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INTRODUCTION

ABSTRACT

Background: Casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) is applied for
remineralization of early caries lesions or tooth sensitivity conditions and may affect subsequent
resin bonding. This in vitro study investigated the effect of CPP-ACP on the shear bond strength of
dental adhesives to enamel.

Materials and Methods: Sixty extracted human molar teeth were selected and randomly divided
into three groups and six subgroups. Buccal or lingual surfaces of teeth were prepared to create
a flat enamel surface. Adhesives used were Tetric N-Bond, AdheSE and AdheSE One F. In three
subgroups, before applying adhesives, enamel surfaces were treated with Tooth Mousse CPP-ACP
for one hour, rinsed and stored in 37°C temperature with 100% humidity. This procedure was
repeated for 5 days and then adhesives were applied and Tetric N-Ceram composite was adhered
to the enamel. This procedure was also fulfilled for the other three subgroups without CPP-ACP
treatment. After 24 hour water storage, samples were tested for shear bond strength test in a
universal testing machine. Failure modes were determined by stereomicroscope. Data were analyzed
by t-test and one-way analysis of variance with P < 0.05 as the level of significance.

Results: In comparison between applied and non-applied CPP-ACP subgroups, there was no
significant decrease in the shear bond strength to enamel only in Tetric N-Bond (P > 0.05). In non-
applied CPP-ACP subgroups, there were statistically significant differences among all subgroups.
Tetric N-Bond had the highest and AdheSE One F had the lowest shear bond strength.
Conclusion: CPP-ACP application reduces the shear bond strength of AdheSE and AdheSE One
F to enamel but not Tetric N-Bond.

Key Words: Casein phosphopeptide-amorphous calcium phosphate, enamel, etch-and-rinse,
self-etch, shear bond strength

depends on remineralization of enamel and dentin.
Remineralization can occur in patients with nonacidic

Prevention of dental caries formation or arresting white  galivary pH, enough amounts of minerals especially
spot lesions is one of the important goals in operative  ..jcium and fluoride in saliva content and a very

dentistry. This elaborate prevention procedure

good oral hygiene.!"! Recently, casein phosphopeptide-

amorphous calcium phosphate (CPP-ACP) has been
CcCess 1S article online
introduced.”’ CPP-ACP has a therapeutic effect on

dental caries, white spot lesions, hypomineralized
or hypocalcified enamel, mild fluorosis, root
hypersensitivity, erosion, hypersensitivity after vital
bleaching® and also preventing demineralization
around brackets and other orthodontic appliances
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due to its remineralization effects. CPP-ACP
is a bioactive substance based on milk products,
composed of two parts: CPP and ACP. CPP is
obtained from milk’s Casein protein and can stabilize
calcium and phosphate in “nanocluster” forms of ions
in solution, resulting in increased level of calcium and
phosphate in dental plaque.’! Furthermore, calcium
and phosphate enter enamel prisms and restore apatite
crystals. Also, buffering characteristic of CPP can
prevent demineralization of tooth structures. ACP,
a biological active substance, releases calcium and
phosphate and prepares a supersaturated level of
them, decreases the demineralization and increases
remineralization. Calcium and phosphate ions
disperse through porous lesion easily and precipitate
on partially demineralized enamel prisms and reform
apatite crystals. Higher concentration of CPP-ACP
may lead to a better remineralization.[®

CPP-ACP properties such as inhibition of
demineralization, increasing remineralization and
its bacteriostatic/bactericidal effect are similar to
fluoride. It has also a fluoride-free type which is safe
to use in children younger than 2-year-old whom
may swallow it during application. CPP-ACP is
more efficient than fluoride-containing toothpastes
in neutralizing bacterial acid attack and also it has a
stronger remineralization effect comparing to fluoride
alone. Problems such as fluorosis and poisoning which
occur in over dosage of fluoride will not happen in
CPP-ACP usage.”® CPP-ACP can protect enamel
surface from erosion and increases its wear resistance
and helps better clinical management in tooth wear
situations.”! It can bind to pellicle, dental plaque and
soft-tissues as well.' After CPP-ACP treatment,
placement of composite on the enamel surfaces may
become necessary and therefore evaluation of bonding
effectiveness is important to gain a successful bonding
phenomenon.

