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Effect of Acidulated Phosphate Fluoride and
Casein Phosphopeptide–Amorphous Calcium

Phosphate Application on Shear Bond Strength
of Orthodontic Brackets
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ABSTRACT
Objective: To evaluate the effect of a recently introduced prophylactic agent, casein phospho-
peptide–amorphous calcium phosphate (CPP-ACP), on shear bond strength of brackets and com-
pare it with the effect of acidulated phosphate fluoride (APF).
Materials and Methods: Forty-eight freshly extracted mandibular bovine incisors were used.
Teeth were randomly divided into four groups (n � 12) as follows: group 1 served as control, and
no pretreatment was performed on the enamel; group 2, enamel was treated with 1.23% APF
and CPP-ACP, respectively; group 3, enamel was treated with CPP-ACP; and group 4, enamel
was treated with 1.23% APF for 4 minutes. In all groups, brackets were bonded using a conven-
tional acid-etch and bond system (Transbond XT, 3M Unitek, Monrovia, Calif). Bonded specimens
were first stored in deionized water at 37�C for 24 hours, subjected to thermal cycling for 1000
cycles, and further stored in distilled water for 6 weeks before debonding procedures. After de-
bonding, teeth and brackets were examined under a stereomicroscope at 10� magnification for
any adhesive remaining, in accordance with the modified adhesive remnant index.
Results: The shear bond strengths of all experimental groups were significantly higher than that
of the control group (P � .01). There was no significant difference between the shear bond
strengths of the experimental groups (P � .05).
Conclusion: The use of CPP-ACP either alone or combined with APF could be considered as
an alternative prophylactic application in orthodontic practice since it did not compromise bracket
bond strength.
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INTRODUCTION

White spot decalcification and caries formation un-
der and around orthodontic bands or brackets are
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problems of great concern in orthodontics.1 Although
caries and enamel decalcification can be greatly re-
duced by maintaining good oral hygiene and using a
fluoride-containing dentifrice, use of prophylactic
agents are also recommended. Reports suggest that
topical fluoride application may reduce or eliminate de-
calcification during fixed orthodontic treatment.2 Sev-
eral methods of topical fluoride application in ortho-
dontic practice are (1) before etching,3,4 (2) during
etching,5,6 or (3) after etching (before bracket bonding)
the enamel.7,8

The mechanism by which fluoride reduces decalci-
fication and caries has also been shown to increase
the resistance of enamel to acids.9 The fluoride de-
posits in hydroxyapatite form fluorapatite, which is
claimed to affect the bond strength and/or debonded
interface.10 Some studies11,12 have reported that topical
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application of fluoride can interfere with the bonding
mechanism, resulting in reduced bond strength of den-
tal resins. In contrary, other studies13–15 demonstrated
that the topical application of the fluoride did not ad-
versely affect either the etch pattern on the enamel or
the bond strength of composite resin.

Recently, a milk protein derivative, casein phospho-
peptide–amorphous calcium phosphate (CPP-ACP)
complex, has been introduced for caries prevention
and enamel remineralization.16 The proposed mecha-
nism of action of CPP-ACP is related to its localization
at the tooth surface, where it buffers free calcium and
phosphate ion activities, maintaining a state of super-
saturation with respect to tooth enamel, thereby pre-
venting demineralization and facilitating remineraliza-
tion.16 Some recommended professional applications
for CPP-ACP complex are white spot prevention/re-
moval in orthodontics, immediately following surgery
bleaching, following professional tooth cleaning, after
application of topical fluoride, and to provide a topical
coating for patients suffering from erosion, caries, and
conditions arising from xerostomia.17

Despite recommendations for its utilization in ortho-
dontics, there are no available data reporting the ef-
fects of CPP-ACP on bracket bonding. The aim of this
study, therefore, is to evaluate and compare the ef-
fects of topical application of CPP-ACP, acidulated
phosphate fluoride (APF), and both on shear bond
strength of brackets. The null hypothesis is that the
shear bond strength of orthodontic brackets is not af-
fected by tested enamel pretreatment methods.

MATERIALS AND METHODS

Forty-eight extracted bovine permanent mandibular
incisors were collected from a local slaughterhouse.
Immediately after harvesting, the teeth were cleaned
of debris and soft tissue remnants and then polished
with nonfluoridated pumice and rubber prophylactic
cups at low speed for 10 seconds. Tooth selection cri-
teria included absence of any visible irregularity or
crack of the enamel surface under 4� magnification
and the availability of a macroscopically smooth, flat
labial surface suitable for bonding. The teeth were ran-
domly assigned to one of four groups:

Group 1: Served as control, and no pretreatment was
performed on enamel.

