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Statement of Problem: Dental caries is one of the most common chronic diseases in
children. The balance between demineralization and remineralization of the decayed
teeth depends on the calcium and phosphate content of the tooth surface. Therefore,
if a product such as casein phospho peptides - amorphous calcium phosphate (CPP-
ACP) which can significantly increase the availability of calcium and phosphate in
the plaque and saliva should have an anti-caries protective effect.

Objectives: The purpose of this study was to evaluate the concentration of calcium,
phosphate and fluoride in the plaque and saliva of children before and after applying
the CPP-ACP paste.

Materials and Methods: A total of 25 children aged between 6-9 years were selected
for this clinical trial study. At first, 1 ml of unstimulated saliva was collected and
then 1 mg of the plaque sample was collected from the buccal surfaces of the two
first primary molars on the upper jaw. In the next step, CPP-ACP paste (GC Corp,
Japan) was applied on the tooth surfaces and then the plaque and saliva sampling
was performed after 60 minutes. The amount of calcium ions was measured by Ion
meter instrument (Metrohm Co, Swiss) and the amounts of phosphate and fluoride
ions were measured by Ion Chromatography instrument (Metrohm Co, Swiss). Data
were analyzed using paired #-test at a p < 0.05 level of significance.

Results: There were statistically significant differences in the calcium and phosphate
concentration of the saliva and plaque before and after applying the CPP-ACP
paste. There were also statistically significant differences in the fluoride levels of
the plaque before and after applying the CPP-ACP paste. However, there were no
statistically significant differences in the fluoride levels of the saliva before and after
applying the CPP-ACP paste.

Conclusions: In this study, the use of the CPP-ACP paste significantly increased the
fluoride levels of the plaque and the calcium and phosphate levels of both saliva and
plaque. Hence, CPP-ACP paste can facilitate the remineralization of tooth surfaces
and is useful for protecting the primary teeth.
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Introduction

Dental caries is the most common chronic infectious
disease in children [1]. A recent study [2] reported
that the prevalence of caries in 6-9 year old Iranian
children was 89-90%, with a mean dmft score ranging
about 3.3-4.8. While the mean dmft scores among
children in Saudi Arabia (2010), Brazil (1996), China
(2002), Palestine (2007) and Philippines (1998) were
5,3.9,4.5,6.5 and 4.6 respectively [3-6].

Dental caries can affect the children’s quality of
life. In most small children (less than 2 years old),
dental decay lead to reduced weight gain and reduced
growth [7]. Impaired speech development and reduced
self-esteem have been reported to be associated with
early tooth loss caused by dental caries [8].

The current focus of researches conducted in this
field is the development of non-invasive treatment
approaches [9], and casein phospho peptides-
amorphous calcium phosphate(CPP-ACP) has been
introduced by Eric Reynold and coworkers as a
therapeutic approach to enhance the remineralization
[10]. CPP-ACP is a bioactive substance basically
made from milk products and is composed of two
parts: casein phospho peptides (CPP) and amorphous
calcium phosphate (ACP) [11].

CPP has a great potential to stabilize calcium and
phosphate in “nanocluster” forms of ions in solution
and to remarkably enhance the level of calcium and
phosphate in dental plaque [11]. CPP can bind to the
biofilm, enamel and soft tissues, thereby delivering
the calcium and phosphate ions exactly to the
sites where they are needed. The free calcium and
phosphate ions move out of the CPP, enter the enamel
prisms, and restore the apatite crystals [12].

CPP-ACP has been shown to have anticariogenic
properties in laboratory, and also in animal and human
in situ experiments. The anticariogenic mechanism
of CPP-ACP is incorporating ACP in dental plaque,
which buffers the free calcium and phosphate ions
and creates a state of supersaturated level of calcium
and phosphate regarding the tooth enamel; this
reduces the enamel demineralization and promotes
remineralization [11].