The aim of this study was to evaluate the influence
of CPP-ACP on the shear bond strength of etch-and-
rinse and self-etch adhesives to enamel. The null
hypothesis was that there was no significant difference
in shear bond strength of composite to enamel with
CPP-ACP application.

MATERIALS AND METHODS
This was an in vitro experimental study including

sixty freshly extracted human third molars without
any cracks, decay or any other defects. After

removing of remnant connective tissue and storing
in a 0.5% chloramine-T solution (Fisher Chemical,
Fair lawn, NJ, USA) for 24 h, the teeth were washed
with saline solution and stored in distilled water at the
room temperature during the study time.

A diamond fissure bur (SS White, Great White Series,
Lakewood, NJ, USA) was used to freshen the buccal
or lingual enamel surfaces of teeth (under air-water
coolant spray) in order to make a flat surface. This
flatness was checked by a surveyor’s perpendicular
rod. The prepared surfaces had to have full contact
with the rod. The teeth were mounted up to the level
of cement-enamel junction in chemically-cured acryl
(Acropars, Marlic Co., Tehran, Iran) and the vertical
position of flattened surfaces (perpendicular to
horizon) was confirmed by using surveyor’s rod.

In the next step, the specimens were randomly
divided into three main groups based on bonding
agents. Then, each of these three main groups were
divided into two subgroups: Case and control. To
mark the field of bonding area on each specimen,
paper sticks with a punched hole, 3 mm-in-diameter,
were attached to the prepared surfaces. In three case
subgroups, small amounts of Tooth Mousse CPP-
ACP (CP) (GC Corp., Tokyo, Japan) paste were
placed using an oral spatula on the marked areas for
one hour. Then specimens were rinsed with distilled
water for 20 s and placed in an incubator (Incubator
6530, Behdad, Tehran, Iran) at the temperature of
37°C and humidity of 100%. This procedure was
repeated for 5 consecutive days exactly in the same
manner. The next step was applying bonding agents
[Tetric N-Bond (TB), AdheSE (Ad) and AdheSE One
F (Ad One F)] and placing composite materials in all
six subgroups. The materials were used according to
manufacturers’ instructions [Table 1].

The light curing unit was being monitored periodically
by a radiometer (Optilux, SdS, Kerr, USA). After
bonding process, a clear plastic cylindrical mold
(internal diameter of 2 mm and height of 3 mm) was
used to attach Tetric-N Ceram composite (Ivoclar/
Vivadent, Schaan, Liechtenstein) on the enamel
surface in two increments and each layer was cured
for 20 s from top of the mold. After removing the
mold, the composite was cured for additional 40 s.

After storing all specimens in 37°C distilled water for
24 h, shear bond strength was measured by universal
testing machine (Testometric M350-10 CT, England)
with a crosshead speed of 0.5 mm/min and load
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Table 1: Materials used in this study

Material Type Composition Manufacturer Instruction of use

Tetric Etch-and-rinse Phosphoric acid acrylate, HEMA, Bis GMA, Ivoclar/Vivadent Etching the enamel (20 s), rinsing

N-Bond adhesive urethanedimethacrylates, ethanol, film-forming Schaan, Liechtenstein (30 s), blot drying, apply one layer

(TB) agent, catalysts, stabilizers of TB for 10 s, gently air-drying, light
curing using a QTH light curing unit
(Demetron LC, Kerr, USA) with 650
mW/cm? intensity (20 s)

AdheSE  Two-step Primer: Dimethacrylate, phosphoric acid Ivoclar/Vivadent Applying the primer of Ad (30 s),
(Ad) Self-etch acrylate, initiators and stabilizers Schaan, Liechtenstein air-drying, applying adhesive (20 s),
adhesive Bonding: HEMA, dimethacrylate, silicon air-drying, curing (20 s)

