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Abstract

Background and Objectives: Remineralization, as a treatment modality, has attracted the attention of dental clinicians.
Recent studies on the role of casein and calcium phosphate derived from milk showed that casein phosphopeptide (CPP)
complex stabilizes the calcium phosphate and leads to remineralization of incipient carious lesions. This study aimed to
assess and compare the efficacy of casein phosphopeptide amorphous calcium phosphate (CPP-ACP), casein
phosphopeptide amorphous calcium phosphate fluoride (CPP-ACPF) and fluoride gel for remineralization of enamel
carious lesions.

Materials and Methods: One-hundred extracted human premolars were divided into four groups of 25: artificial saliva
(group A), CPP-ACP (group B), CPP-ACPF (group C) and fluoride gel (group D). The DIAGNOdent values of buccal tooth
surfaces were measured at baseline, after demineralization and at seven, 14 and 21 days after remineralization.

Results: The mean DIAGNOdent value(remineralization rate)was 7.4, 6.96 and 8.16 in CPP-ACP, CPP-ACPF and fluoride
gel groups, respectively at seven days, 7.04, 6.6 and 7 at 14 days and 6.48, 6.08 and 6.52, respectively at 21 days (ANOVA,
P<0.05). At all three time points, remineralization of enamel lesions in the test groups was significantly higher than that

in the control group but no significant difference was noted between the test groups in this respect.
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Conclusion: CPP-ACP, CPP-ACPF and fluoride gel all showed significant efficacy for remineralization of demineralized

enamel lesions. Also, CPP-ACPF (GC MI Paste Plus) caused greater remineralization than CPP-ACP (GC Tooth Mousse) and

fluoride gel due to the incorporation of 0.2% NaF in its composition.

Keywords: Casein Phosphopeptide Amorphous Calcium Phosphate; Casein Phosphopeptide Amorphous Calcium

Phosphate Fluoride; Fluoride Gel; DIAGNOdent; Remineralization

Abbreviations: CPP: Casein Phosphopeptide; ACPF:
Amorphous Calcium Phosphate Fluoride; WSLs: White
Spot Lesions; ACP: Amorphous Calcium Phosphate; QLF:
Quantitative Light-induced Fluorescence; DIFOTI: Digital
Imaging Fiber Optic Transillumination.

Introduction

Tooth decay is a chronic disease with slow
progression, which is not often detectable at its onset. It
starts with demineralization and release of calcium and
phosphate ions leading to the formation of a subsurface
lesion [1]. The pathological process of tooth destruction
occurs following the activity of cariogenic
microorganisms, which ferment carbohydrates and
produce organic acids, causing demineralization of dental
hard tissue [2]. Formation of white spot lesions (WSLs) is
the first clinical symptom of caries, which can be
considered as the first step of enamel demineralization.
These lesions are detectable by the human eye and have a
chalky white, opaque appearance on smooth tooth
surfaces. They are more commonly found in the cervical
third of the teeth [3,4].

Treatment of WSLs often includes preventive
measures and enhancement of remineralization. The logic
behind the use of fluoride for caries prevention is based
on its penetration into the crystalline network of minerals
in dental hard tissue and subsequent formation of a
resistant mineral phase against acid attacks and
decreasing the enamel dissolution rate [5]. Fluoride ions
stop the process of caries progression by forming
fluorapatite or causing deposition of dissolved
hydroxyapatite in the enamel structure [6]. Although
topical application of fluoride can significantly prevent
the development of WSLs [7,8], studies on the
management of these lesions are limited [9].

In the recent years, calcium phosphate-based
remineralization technologies have shown promising
results as an adjunct to topical fluoride therapy for non-
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invasive treatment of incipient caries [10,11]. However,
clinical studies in this respect are scarce [12]. Novel
methods for enamel remineralization include the use of
milk and milk products, which have shown promising
results in caries prevention [3]. Recent studies on the role
of casein and calcium phosphate derived from milk
showed that casein phosphopeptide (CPP) complex
stabilizes the calcium phosphate and leads to
remineralization of incipient carious lesions [13].

The CPP molecules are comprised of phosphoseryls
that significantly increase the solubility of calcium and
phosphate by stabilizing the amorphous calcium
phosphate (ACP) in alkaline and neutral conditions. CPP
enhances the stabilization of calcium phosphate in
aqueous environments with alkaline or neutral pH by 100
times. Calcium and phosphate ions released from the CPP
are absorbed by the enamel prisms, reforming
hydroxyapatite crystals [14]. Conventional radiography,
quantitative light-induced fluorescence (QLF),
microradiography, digital imaging fiber  optic
transillumination (DIFOTI) and DIAGNOdent are among
the optical methods/tools uses for caries detection.
DIAGNOdent is an instrument for non-invasive detection
of incipient and non-activated carious lesions [15].

The mechanism of action of QLF is based on the
inherent fluorescence of the enamel and its reduction
following demineralization. However, some factors
compromise the specificity of this method [16]. DIFOTI is
the completed version of FOTI, which is based on the
passage of light through an object [17]. It is a quantitative
method for caries detection. In this method, a 0.5 mm thin
fiber optic probe is used and it is an efficient tool for
detection of proximal caries. However, enamel caries
cannot be easily and accurately detected by this tool, and
its main shortcoming is its low sensitivity [16,18].

Considering the high prevalence of dental caries, this

study aimed to assess the efficacy of CPP-ACP, CPP-ACPF
and fluoride gel for enamel remineralization.
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Materials and Methods

This in vitro study was conducted on 100 sound
permanent human premolars extracted for orthodontic
treatment. All teeth were sectioned in mesiodistal
direction into buccal and lingual halves using a diamond
disc. The buccal half of the teeth was used for this study.
All samples were mounted in dental stone and coded. A
white paper measuring 4x4 mm was placed on the teeth
to confine the test area before applying the acid-resistant
varnish.

