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Objective: The purpose of this study was to evaluate the effect of casein
phosphopeptide amorphous calcium phosphate (CPP-ACP) on the shear bond
strength (SBS) of brackets bonded to non-demineralized teeth with either
phosphoric acid etching or self-etching primer. Methods: Sixty human premolars
were randomly assigned to 1 of 4 treatment groups (n = 15 each): phosphoric
acid etching (group 1); self-etching primer (group 2); CPP-ACP for 2 weeks +
phosphoric acid etching (group 3), and CPP-ACP for 2 weeks + self-etching
primer (group 4). After bonding of the maxillary premolar metal brackets,
specimens were subjected to shear forces in a testing machine. Scanning electron
microscopy was used to observe etching patterns on the enamel surfaces of all
teeth. A 2-way analysis of variance was used to test for effects of CPP-ACP and
etching system on SBS. Results: Significantly higher mean SBSs were observed
in groups subjected to phosphoric acid etching (i.e., groups 1 and 3; p < 0.05).
On the other hand, SBSs did not appear to be influenced by CPP-ACP (i.e.,
groups 3 and 4; p > 0.05). We observed a uniform and clear etched pattern on
the enamel surface of the phosphoric acid etching groups. Conclusions: CPP-
ACP does not significantly affect the SBS of orthodontic brackets bonded to
non-demineralized teeth, regardless of which adhesive method is used to bond
the brackets.
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INTRODUCTION

Casein phosphopeptide amorphous calcium phosphate
(CPP-ACP) is a dental product that strengthens and
remineralizes teeth while also acting as an anticariogenic
agent.'” CPP-ACP can dramatically decrease lesion
depth and increase both remineralization and mineral
content of enamel, thereby improving ratios of both
calcium and phosphate.*” Both of these minerals form
a complex with CPP-ACP on the dental plaque of tooth
surfaces, creating a supersaturated state that resists
acid challenges and prevents demineralization; the
calcium and phosphate ions themselves also enhance
remineralization by penetrating the demineralized
enamel structure.”* Further, enamel surfaces remine-
ralized by CPP-ACP are more resistant to acid challenges
with hydroxyapatite of high concentrations of calcium
and phosphate ions.”

CPP-ACP application is one of many techniques that
have been proposed for simultaneously enhancing
remineralization and reducing the occurrence of dental
caries and white spot lesions (i.e., the decalcification
of enamel that often occurs adjacent to orthodontic
brackets).”"" Such lesions are a significant clinical
problem for orthodontists; in one study population,
an increase in the number of white spots was observed
in 50% of patients who underwent fixed orthodontic
treatments."?

There is much interest in using CPP-ACP as a prophy-
lactic for preventing decalcification during orthodontic
treatments. However, this will not be feasible if the
compound negatively impacts bracket adhesion. Of the 3
phases of the orthodontic adhesion process (i.e., etching,
priming, and bonding), the first seems most likely to be
impacted by CPP-ACP, which increases mineral content
and acid resistance of enamel. Such interference could
ultimately reduce the shear bond strength (SBS) of
bracket bonding, though the extent of this effect might
be expected to vary depending on the type of etching
technique employed - for example, phosphoric acid or
a self-etching primer can be used, the latter of which
combines the etching and priming events into a single
step.

We developed the current study to evaluate the effects
of both CPP-ACP and different etching processes on
the SBS of brackets attached to non-demineralized
teeth. We also explored whether SBS was impacted by
interactions between these 2 factors.

MATERIALS AND METHODS

Our sample was comprised of 60 human maxillary
and mandibular premolars that had been extracted for
orthodontic reasons from patients aged between 18 and
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28 years; all individuals provided informed consent prior
to the study. Teeth were only included in the study if
they had an intact buccal surface and were free of caries,
cracks, and enamel defects. The teeth were cleaned after
extraction and any residual soft tissues were removed.
They were then stored in distilled water according to
1SO standards 11405/2003. All teeth were tested within
1 month of extraction after being embedded in cold
acrylic resin with a mounting jig, such that the labial
surface was perpendicular to the bottom of the mold.