dioxide, initiators and stabilizers
AdheSE  One-step Derivatives of bis-acrylamide, water, alcohol, Ivoclar/Vivadent Appling Ad One F (20 s), air-drying
One F (Ad Self-etch bis-methacrylamidedihydrogen phosphate, Schaan, Liechtenstein (strong pressure), curing (20 s)
One F) adhesive amino acid acrylamide, hydroxyl alkyl
methacrylamid, alkyl sulfonic acid acrylamide,
highly dispersed silicon dioxide, catalysts and
stabilizers, potassium fluoride
GC Tooth  Topical creme Pure water, glycol, CPP-ACP, D-sorbitol, GC Corp.,
Mousse CMC-Na, propylene glycol, silicone dioxide, Tokyo, Japan
(CP) titanium dioxide, xylitol, phosphoric acid,
flavoring, zinc oxide, sodium saccharin, ethyl
p-hydroxyl benzoate, magnesium oxide,
Guar gum, propyl p-hydroxyl benzoate, butyl
p-hydroxyl benzoate
Tetric Light-cure Dimethacrylate (19-20 wt.%), TEGDMA, Ivoclar/Vivadent
N-Ceram  Composite barium glass, ytterbium triflouride, mixed Schaan, Liechtenstein
oxide, copolymer (80-81 wt.%), additives,
catalysts, stabilizers, pigments
N-Etch Etchant Phosphoric acid (35 wt.% in water), thickeners Ivoclar/Vivadent

and pigments

Schaan, Liechtenstein

HEMA: Hydroxyethyl methacrylate; Bis GMA: Bisphenol a glycidylmethacrylate; QTH: Quartz tungsten halogen; CPP-ACP: Casein phosphopeptide-amorphous

calcium phosphate; TEGDMA: Triethyleneglycol dimethacrylate

cell of 50 kgF, using a steel parallel blade (1 mm
in diameter) on the composite-enamel interface. The
computer measured shear loading for each specimen
and showed the results in a force deflection diagram.

The force required to dislodge the composite cylinder
was recorded in Newton and converted to mega
Pascal (MPa) with this equation:

P Peak load in failure area (Newton)
q=

Bonding area (mm?)

Mode of failure in each specimen was observed by
two examiners under a stereomicroscope (Olympus,
DP 12, Germany) at x40 magnification and classified
to four classes: Adhesive failure (90-100% of the
bonded interface failed), cohesive failure in enamel
(90-100% of the failure was in enamel), cohesive
failure in composite (90-100% of the failure was in
composite) and mixed failure (partially adhesive and
partially cohesive).['!]

Data analysis was performed by one-way analysis of
variance (#-test) at the P < 0.05 level of significance
using SPSS version 13.0 (SPSS, Chicago, IL, USA).

RESULTS

The mean and standard deviation values of the shear
bond strength measurements for all subgroups are
summarized in Table 2.

In Ad and Ad One F groups, there were statistically
significant decreasing in the shear bond strength
to enamel of case subgroups in comparison with
their control subgroups (Ad: P = 0.029, Ad One F:
P =0.037) but not in TB group (P = 0.845).

Among case subgroups, there were statistically
significant differences among all. CP + TB had the
highest and CP + Ad One F had the lowest shear bond
strength. Modes of failures are presented in Table 3.

DISCUSSION

In local application of fluoride ions, deficiency of
calcium and phosphate ions can be a limiting factor
for remineralization, which is worse in Xerostomic
conditions.["? Calcium and phosphate ions have low
stability, especially in the presence of fluoride, so their
clinical usage is not successful.l’! CPP-ACP is a safe
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Table 2: Shear bond strength in MPa (mean * SD)
for each tested subgroup

Groups Mean + SD
CP + Tetric N-Bond 28.00+7.772
Tetric N-Bond 28.57+4.58~F
CP + AdheSE 13.96+7.48°
AdheSE 21.97+7.626F
CP + AdheSE One F 5.31+1.55°

AdheSE One F 7.16+2.09%

Identical upper case letters indicate no differences (P < 0.05). SD: Standard
deviation; MPa: Mega Pascal

Table 3: Mean percentage of failure mode after shear
bond strength test

Mode of failure Adhesive Mixed Cohesive

(%) % % Inenamel In composite
% %

CP + Tetric N-Bond 50.0 30.0 20.0 0.0

Tetric N-Bond 20.0 40.0 40.0 0.0

CP + AdheSE 90.0 0.0 0.0 10.0

AdheSE 80.0 20.0 0.0 0.0

CP + AdheSEOne F  100.0 0.0 0.0 0.0

AdheSE One F 80.0 20.0 0.0 0.0

material to use in the oral care products, professional
dental products and also in nutrition.'*! CPP-ACP
causes an increase in the level of calcium and
phosphate ions in supra gingival plaque by bonding its
CPP part to saliva pellicle and Streptococcus mutans
bacteria surface. Its existence in plaque biofilm can
lead to subsurface enamel lesions’ remineralization,
and thus they would be more resistant to acid attacks
in the future.l'>14