CPP-ACP is useful in the treatment of dental
caries, white spot lesions, hypocalcified enamel,
dentin hypersensitivity, mild fluorosis, and erosion.
CPP-ACP can also prevent demineralization around
the brackets and other orthodontic appliances and
facilitate a normal post-eruptive maturation process

[11].
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CPP-ACP properties such as inhibition of
demineralization, enhanced remineralization and its
bacteriostatic/bactericidal effect are similar to the
single most useful anticaries agent, fluoride, while
CPP-ACP demonstrates none of the adverse effects
of fluoride such as fluorosis at moderate doses and
toxicity at higher doses [13,14].

Sufficient amounts of calcium and phosphate ions
must be available for net remineralization to occur,
but this process is normally restricted by the amount
of available calcium and phosphate [15]. Therefore,
if a product such as CPP-ACP can significantly
increase the availability of calcium and phosphate
in plaque, it should have an anti-caries protective
effect by decreasing demineralization, enhancing
remineralization, or probably a combination of both
[13].

In the previous studies, only the calcium and
phosphate concentrations of the saliva after chewing
the CPP-ACP containing gum were evaluated, and
there is no report about the fluoride concentrations of
the saliva and plaque and also calcium and phosphate
concentrations of the plaque after applying the CPP-
ACP paste. Therefore, the aim of this study was to
evaluate the concentration of calcium, phosphate and
fluoride in the plaque and saliva of children aged
between 6-9 years before and after applying the CPP-
ACP paste.

Materials and Methods

A total of 25 students aged between 6-9 years, with
good oral hygiene, no active caries and no systemic
disease, and resident in a charity educational center in
Kerman/Iran, was selected to take part in this clinical
trial study.

Ethical approval for this study was obtained
from the Ethics Committee of Kerman University
of Medical Sciences (IR.Kmu.REC.1394.594). After
taking the informed consent, the bacterial plaque was
removed using a slow-speed hand piece and a soft
rubber cup without using any other substances. The
subjects were asked to avoid brushing teeth, using
dental floss or fluoride and other medical substances
for 48 hours, and then sampling of the plaque and
saliva was performed as follows:

Collecting and preparing saliva samples

Saliva sampling was done prior to dental plaque
sampling. The subjects were instructed to expectorate
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a minimum of 1 ml of unstimulated saliva over 5
minutes into a sterile plastic container and then
the samples were immediately transferred to the
laboratory. Then, 1 ml of salivary samples was
transferred to the coded micro-tubes using a sampler.
For the preparation of the samples, 900 pl of the saliva
sample was mixed with 100 ul of 1 M HCIO, solution
and after 2 hours, 100 ul of 90% TISAB III solution
(JENWAY, England) was added to the mixture; then,
the samples were centrifuged at 12000 rpm for three
minutes.

Collecting and preparing plaque samples

Before plaque sampling, the subjects were asked to
swallow to remove any pooled saliva. Using sterile
applicators (Kerr, USA), we collected the plaque
samples from the buccal surfaces of the two first
primary molars on the upper jaw and then 1 mg of
the sample was transferred into a coded microtube
containing 1.5 ml of mineral oil. In order to
increase the sensitivity of the measurements, plaque
samples were weighted with a digital scale with the
sensitivity of 10 g. All micro-tubes were centrifuged

The amount of calcium ions of the plaque and saliva
samples was measured by lon meter instrument
(Metrohm Co, Swiss) and a calcium specific electrode,
and the amount of phosphate and fluoride ions
was measured by Ion Chromatography instrument
(Metrohm Co. Swiss) using their specific columns.

