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Do fluoride and casein phosphopeptide–amorphous calcium phosphate

affect shear bond strength of orthodontic brackets bonded to a

demineralized enamel surface?

Tancan Uysala; Asli Baysalb; Banu Uysalc; Mustafa Aydınbelged; Talal Al-Qunaiane

ABSTRACT
Objective: To compare the effects of fluoride and casein phosphopeptide–amorphous calcium
phosphate (CPP-ACP) containing topical agents on shear bond strength (SBS) and fracture mode
of orthodontic brackets bonded to demineralized enamel.
Materials and Methods: Eighty freshly extracted human premolar teeth were randomly divided
into four equal groups. The first group was the control, and no pretreatment was performed on this
group. In the remaining three groups, demineralization process was performed and teeth were
stored in artificial saliva. In group II, bonding was performed after demineralization. Pretreatment
with fluoride and CPP-ACP gels was performed in groups III and IV, respectively. Brackets were
bonded using a conventional system. The SBS of these brackets was measured and recorded in
MPa. Adhesive remnant index (ARI) scores were determined after the brackets failed. Data were
analyzed with analysis of variance (ANOVA), Tukey, and G-tests at the P , .05 level.
Results: ANOVA comparison of four groups revealed statistically significant differences. No
significant differences were found between control and CPP-ACP–treated groups. However, lower
SBS values were recorded for group II (6.6 6 3.9 MPa) and group III (17.1 6 2.9 MPa). ARI scores
were significantly different among the four groups (P , .001). No enamel detachment was found in
the control group, and enamel detachment measured 75% for group II.
Conclusions: Fluoride and CPP-ACP gel applications showed higher debonding forces compared
to bonding in untreated demineralized samples. CPP-ACP pretreatment resulted in comparable
SBS values compared with the control group. (Angle Orthod. 2011;81:490–495.)
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INTRODUCTION

Orthodontic treatment complicates oral hygiene
maintenance and increases the risk of subsequent
enamel demineralization.1–4 Gorelick et al.3 reported
that half of the patients undergoing fixed orthodontic
treatment had nondevelopmental white spot lesions.
Fluoride and casein phosphopeptide–amorphous cal-
cium phosphate (CPP-ACP) applications, enamel
microabrasion, and bleaching have been suggested
as mechanisms with which to manage the white spot
lesions.5 Gorelick et al.3 also reported the existence of
white spot lesions in 24% of patients before orthodon-
tic therapy. Boersma et al.6 found white spot lesions in
11% of orthodontically untreated subjects. This finding
raised another concern, namely that orthodontic
treatment may be performed in individuals with existing
white spot lesions. In light of the contemporary
orthodontic literature, fluoride and CPP-ACP applica-
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tions have been accepted as a means by which to
remineralize previously demineralized enamel. Fluo-
ride ions in plaque immediately promote the reminer-
alization by formation of fluorapatite.7 In addition,
remineralization of previously demineralized enamel
can be achieved with fluoride application in cases in
which adequate amounts of calcium and phosphate
ions are available.8 Anticariogenic activity of CPP-ACP
has been demonstrated9–11 in laboratory, animal, and
human experiments. CPP-ACP also has been dem-
onstrated12 to increase the levels of calcium and
phosphate ions significantly in supragingival plaque
and to promote the remineralization of enamel
subsurface lesions in situ.

The effects of these agents on the shear bond
strength (SBS) of brackets have been investigated by
several authors.13–24 Controversial results were reported
in terms of fluoride’s effect on bracket bond strength.
Some authors13–16 reported decreases in SBS of
brackets, while others had no such findings.17–20 Keçik
et al.21 compared the effects of CPP-ACP and acidulated
phosphate fluoride on SBS values and found higher SBS
values for all test groups. Xiaojun et al.22 reported higher
SBS in the CPP-ACP–applied group when light-cure
adhesives were used. Moule et al.23 showed decreased
SBS values after the combined use of carbamide
peroxide and CPP-ACP applications. Tabrizi and
Cakirer24 reported decreased SBS values with the use
of fluoride. On the other hand, they also found that CPP-
ACP and the combination of this agent and fluoride did
not affect SBS values.

In all of these studies, CPP-ACP and fluoride were
used in order to prevent demineralization, so these
agents were applied to undemineralized enamel. Thus,
the aim of this study was to evaluate the effects of
CPP-ACP and fluoride on the SBS of orthodontic
brackets bonded to pretreated demineralized enamel.
The null hypothesis to be tested was that there is no
statistically significant difference in (1) SBS and (2)
fracture mode of brackets bonded to pretreated
demineralized enamel after application of fluoride and
CPP-ACP agents.

MATERIALS AND METHODS

A power analysis established by G*Power Ver
3.0.10 software (Franz Faul, Universität Kiel, Ger-
many), based on 1:1 ratio among groups, with a
sample size of 20 teeth would give more than 80%
power to detect significant differences with 0.35 effect
size and at the a 5 .05 significance level.