The results of this study showed that only the shear
bond strength of CP + TB subgroup has no significant
difference compared with TB subgroup (P = 0.845).
Phosphoric acid has a strong etching effect and has
the ability to remove calcium and phosphate from the
enamel surface and hence it will increase available
bonding area which leads to increased adhesion. In
addition, phosphoric acid can improve adhesive’s
wet ability by increasing the enamel surface energy
and will create a stronger adhesion. Rinsing the
etching agent makes the enamel surface free from
any contaminant, thus improves the bonding quality.
Etching with phosphoric acid can remove a thin layer
of surface enamel and provides small porosities.!'s!
Several studies have showed that CPP-ACP has no
effect on the shear bond strength of etch-and-rinse
adhesives,!'*!'”l  which are in agreement with
this study.

In Adebayo et al. study, it was concluded that
CPP-ACP application could not reduce the microshear
bond strength of one etch-and-rinse adhesive,
Single Bond, to enamel.™ According to Tabrizi and
Cakirer study, CPP-ACP could not affect shear bond
strength of orthodontic brackets to enamel with
application of etch-and-rise adhesives.'! CPP-ACP
can compensate the reduction of shear bond strength
of demineralized enamel to orthodontic brackets with
etch-and-rinse adhesives and increase it to the level of
non-demineralized enamel.["” Khoroushi and Keshani
study demonstrated that CPP-ACP application reduces
the shear bond strength of etch-and-rinse adhesive to
bleached enamel.*"

CPP-ACP can produce a hypermineralized enamel
surface by depositioning calcium and phosphate, thus
the weak acidity of these self-etch adhesives (Ad
pH = 1.6,21 Ad One F pH = 1.4P%) cannot remove
enriched surface layer and adhesive penetration is
adversely affected. Furthermore, even after complete
rinsing, some amount of CPP-ACP paste might be
trapped in enamel surface porosities (residual layer),
which primer and adhesive cannot penetrate through
it, so it will decrease the impregnation of primer and
consequently resin and resin tag formation.''™ This
phenomenon can explain the more adhesive failures in
case subgroups than their control subgroups [Table 3].

Moule et al. observed that CPP-ACP reduces the bond
strength of self-etch adhesive to enamel and the treated
teeth with CPP-ACP are more resistant to acid because
of the enamel resistance to the etching effect of that
self-etch adhesive and some CPP-ACP paste remain on
the enamel surface acting as a contaminant, which can
interfere with bonding to enamel.l'" Based on Cehreli
et al. study, CPP-ACP application did not disturb
the shear bond strength of the self-etch adhesive,
Transbond Plus, to orthodontic bracket.?’! Furthermore,
one study showed that CPP-ACP application does not
significantly affect the shear bond strength of etch-and-
rinse and self-etch adhesives. SEM analysis showed
that etching patterns of groups treated with CPP-ACP
is similar to non-treated groups.*!

The acidity of self-etch adhesives does not necessarily
cause higher bond strength to enamel.””! The results
of the present study showed that Ad with a “mild”
acidity caused a higher bond strength compared to Ad
One F with a “moderate” pH.

All-in-one  adhesive  systems  possess
hydrophilic acidic polymers and therefore,

highly
even
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after being light cured, they act as a permeable
membrane during water storage.[* Water presence
in Ad composition beside hydroxyethyl methacrylate
facilitates penetration to fresh enamel; however, it can
induce earlier degradation after thermocycling.**’ On
the other hand, TB possesses ethanol and separate
etching and bonding steps increases its technique
sensitivity.””’ These reasons can explain the results in
control subgroups.

If an adhesive system has higher bond strength, usually
the mode of failure will be cohesive rather than
adhesive.”! This matter is consistent with the results of
this study, i.e., the most cohesive failures were observed
in etch-and-rinse groups with higher bond strength and
they had the lowest rate of adhesive failure. The most
adhesive failures occurred in CP + Ad One F subgroup
which had the lowest bond strength.

CONCLUSION

CPP-ACP treatment did not show any significant
decrease of the shear bond strength in Tetric N-Bond
to the enamel, but significantly reduced the shear
bond strength of AdheSE and AdheSE One F to the
enamel. Finally, by applying CPP-ACP, shear bond
strength was significantly decreased in the following
order: Tetric N-Bond, AdheSE and AdheSE One
F. SEM studies are recommended to obtain more
information about the presented results.
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