After the first stage of the research, the children
followed their usual oral health habits and diet for 14
days. Subsequently, bacterial plaque from the surfaces
of the teeth was removed and they were asked to
avoid brushing the teeth, using dental floss, fluoride
and other medical substances for 48 h. Subsequently,
the CPP-ACP paste (GC Corp, Japan) was applied
by a sterile swap on the buccal surfaces of the two
first primary molars of the upper jaw and then plaque
and saliva sampling was performed after 60 minutes.
The subjects were asked to avoid eating, drinking
and rinsing of the mouth in the period between the
application of CPP-ACP paste and collection of the
samples. The procedures were repeated similar to
the first stage. Data were analyzed by SPSS (v.13.5)
software package using paired #-test at a p < 0.05
level of significance.

at 12000 rpm for 5 minutes. Subsequently, the Results
collected samples were mixed with 200 pl of 1 M
HCIO, _,..,and diluted with 1800 ul of TISAB III The mean calcium, phosphate and fluoride

solution for stability and recording ionic power.
All plaque and saliva samples were filtered by
a 0.2u filter. The preparation of the plaque and
saliva samples was performed according to the
previously described technique by Vogel et al. [16].

concentrations of the plaque and saliva before and
after applying CPP-ACP paste are shown in Table 1.
The results showed that the use of CPP-ACP paste
significantly increased the calcium, phosphate and
fluoride concentrations of the plaque. (»p <0.001,

Table 1: The mean calcium, phosphate and fluoride concentrations of the plaque and saliva before and after application

of the CPP-ACP paste

Group Mean Std.Deviation p value
Saliva Calcium(pg/ml) Control 19.04 10.1 <0.001
CPP-ACP 43.87 24.7
Fluoride(ppm) Control 0.65 0.15 0.512
CPP-ACP 0.68 0.15
phosphate(pug/ml) Control 0.33 0.06 <0.001
CPP-ACP 0.92 0.26
plaque calcium(pg/ml) Control 22.17 9.1 <0.001
CPP-ACP 48.8 232
Fluoride(ppm) Control 0.79 0.15 0.029
CPP-ACP 0.98 0.3
phosphate(pug/ml) Control 0.65 0.26 <0.001
CPP-ACP 1.88 0.56

SD: Standard deviation
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p <0.001, p =0.029, respectively).

The results also showed that the use of the CPP-
ACP paste significantly increased the calcium and
phosphate concentrations of the saliva. (p < 0.001,
p < 0.001, respectively). However, the use of the
CPP-ACP paste did not significantly increase the
saliva fluoride levels (p = 0.512).

Discussion

Several studies have reported an inverse association
of plaque Calcium, Phosphate levels and caries
experience [17,18].

The results of this study showed that the use of
CPP-ACP paste significantly increased the saliva
and plaque calcium and phosphate levels. This is
consistent with the results of the previous studies.

For example, Kakatkar ef al. [19] evaluated the
impact of CPP—-ACP containing gum on the salivary
concentration of calcium and phosphate and indicated
that CPP-ACP containing chewing gum increased
the calcium concentration of the saliva significantly;
however, a significant decrease was observed in
the phosphate concentration of the saliva for up to
1 hour after chewing the gum, as compared to the
baseline. They concluded that this pseudo decrease
in the salivary concentration of phosphate could be
attributed to the increase in the salivary flow rate after
chewing the CPP—ACP containing gum [19].

Reynolds et al. [20] evaluated the retention ability
of CPP-ACP in supragingival plaque when delivered
in a chewing gum or mouth rinse and reported that
CPP-ACP-containing mouth rinse significantly
increased the level of calcium and inorganic
phosphate in supragingival plaque and demonstrated
that CPP-ACP could still be detected on the plaque
3 hours after chewing the gum. Moreover, electron
microscopic analysis of the supragingival plaque
samples indicated that the CPP-ACP was bound to the
intercellular matrix of the plaque and on the surface
of the bacterial cells [20], confirming the work of
Rose who demonstrated that CPP-ACP binds tightly
to Streptococcus mutans and model plaque[13,14]. In
the mentioned studies, only the calcium and phosphate
concentrations of the plaque and saliva after chewing
the CPP-ACP containing gum were evaluated, while
in the current study the fluoride concentrations of the
saliva and plaque were also examined. Moreover, in
the current study the studied subjects were children.