Eighty caries-free human maxillary premolar teeth
extracted with orthodontic indications were used (from
patients aged between 12 and 16 years). Teeth with
hypoplastic areas, cracks, or irregularities of the enamel

structure were excluded. The criteria for tooth selection
dictated that the tooth had undergone no pretreatment
with a chemical agent such as alcohol, formalin, or
hydrogen peroxide. Freshly extracted teeth were stored
in 0.1% thymol solution for no more than 1 month. Soft
tissue remnants and callus were removed with a scaler.
Each tooth was mounted vertically in a self-cure acrylic
block so that the crown was exposed. The buccal
enamel surface of the teeth were cleaned and polished
with nonfluoridated pumice and rubber prophylactic
cups, washed with water, and dried. The teeth were
randomly divided into four groups of 20 teeth each, as
described in the following sections.

Group I (Control)

No enamel pretreatment was performed in this group.
The buccal surface of each tooth was etched with 37%
ortho-phosphoric acid (3M Dental Products, St Paul,
Minn) for 15 seconds, rinsed with water for 15 seconds,
and dried with oil-free air for 10 seconds until a frosty-
white appearance was obtained. Transbond XT primer
(3M Unitek, Monrovia, Calif) was applied to the etched
surface as a thin uniform coat. Stainless-steel premolar
brackets (G&H Wire Company, Greenwood, Ind), with a
base surface area of 10 mm2 (according to the
manufacturer’s specifications), were bonded to the teeth
using the standard protocols according to the manufac-
turer’s instructions. Transbond XT composite (3M
Unitek) was applied to the base of the brackets, and
the brackets were positioned on the center of the buccal
surfaces, pressed firmly against the tooth. The excess
adhesive around the bracket was removed with a scaler,
and the adhesive was light cured from the mesial and
distal directions for 10 seconds each direction (total time
5 20 seconds). A light-emitting diode unit (Elipar
Freelight 2H, 3M-Espe, St Paul, Minn) was used for
curing the specimens.

The other three groups were the test groups, and the
enamel demineralization process was performed on
these groups for 3 weeks. In groups III and IV
remineralization agents (fluoride and CPP-ACP) were
applied to demineralized enamel sequentially before
brackets were bonded.

Group II

In this group, brackets were directly bonded to the
demineralized enamel. The same bracket bonding
procedure was used that was described for group I.

Group III

In this group, Fluoridin N5H (Fluoride gel; Voco-
GmbH, Cuxhaven, Germany) was applied to the
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demineralized enamel before bonding. The fluoride
agent was left undisturbed on the tooth surface for
5 minutes and was then rinsed with deionized water.
After 6 hours the topical agent was reapplied to the
tooth surface using the same method. This procedure
was repeated 10 times for remineralization. During
these cycles all teeth were stored in artificial saliva.
After this step, brackets were bonded using the
standard protocol.

Group IV

In this group, Tooth MousseH (CPP-ACP gel; GC-
Corp, Tokyo, Japan) was used instead of Fluoridin
N5H according to the same protocol as described for
group III.

Demineralization

The demineralization procedure was adopted from
that of Hu and Featherstone.25 With this procedure
sequential demineralization and remineralization were
performed in order to mimic the remineralizing stage of
the caries process. Each tooth was immersed in
demineralization solution (pH 4.3) for 6 hours at
37uC, then teeth were removed from the solution,
rinsed with deionized water, and immersed in remin-
eralization solution (pH 7.0) for 18 hours at 37uC. The
cycling procedure was repeated daily for 3 weeks.
Compositions of demineralization and remineralization
solutions are presented in Table 1.

At day 21, teeth were dried and evaluated for frosty-
white appearance of enamel. Presence of demineral-
ization of the teeth was confirmed by a portable
battery-powered laser fluorescence device (DIAGNO-
dent Pen; KaVo, Germany). Next, all teeth were
removed from the solutions. At this stage, the
allocation of teeth into groups II through IV after
demineralization was randomized. The DIAGNOdent
Pen scores of each group were determined and
recorded. Statistical comparison of these scores
showed no significant differences in demineralization
among these groups. After demineralization, teeth
were stored in artificial saliva (20 mmol/L NaHCO3;

3 mmol/L NaH2PO4; and 1 mmol/L CaCl2, neutral pH)
for 30 days.

Debonding Procedure

After completion of the procedures, the embedded
specimens were secured in a jig attached to the base
plate of an Instron Testing Machine (Instron Corp,
Norwood, Mass). A chisel-edge plunger was mounted
in the movable crosshead of the testing machine and
positioned so that the leading edge was aimed at the
enamel-adhesive interface. A crosshead speed of
0.5 mm/min was used, and the maximum load
necessary to debond the bracket was recorded. The
force required to remove the brackets was measured
in Newtons (N), and the SBS (1 MPa 5 1 N/mm2) was
then calculated by dividing the force values by the
bracket base area (10 mm2).