Teeth were randomly assigned to 1 of 4 treatment
groups (n = 15 each): 35% phosphoric acid + Transbond
XT primer + Transbond XT resin (group 1); Transbond
Plus Self-etching Primer (TPSEP) + Transbond XT resin
(group 2); CPP-ACP paste applied for 2 weeks + 35%
phosphoric acid + Transbond XT (group 3); and CPP-
ACP paste applied for 2 weeks + TPSEP + Transbond XT
resin (group 4).

Teeth in group 1 were etched with 35% phosphoric
acid for 15 seconds, washed for 10 seconds, and air-
dried. Transbond XT primer was applied and light-cured
for 10 seconds. Brackets were bonded with Transbond
XT resin. Teeth in Group 2 were treated with TPSEP,
which was rubbed on the enamel surfaces for 5 seconds
and gently air-dried for 5 seconds. Brackets were
bonded with Transbond XT resin. Maxillary premolar
metal brackets (Victory Series™ brackets; 3M Unitek,
Monrovia, CA, USA) were positioned parallel to the base
of the acrylic block. In groups 3 and 4, the teeth were
pre-treated with CPP-ACP paste (Toothmousse; GC Co.,
Tokyo, Japan) for 2 weeks before the brackets were
bonded. This protocol was selected because previous
work has shown that the remineralizing effects of CPP-

Figure 1. Shear bond strength test with the Instron
machine showing where the debonding force was applied.
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ACP last for at least 2 weeks after its application.
CPP-ACP was applied twice a day according to the
manufacturer’s instructions. Three minutes after appli-
cation, the specimens were stored in artificial saliva in
a 37°C incubator; the saliva was changed daily, and the
enamel surface was cleaned with distilled water prior to
application of the CPP-ACP paste.

All specimens were stored in artificial saliva for 24
hours in a 37°C incubator prior to undergoing shear
force testing in a universal testing machine with a
crosshead speed of 0.5 mm/minute; each trial lasted
until bracket failure occurred (Figure 1). Once the
debonding was complete, we examined the enamel
surface of the tooth under a stereomicroscope at 50
x magnification. We used the modified adhesive rem-
nant index (AR1) to evaluate the amount of residual
adhesive on each tooth surface. Classifications were as
follows: 1, the entire composite, with an impression
of the bracket base, remained on the tooth; 2, > 90%
of the composite remained; 3, > 10% but < 90%
of the composite remained on the tooth; 4, < 10% of
composite remained on the tooth surface; 5, no com-
posite remained on the tooth. We also examined the
acid-etched enamel surfaces with scanning electron
microscopy (SEM) in order to compare the differences
between group1/ group2 (no CPP-ACP) and group 3/

Table 1. Shear bond strength values (MPa) of the 4
treatment groups

Group

(n = 15 each) Mean SD Minimum Maximum
1 18.66 2.31 13.68 20.95
2 15.75 1.77 13.06 18.31
3 18.48 2.19 14.71 20.91
4 15.51 1.71 12.65 18.18

MPa, Megapascal; SD, standard deviation.

group 4 (CPP-ACP).

We used Levene variance homogeneity and Shapiro-
Wilk’s tests to investigate the homogeneity of variance
and distribution, respectively, of bond strength data.
Two-way analysis of variance (ANOVA) tests were used
to test for differences between groups and to explore
any interactions between CPP-ACP pre-treatment and
etching type. A Fisher’s exact test was used to evaluate
differences in ARI scores between groups. Significance
was defined as p < 0.05.