Group 2: Enamel was treated with 1.23% APF (Sultan,
Topex, NJ) for 4 minutes and CPP-ACP (Recal-
dent Tooth Mousse; GC Europe, Leuven, Bel-
gium) for 3 minutes, respectively.

Group 3: Enamel was treated with CPP-ACP for 3 min-
utes.

Group 4: Enamel was treated with 1.23% APF for 4
minutes.

Orthodontic metal brackets (Microarch Standard;
GAC International, Bohemia, NY) with a base area of
approximately 11.26 mm2 were used to bond all teeth.

During and after specimen preparation, the teeth
were stored in distilled water at room temperature. To
exclude possible differences in bond strength caused
by the orthodontic adhesive used, all brackets were
bonded with the same material (Transbond XT; 3M
Unitek, Monrovia, Calif). Before bonding, each bracket
was subjected to a 300-g compressive force for 10
seconds, as described previously by Bishara et al.18

The excess resin was removed with a small scaler
before photopolymerization. A halogen light–curing unit
(Hilux; Benlioglu, İstanbul, Turkey) was used for curing
the resin, 20 seconds from both the mesial and distal
sides. The adequacy of the unit’s irradiance was con-
firmed with a radiometer before photopolymerization.

Specimens were stored in deionized water at 37�C
for 24 hours, and then thermal cycling in deionized
water was performed at 5�C � 2�C to 55�C � 2�C for
1000 cycles. The total period of exposure to both 5�C
� 2�C and 55�C � 2�C was 10 seconds, with a dwell
time of 5 seconds in each bath. The teeth were then
kept in distilled water at 37�C for 6 weeks before test-
ing procedures. The water was changed every week.
After thermal agitation and water storage, the roots
were removed with a low-speed diamond saw under
coolant water, and the crowns were embedded in
acrylic placed in phenolic rings, with a mounting jig
used to align the labial surface of each tooth so that it
was perpendicular to the bottom of the mold. Samples
were then mounted in the jig attached to the universal
testing device (model 4204; Instron, Canton, Mass).
For shear testing, the specimens were secured in the
lower jaw of the machine so that the bracket base of
the sample paralleled the direction of the shear force.
The specimens were stressed in an occlusogingival
direction with a cross-head speed of 1 mm/min, as in
previous studies.19,20 The force required to dislodge the
bracket was recorded in newtons and converted to
megapascals with the following equation: shear force
(MPa) � debonding force (N)/[w � l ] (mm2), where w
� width of the bracket base, l � height of the bracket
base, and 1 MPa � 1 N/mm2.

After debonding, the teeth and the brackets were
examined under a stereomicroscope at 10� magnifi-
cation for any adhesive remaining, in accordance with
the modified adhesive remnant index (ARI).21 ARI
scores range from 5 to 1, in which 5 � no adherence
of composite on enamel, 4 � less than 10% of com-
posite remaining on the enamel, 3 � more than 10%
but less than 90% of composite remaining on the
enamel, 2 � more than 90% of composite remaining
on the enamel, and 1 � all composite remaining on
the enamel, with the impression of the bracket base.
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Table 1. Descriptive Statistics in Megapascals and Results of Krus-
kal-Wallis Test Comparing Shear Bond Strength of Four Groupsa

Group

1 (control) 12 5.37 � 0.71 5.27 a
2 F�CPP-ACP 12 6.43 � 0.55 6.57 b
3 CPP-ACP 12 5.98 � 0.69 5.72 b
4 APF 12 6.46 � 0.62 6.33 b

a Identical lettering in the last column indicates values that are not
significantly different at P � .05.

Table 3. Frequency Distribution of Adhesive Remnant Index (ARI)
Scores of the Groups

Group

ARI Score

1 2 3 4 5

1 — — 2 2 8
2 — — 4 1 7
3 — 1 3 1 7
4 — 1 3 1 7

Table 2. Intergroup Comparisons and Significance Value (P )

Intergroup Comparison P

Group 1–2 .000
Group 1–3 .037
Group 1–4 .000
Group 2–3 .084
Group 2–4 .932
Group 3–4 .070

The Kruskal-Wallis test at P � .05 was used to de-
termine whether significant differences existed be-
tween the shear bond strengths of the groups.22 The
	2 (P � .05) test was used to determine significant
differences in the ARI scores among the different
groups.