Fracture Analysis

Fracture analyses were performed using an optical
stereomicroscope (SZ 40; Olympus, Tokyo, Japan) at
203 magnification. The remnant adhesive on the
enamel surface was coded by one investigator who
was blinded to group allocations. Any adhesive
remaining after bracket removal was assessed with
the ARI.26,27 Failures were ranked from zero to three,
as follows: 0 5 no adhesive remaining on the enamel
surface; 1 5 less than 50% adhesive remaining on
tooth; 2 5 more than 50% adhesive remaining on
tooth; and 3 5 all adhesive remaining on tooth surface.

Statistical Methods

All statistical analyses were performed with the
Statistical Package for the Social Sciences software
package (SPSS for Windows 13.0, SPSS, Chicago, Ill)
and Applet ‘‘Frequency Matrix Applet,’’ Version 3.1.
The normality test of Shapiro-Wilks and the Levene’s
variance homogeneity test were applied to the data.
The data were found to be normally distributed, and
there was homogeneity of variance among the groups.
Thus, the statistical evaluation of SBS values among
test groups was performed using parametric tests.

Descriptive statistics, including the mean, standard
deviation, and minimum and maximum values, were
calculated for the four groups of teeth tested.
Comparisons of means of SBS values were made
with an analysis of variance (ANOVA). Post hoc
multiple comparisons were done with the Tukey
Honestly Significance Difference test. The G-test was
used to determine significant differences in the ARI
scores among the groups. The statistical significance
level was set at P , .05.

Table 1. Composition of Demineralization and Remineralization

Solutions

Demineralization solution

2.0 mmol/L calcium

2.0 mmol/L phosphates

75 mmol/L acetate

Remineralization solution

1.5 mmol/L calcium

0.9 mmol/L phosphates

20 mmol/L cacodylate buffer

150 mmol/L potassium chloride
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RESULTS

The descriptive statistics and statistical comparison
of the groups are presented in Table 2. The results of
the ANOVA indicated statistically significant differenc-
es among the four groups (P , .001). Thus, the first
part of the null hypothesis of this study was rejected.
The mean SBS of the control group (group I: 24.1 6

4.0 MPa) was greater than that of the test groups.
Group IV (22.0 6 3.6 MPa) showed the greatest mean
SBS value among test groups, and this difference was
found to be statistically significant (P 5 .000). The
fluoride-pretreated group (group III: 17.1 6 2.9 MPa)
showed higher SBS values when compared to group II
(6.6 6 3.9 MPa) (P 5 .000). The differences between
control and CPP-ACP–pretreated groups were not
statistically significant.

The G-test results indicated significant differences
among groups regarding the fracture mode (Table 3).
Therefore, the second part of the null hypothesis of this
study was also rejected. No enamel detachment was
found in the control group, and the control group
showed a higher percentage of ARI scores of 3.
Enamel detachment was 75% for group II.

DISCUSSION

Several investigators have evaluated the effects of
fluoride and CPP-ACP products21–24,28 on the SBS of
orthodontic brackets. But in all but one of the studies,28

these agents were used for prophylactic purposes; in

the study of Keles,28 CPP-ACP solutions were used
after the demineralization process. In the present study
we used fluoride and CPP-ACP for remineralization
and evaluated the bond strength of orthodontic
brackets with SBS testing and ARI scores.

In this study, the demineralization process was
adopted from that of Hu and Featherstone.25 The
authors advocated their pH cycling method as a well-
established laboratory cycling. The process included
both remineralization and demineralization stages,
similar to those that occur in the intraoral environment.
In this way, acid attacks were simulated with demin-
eralization solutions, and remineralization by saliva
was performed with remineralization solutions. Al-
though they performed 14 days of pH cycling, in our
study we used 21 days, as the frosty-white appear-
ance of enamel could be obtained after 21 days.

According to Arends and Christoffersen,29 artificial
caries lesions may not be identical to natural caries
lesions, but they are quite similar. They also suggested
that the advantage of artificial caries lesions studies
was the possibility of testing mechanisms and param-
eters.

A routine etching removes 3–10 mm of surface
enamel; another 25 mm reveals subtle histological
alterations creating the necessary mechanical inter-
locks. After removal of enamel by demineralization,
adhesive resin application led to evenly distributed
rows of tags.30 In this study, the SBSs of demineralized
specimens were lower than those of the other groups.