In the present study, the mean concentrations of
calcium and phosphate (in both the plaque and saliva)
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after applying CPP-ACP paste were more than two
times and three times (respectively) as much as
that in the baseline. Fluoride ions can promote the
remineralization of previously demineralized enamel
if adequate amounts of plaque or salivary calcium
and phosphate ions are available when the fluoride is
applied ( For every two fluoride ions, six phosphate
ions and ten calcium ions are needed to form one
unit cell of fluorapatite (CalO(PO4)6F2)) [21].
Additionally, it is reported that high extracellular
free calcium concentrations may have bacteriostatic
or even bactericidal effects. Hence, it is possible
that due to the maintenance of high free calcium,
CPP-ACP may have an additional anti-plaque effect
[13,22]. These results highlight the importance of
the availability of plaque or salivary calcium and
phosphate ions.

In a physiologic condition, the buffering potential
of the saliva and its content of ions retains the PH
of the oral cavity close to the saturation state [23].
However, due to various reasons, this balance may
move towards demineralization of tooth structure.
Srinivasan et al.[24] observed that no remineralization
occurred in the eroded enamel which was immersed
in the saliva compared to groups treated with CPP-
ACP and CPP-ACPF. In many cases, saliva cannot
shift towards remineralization by itself because of the
presence of mature bacterial plaques or active caries;
therefore, remineralizing agents are necessary for
shifting towards remineralization [24].

Morgan et al. [25] evaluated the effect of CPP-
ACP containing gum on the approximal caries. In this
two year study, the children were assigned to either a
test (CPP—ACP containing gum) or control (sugar-free
gum without CPP-ACP) groups. All subjects
received accepted preventive procedures, including
fluoridated dentifrice, fluoridated water and access to
professional care. But the CPP-ACP gum (the tested
group) significantly slowed progression and enhanced
remineralization of approximal caries relative to the
control gum after 24-months. Moreover, the analyses
of the sections of remineralized enamel by the CPP-
ACP demonstrated that the deposited mineral was
hydroxyapatite with higher Calcium: Phosphate
ratio than normal hydroxyapatite; therefore, the
remineralized enamel was more resistant to acid
challenge [25].

In the current study, the use of the CPP-ACP paste
significantly increased the fluoride concentrations
of the plaque. Some researchers believe that the
accumulation of fluoride on the plaque depends on
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the presence of calcium ions. They attributed this
fact to the role of salivary calcium in the bacterial
cell wall bonding of fluoride[26,27]. Therefore in
the current study, the significant increase in the
fluoride concentration of the plaque is related to
the availability of high amounts of calcium ions.
Reynolds et al. [21] also evaluated the ability of CPP-
ACP to enhance the incorporation of fluoride into the
plaque, indicating that the addition of 2% CPP-ACP
to the 450-ppm-fluoride rinse increased the fluoride
incorporation into supragingival plaque significantly,
where the fluoride concentration of the plaque was
over double that obtained with the fluoride rinse alone.
CPP-ACP also increased the fluoride incorporation
into subsurface enamel and substantially increased the
enamel subsurface remineralization compared with
fluoride alone. Moreover, the dentifrice containing
2% CPP-ACP plus 1100-ppm-F’ produced a more
homogenous remineralization throughout the body of
the lesion [28].

Fluoride was introduced into dentistry over 70
years ago [29]. Fluoride ions play several significant
roles in caries-prevention; these include the formation
of fluorapatite crystals, which are more acid resistant
than hydroxyapatite, interference with ionic bonding
during plaque and pellicle formation, the enhancement
of remineralization and the inhibition of the microbial
growth and metabolism [30].

Conclusions

In this study, the use of the CPP-ACP paste
significantly increased the fluoride levels of the
plaque and calcium and phosphate levels of both
saliva and plaque. Hence, CPP-ACP paste can
facilitate the remineralization of tooth surfaces and
is useful for protecting the primary teeth, especially
when oral hygiene is not desirable.

Conflict of Interest: None declared.
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