RESULTS

Mean SBS values and standard deviations are shown
in Table 1. Bond strength was not significantly affected
by pre-treatment with CPP-ACP (Table 2). However, SBS
was impacted by etching system. Bond strengths were
significantly higher for teeth prepared with phosphoric
acid etching (group 1: 18.66 + 2.31 megapascal [MPa];
group 3: 18.48 + 2.19 MPa) than with the self-etch
adhesive system (group 2: 15.75 + 1.77 MPa; group
4: 15.51 + 1.71 MPa) (p < 0.05). CPP-ACP and type of
adhesive system did not interact to affect SBS (p > 0.05)

Table 2. Results from two-way ANOVA test investigating
the effects of our explanatory variables (presence/absence
of CPP-ACP pre-treatment, type of etching system, and
the interaction between these) on SBS

ssqli::rzfs H ol
CPP-ACP 0.70 0.17 0.68
ES 129.60 SIE9S <0.001
CPP-ACP x ES 0.01 0.00 0.95

Anova, Analysis of variance; CPP-ACP, casein phospho-
peptide amorphous calcium phosphate; SBS, shear bond
strength; ES, etching system.

Table 3. Frequency distribution of ARI scores for each of the 4 treatment groups

ARI scores (n = 15 each)

S 1 2 4 5 Total
1 2(13.3) 7(46.7) 4(26.7) 1(6.7) 1(6.7) 15(100.0)
2 - 3(20.0) 6(40.0) 6 (40.0) - 15 (100.0)
3 2(13.3) 7 (46.7) 3(20.0) 3(20.0) - 15 (100.0)
4 = 4(26.7) 4(26.7) 7 (46.7) = 15 (100.0)
Total 4(6.7) 21 (35.0) 17(28.3) 17(28.3) 1(1.7) 60 (100.0)

Data are presented as number (% of total). Fisher’s exact test; p > 0.05.

Adhesive remnant index (ARI) scores: 1, the entire composite, with an impression of the bracket base, remained on the tooth;
2, > 90% of the composite remained on the tooth; 3, > 10% but < 90% of the composite remained on the tooth; 4, < 10% of
composite remained on the tooth; 5, no composite remained on the tooth.

www.e-kjo.org
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Figure 2. Scanning electron microscopy images of acid-etched enamel tooth surfaces. A, Surface of a tooth etched with
35% phosphoric acid (x5,000). B, Surface of a tooth etched with Transbond Plus Self-Etching Primer (x5,000).

Figure 3. Scanning electron microscopy images of acid-etched enamel surfaces after 2 weeks of pre-treatment with
casein phosphopeptide amorphous calcium phosphate. A, Surface of a tooth etched with 35% phosphoric acid (x5,000). B,
Surface of a tooth etched with Transbond Plus Self-Etching Primer (x5,000).

(Table 2).

ARI values were similar across all groups (Table 3),
though we did notice that the self-etch adhesive system
group (group 2 and group 4) tended to display adhesive
failure at the enamel/adhesive interface.

Our SEM analysis revealed no significant difference
associated with CPP-ACP preparation. We only noticed
different enamel surfaces between the 35% phosphoric
acid treatment groups (group 1 and 3) and the TPSEP
groups (group 2 and 4) that etching was much more
pronounced, uniform, and clear on enamel etched with
3500 phosphoric acid, while enamel prepared with TPSEP
was characterized by much shallower etching (Figures 2
and 3).

26 http://dx.doi.org/10.4041/kjod.2013.43.1.23

DISCUSSION

Our results indicate that SBS is impacted more by
etching technique than by use of CPP-ACP. This
suggests that there will not be negative orthodontic side
effects of employing CPP-ACP to reduce the likelihood
of decalcification and/or prevent formation of dental
caries. This is true regardless of whether teeth are
prepared with a phosphoric acid or self-etching primer
system, the latter of which appears to be associated with
lower SBS.