Table 2. Descriptive Statistics and Results of Analysis of Variance (ANOVA) Comparing Shear Bond Strengthsa

Groups n Pretreatment

Shear Bond Strength

Significance

Multiple Comparisons

Mean SD Minimum Maximum II III IV

I 20 No pretreatment

(control)

24.1 4.0 17.8 31.5 .000 *** *** NS

II 20 Demineralization +
artificial saliva

6.6 3.9 1.1 16.0 *** ***

III 20 Demineralization +
artificial saliva +
flouride paste

17.1 2.9 13.2 22.7 ***

IV 20 Demineralization +
artificial saliva +
CPP-ACP

22.0 3.6 17.4 29.8

a CCP-ACP indicates casein phosphopeptide–amorphous calcium phosphate; SD, standard deviation; NS, not significant.

* P , 0.05, **P , 0.01, ***P , 0.001. Significance was stated as P value smaller than at least 0.005.

Table 3. Frequency Distrubution of Adhesive Remnant Index (ARI) Scores of the Groupsa

Groups

ARI Scores (%)
Significance

(P Value), G-Test0 1 2 3

I 0 (0) 7 (35) 4 (20) 9 (45) .000

II 15 (75) 5 (25) 0 (0) 0 (0)

III 4 (20) 5 (25) 10 (50) 1 (5)

IV 5 (25) 7 (35) 5 (25) 3 (15)

a ARI scores: 0 5 no adhesive remaining on the enamel surface; 1 5 less than 50% adhesive remaining on tooth; 2 5 more than 50% adhesive

remaining on tooth; 3 5 all adhesive remaining on tooth surface.
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This may be attributed to the poor quality of the enamel
surface and the lack of resin tags that form the
mechanical interlock. Keles28 evaluated the SBS
values in control, demineralization, remineralization,
and prophylaxis subgroups. In study groups, sequen-
tial remineralization and demineralization were per-
formed for the formation of enamel lesions. Similar to
the present findings, they found the highest SBS
values for the untreated control group. Prophylaxis and
remineralization groups showed similar SBS values.
The only statistical difference occurred between the
demineralization and other groups. In the demineral-
ization group, lower SBS scores were recorded.

We determined that the SBSs of CPP-ACP–treated
samples were higher compared to the demineralization
group, and there were no significant differences
between the control and CPP-ACP–treated groups. It
would be reasonable to think that CPP-ACP led to an
identical enamel surface composition as observed in
the teeth in the control group. The current results were
in accordance with those of the Keles study,28 while
Keçik et al.21 and Xianojun et al.22 found that the SBS
values of CPP-ACP–treated samples were higher than
that of the control group. This was the opposite of our
study’s findings. These differences may be the result
of the different bonding materials used in the above-
mentioned studies.

It has been suggested24,31–33 that topical fluoride
application interferes with the etching effect of phos-
phoric acid on enamel and results in reduced bond
strength of dental resins. Gwinnet and Smith34 ex-
plained the reduction in bond strengths by the
disrupting formation of enamel tags. Moreover, teeth
with high fluoride compositions are considered to be
more resistant to acid etching.24 Fluoride-pretreated
teeth demonstrated a 40% reduction in bond
strengths.35 Tabrizi and Cakirer24 found lower SBS
values in the fluoride-pretreated group compared to
the control. On the other hand, Keçik et al.21 found
contrary results. In our study, the SBS values of
fluoride-pretreated teeth were lower than those of the
control and CPP-ACP groups. But the SBS values for
the fluoride-treated group were higher than the critical
limit suggested by Reynolds.36 The highly variable
results regarding the use of fluoride and SBS values
may be attributed to the different concentrations and
different fluoride applications used in the studies.

Keçik et al.,21 Xianojun et al.,22 Tabrizi and Cakirer24

and Keles28 reported no significant differences be-
tween debonding sites. Keles28 emphasized that in the
demineralization group, SBS testing lead to cracks in
enamel, and enamel particles’ were seen at the
bracket base. In this study, statistically significant
differences were found between groups with regard to
the ARI scores. In the control group, no detachment

was found at the enamel-composite interface, whereas
in group II (demineralization), 75% of total detach-
ments were of this type. The weak bonding between
enamel and composite in the demineralization group
may explain the poor bond quality of demineralized
enamel.

According to Reynolds,36 5.9–7.8-MPa SBS values
are adequate for orthodontic purposes. In our study,
both CPP-ACP and fluoride applications led to SBS
values that were greater than this. Thus, the results of
the present study indicated that pretreatment of
demineralized enamel with CPP-ACP increases the
SBS of orthodontic brackets. In addition, fluoride
application after demineralization leads to clinically
acceptable SBS values.

CONCLUSIONS

N Demineralization significantly reduces the SBS of
orthodontic brackets.

N Remineralization with fluoride or CPP-ACP improved
bonding to demineralized enamel.

N CPP-ACP pretreatment is more efficient than fluoride
pretreatment for bonding orthodontic brackets.

N Higher failures were found in the composite-enamel
interface in untreated demineralized samples.
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