et al," it was extended (60 s) which might disrupt
enamel tags in the control group, diminishing the SBS
more in the control group than in the experimental
one. All the supporting studies reported that optimum
levels of fluoride which differed on a case by case
basis might be useful, while concentrations greater or
lesser might be ineffective.!"!121517 The failure of the
other studies in finding such an optimum level**'
might be caused by methodological differences, such
as the concentrations, etching times, fluoride solution
types, and the brands used.

Adding APF to the phosphoric acid etchant reduced
the amount of remnant adhesive. This was consistent
with Kim et al’s!"! study. In both studies, the resin
was mostly debonded from the enamel surface which
might be clinically favorable since it might reduce
the enamel damage following the debonding stage.
The incorporation of fluoride might neutralize the
etchant by chemical mechanisms or simply reducing
its concentration or both. Some studies®!”! failed
to observe such a significant difference in the ARI
scores. These differences might be attributed to the
use of different materials and other methodological
differences such as the presence of thermal cycling.

The 25% APF group showed appropriate results. This
fraction is considerably smaller than 50-66% APF
which was proposed by Kim et al!Vl In their study,
despite the presence of thermocycling, all the mean
SBS values were much higher than the values in this
study, allowing them to select a group with a higher
proportion of fluoride. This difference might relate to
material brands.”! The suggested optimum proportion
of APF in this study was more conservative. Moreover,
it should be taken into consideration that the score 4 of
ARI means less than 10% remaining adhesive which is
near to 0% residual adhesive represented by the score
5.1 Therefore, according to this study’s findings, the
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ARI did not differ considerably between groups 2, 3,
and 4 [Table 3], and adding higher amounts of APF
seems to be ineffective and unnecessary for further
reducing the ARI.

In such studies, there should be control groups in
which the etchant gel is thinned only by distilled
water in order to determine whether the effect of
fluoride is attributed to chemical mechanisms or
attenuation of the etchant or both. However, this was
absent in many other studies as well."'*51 Some
investigators have considered SBS range 6-10 MPa
as an in vitro requirement for a successful bond,!
while others have stated 6-8 MPa.*>!%!181 This study
focused on the consistent lower limit (6 MPa) while
comparing the SBS with both 8 and 10 MPa values.
The group 2 showed a favorable result compared to 6
and 8 MPa. Its result was only slightly lower than 10
MPa (P=0.075) which was acceptable. Considering
the trend of the SBS across the groups [Figure 3], it
seems that the proportion of APF might be slightly
reduced (e.g. about 20%) to produce a bond strength
significantly greater than 6 MPa, while still providing
appropriate ARI scores.

0 T T ]

0% APF 25% APF 50% APF 75% APF

“& Mean SBS =» Lower Cl

o

<10% remnant

Between 10% and 90% remnant

2+ T T 1

0%APF 25%APF 50%APF 75%APF

Figure 3: By increasing the APF:etchant ratio, the SBS and
the amount of remnant adhesive decreased. The vertical
band corresponds to a range of APF ratios that can result in
approximately at least 6-8 MPa SBS values

This study was limited by certain factors. We could
not certainly conclude whether this apparent effect of
fluoride on the SBS and the ARI might be replicated,
in part, only by reducing the concentration of
etchant using only distilled water. There should be
corresponding control groups in which the etchant gel
is attenuated only by water in percentages equal to
the experimental groups. However, this was absent in
the other studies as well.l"!*3] Further clinical studies
are required to evaluate these findings as there are
limitations over generalizability of ex vivo to clinical
results.[39]

CONCLUSION

About 20-25% of 1.23% APF might be added to 37%
phosphoric acid etchant to considerably reduce the
residual adhesive, while maintaining appropriate SBS
levels.
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