RESULTS

The descriptive statistics for the shear bond
strengths of the four groups are presented in Table 1.
There was a significant difference among the shear
bond values of the test groups and the control group
(P � .002). The bond strengths of the test groups were
significantly greater than those of the control group (P
� .05). There was no statistically significant difference
among the groups pretreated with the APF application,
CPP-ACP application, or combined application of
these agents. All the groups showed a higher per-
centage of ARI scores of 5, Table 2. The ARI scores
for the four groups are listed in Table 3. The 	2 test
results indicated no significant differences among the
groups regarding mode of debonding. Enamel detach-
ment was not found in either group. The most frequent
debonding occurred in the bracket-resin interface
(66% for the control group and 58% for the test group).

DISCUSSION

The question regarding the most appropriate caries
prophylactic method in orthodontic practice still merits
further research. A recent systematic review reports
that the use of topical fluorides in addition to fluoride
toothpaste appears to reduce the incidence of decal-
cification in patients undergoing orthodontic treatment
with fixed appliances.23

Gwinnett et al found that topically applied fluorides
could significantly reduce bond strength by disrupting
the formation of enamel tags.24,25 These authors have
demonstrated the formation of a globular reaction
product (possibly CaF) on the etched surface and
have recommended thorough rinsing of the enamel af-
ter topical fluoride application. In the present study,
although every effort was made to remove all the
agents from the enamel surface, this was not a great
concern since prophylactic agents were applied prior
to acid etching of the enamel.

Hirce et al7 found that etching enamel for 4 minutes
with 50% phosphoric acid containing 2% sodium fluoride
significantly weakened the bond strength compared to
etching teeth with 50% phosphoric acid alone for 1 min-
ute. The difference in application time is a confounding
variable that limits any conclusions about the effect of
fluoride on bonding. The decrease in bond strength
might be attributed to overetching the enamel and oblit-
erating all enamel tags. Other factors such as variation
in the fluoride concentrations used, improvements in the
properties of the bonding agents, and/or the bracket re-
tention mechanism could also affect the results.

Contrary to the findings of Hirce et al,7 Garcia-Go-
doy et al11 reported that acid-etching enamel with 60%
phosphoric acid containing 0.5% sodium fluoride pro-
duced statistically higher shear bond strengths com-
pared with enamel etched with 38% phosphoric acid
alone. More recently, Garcia-Godoy26 found no differ-
ence in shear bond strength between teeth that were
pretreated with APF and teeth that did not receive APF
pretreatment.

When the effect of APF pretreatment is considered,
the findings of the present study are in accordance
with the previous findings of Garcia-Godoy et al.11 Al-
though there was no significant difference among test
groups, the fluoride-pretreated enamel demonstrated
the higher bond strength that is followed by fluoride �
CPP-ACP in the pretreated group. The enhanced
bond strength presented herein might be attributed to
differences in the study design. Previously reported
data were obtained by using extracted human pre-
molars as substrate. Intact human premolars vary in
the curvature of their labial surface and represent a
complex three-dimensional convex configuration for
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bonding with conventional testing methods. Thus, in
the present study, bovine teeth were used because
bovine enamel has been reported to be a reliable sub-
stitute for human enamel in bonding studies, with no
statistically significant difference in enamel-bonding
value.27,28 However, some minor differences among
the human enamel and bovine enamel have been re-
ported.

Because bovine enamel and dentin develop more
rapidly during tooth formation, bovine enamel has larg-
er crystal grains and more lattice defects than human
enamel does.29 This may contribute to a reported lower
critical surface tension in bovine enamel than in hu-
man enamel.30 These differences might have contrib-
uted to the results of the present study.

Reynolds31 suggested that a minimum bond strength
of 6 to 8 MPa was adequate for most clinical ortho-
dontic needs. These bond strengths are considered
able to withstand masticatory and orthodontic forces.
In this experiment, all bond strength values achieved
were much above this minimal requirement. The re-
sults of this study indicated that shear bond strength
is favorably affected when the enamel surfaces have
been treated with 1.23% APF, CPP-ACP, or their com-
bination.

This study provides preliminary data on the effect of
the CPP-ACP on the shear bond strength of brackets.
However, one should consider the limitations of in vitro
tests when interpreting the results.

CONCLUSIONS

• APF application, CPP-ACP application, and a com-
bined application of these agents may safely be
used for caries prophylaxis before bracket bonding
when a three-step bonding procedure is used. Fur-
ther research is indicated to test the effect of these
prophylactic applications when self-etch adhesive
systems are used.

• The effects of three tested applications on shear
bond strength were not significantly different. This
finding necessitates conduction of further studies to
compare the effectiveness of these methods to
choose the best caries prevention method for clinical
use in orthodontics.
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