Our CPP-ACP results are in agreement with previous
findings demonstrating that CPP-ACP does not com-
promise bracket bond strength when a 3-step bonding
procedure is used."”'” In fact, the authors of these
studies all suggested that pre-treatment with CPP-ACP

www.e-kjo.org
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before bonding actually increased bracket SBS."'® As in
the current study, CPP-ACP was used in these instances
as a prophylactic prior to bonding. However, because the
previous authors stored specimens in distilled water, they
were unable to consider the impacts of saliva, which
enhances the effectiveness of CPP-ACP.

Demand for a simpler and more effective bonding
technique has led to the development of self-etching
primers, which are comprised of phosphoric acid and a
methacrylate group. When these primers are applied to
enamel, the phosphate group dissolves and removes the
calcium from the hydroxyapatite, forming a complex
that is incorporated into the network during primer
polymerization: etching and monomer diffusion occur
simultaneously. By decreasing the number of steps re-
quired during the adhesion process (e.g., etching, rin-
sing, and drying), these primers potentially reduce
the likelihood of contamination - an important factor
determining SBS.'® While there is no question that self-
etching primers are effective,'””" SEM examinations
of etched enamel have revealed primer-dependent
variations in etching patterns. Surfaces etched with 35%
phosphoric acid tend to be very porous, characterized by
long resin tags and numerous enamel prisms that form
a typical honeycomb pattern. Surfaces prepared with
TPSEP, on the other hand, have less prominent etching
patterns, with short resin tags and very thin hybrid
]ayers.zo,zz,zz

Thus, a combination technique of CPP-ACP pre-
treatment (which increases enamel acid resistance and
mineral content) and TPSEP etching seemed likely to
reduce bracket SBS.

Surprisingly, however, we did not find any evidence
that a CPP-ACP pre-treatment reduced SBS for teeth
prepared with the self-etch adhesive system (p > 0.05
for a comparison of groups 2 and 4). Additionally, our
SEM analysis revealed similar etching patterns in groups
that did and did not receive the CPP-ACP pre-treatment
(i.e., groups 1 vs. 3/groups 2 vs. 4). These results add
to the growing body of literature suggesting that CPP-
ACP does not compromise SBS.**** However, we did
find that mean SBS was higher in the phosphoric acid
etching groups (groups 1 and 3) than in the self-etch
adhesive system groups (groups 2 and 4; p < 0.05) - an
observation also consistent with previous study.”’

The higher SBS values reported here were primarily
a result of the location at which the debonding force
was applied. Klocke and Kahl-Nieke*® noted that SBS
dropped by 41.5% when debonding forces were moved
from a position close to the enamel to the bracket
wing. In vitro conditions are difficult to reproduce in
a laboratory setting because forces would need to be
applied from multiple directions at once. Under clinical
conditions, bond failures are usually caused by the

www.e-kjo.org

application of force loads to the wings. To standardize
the test as much as possible and to exert a pure shear
force, we chose to apply a debonding force to the
interface of the bracket and the tooth surface.

CONCLUSION

1. The use of CPP-ACP did not affect mean SBS,
regardless of the adhesive system used to bond brac-
kets to the teeth in our study sample (p > 0.05). All
SBS values were clinically acceptable.

2. Significantly Tower SBS values were observed in the
groups prepared with the self-etch adhesive system
(Group 2: 15.75 + 1.77 MPa; Group 4: 15.51 + 1.71
MPa) than in those bonded with phosphoric acid
etching (Group 1: 18.66 + 2.31 MPa; Group 3: 18.48
+ 2.19 MPa) (p < 0.05).

3. There were no significant differences in the ARI
values of the 4 treatment groups. However, the
self-etch adhesive system group tended to display
adhesive failure at the enamel/adhesive interface.

4. Enamel etching patterns were similar on teeth that
were and were not pre-treated with CPP-ACP.

Based on these results, we conclude that pre-
treatment with CPP-ACP does not significantly affect
the SBS of orthodontic brackets. Additionally, given
the values of SBS observed for the self-etching primer
groups, we advocate the use of both this method and
35% phosphoric acid etching for bonding orthodontic
brackets.
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