DIAGNOdent (DIAGNODENT Kkavodentalpen 1290,
Germany) was then used to measure the mineral content
of the teeth. Samples with DIAGNOdent scores 0 to 7
(sound) were chosen for this study. Samples with a score
larger than 7 (demineralized) were excluded. The teeth
were then randomly divided into four groups of 25. Each
group was coded and the baseline DIAGNOdent value of
each sample was measured. To artificially create carious
lesions, each tooth was separately immersed in 20 mL of
demineralizing solution for five hours and was then
rinsed with ion-free water (2.2m MkH;P04, 50m Macetic
acid and 2.2m MCacCl;). The teeth were then tested with
DIAGNOdent and samples showing score 8 or higher were
chosen for further assessments.

Samples in each group were then immersed in
remineralizing solution daily and were then stored in
artificial saliva (20 mmol/l NaHCO3, 3mmol/1 NaH;PO,,
Immol/]1 CaCl;) at room temperature and neutral pH for
one week, two weeks and three weeks. Group A samples
were rinsed with ion-free water and placed back in the
plastic container containing artificial saliva. CPP-ACP was
then applied on group B samples while CPP-ACPF was
applied on group C samples. Fluoride gel was applied on
group D samples for four minutes and the samples were
then rinsed with ion-free water. The samples were then
immersed in artificial saliva. All samples were measured
by DIAGNOdent at one, two and three weeks. Data were
analyzed using SPSS version 20 (SPSS Inc, IL, USA) via
ANOVA and t-test.

Results

A total of 100 premolar teeth were evaluated. No
significant difference was found among the groups in
DIAGNOdent scores before and after enamel
demineralization. In other words, the groups were
homogenous and matched in this respect (P>0.05). A
shown in Table 1, significant differences were noted in
DIAGNOdent scores at seven, 14 and 21 days after enamel
remineralization (P<0.05, Table 1).

Time Group Mean Standard deviation P value
Control 8.88 0.88
Immediately after CPP-ACP 9.48 1.8
demineralization CPP-ACPF 9.68 1.86
Fluoride 9.52 1.87
Control 8.64 0.95
CPP-ACP 7.4 1.4
At7 days CPP-ACPF 6.96 1
Fluoride 8.16 1.4 0
Control 8.48 1
CPP-ACP 7.04 0.88
At14 days CPP-ACPF 6.6 11
Fluoride 7 1.4
Control 8.44 1
CPP-ACP 6.48 0.9
At21 days CPP-ACPF 6.08 1
Fluoride 6.52 1.6

Table 1: DIAGNOdent scores in the four groups at different time points after enamel remineralization.

Figure 1 shows the DIAGNOdent scores of the groups
at different time points after enamel remineralization.
DIAGNOdent scores were significantly different at 7, 14
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and 21 days after enamel remineralization in the control
group compared to CPP-ACP, CPP-ACPF and fluoride
groups.
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Figure 1: DIAGNOdent scores in the groups at different
time points after enamel remineralization.

Discussion

Several studies have reported the optimal efficacy of
topical fluoride therapy for enamel remineralization of
incipient carious lesions and reduction of enamel
solubility [19-22]. CPP-ACP is currently marketed under
the brand name Tooth Mousse. It can stop the progression
of caries since it decreases demineralization and
enhances remineralization [23]. In the current study,
enamel remineralization rate (DIAGNOdent score) was
significantly different in the three groups of CPP-ACP,
CPP-ACPF and fluoride at 7, 14 and 21 days. DIAGNOdent
was used to assess the remineralization rate and the
results showed that the mean remineralization rate
(DIAGNOdent score) was the highest in CPP-ACPF group
followed by the CPP-ACP and fluoride groups. Also, the
remineralization rate in the control group was
significantly different from that in all three test groups.
However, the difference in this respect among the three
test groups was not significant. These results were in line
with those of Jayarajan, et al. [14] in 2011.

Taranath, et al. [24] in 2014 evaluated the role of CPP-
ACP and its derivatives in remineralization of primary
enamel lesions and reported results similar to ours
despite the differences in methodology, sample size and
testing environment.

Mehta, et al. in 2013 compared the efficacy of CPP-ACP
and CPP-ACPF for enamel remineralization of teeth with
artificially induced carious lesions using QLF [13]. They
reported that both CPP-ACP and CPP-ACPF compared to
artificial saliva caused enamel remineralization and were
not significantly different. But, in contrast to our study,
artificial saliva had a significant difference with CPP-ACP
and CPP-ACPF at the end of day seven, which indicates
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that artificial saliva results in better remineralization than
CPP-ACP and CPP-ACPF at the end of one week. This
difference between our results and theirs may be due to
the use of QLF in their study instead of DIAGNOdent.

In 2010, Lata, et al. [25] evaluated and compared the
remineralization potential of fluoride and CPP-ACP for
enamel lesions and showed that CPP-ACP was less
effective than fluoride for remineralization of incipient
enamel lesions. Also, they reported that combination of
fluoride and CPP-ACP did not have a greater potential for
enamel remineralization compared to fluoride alone.

Conclusion

Within the limitation of this study the following
conclusions can be drawn:

a) CPP-ACP, CPP-ACPF and fluoride gel all showed
significant  efficacy @ for  remineralization  of
demineralized enamel lesions.

b) CPP-ACPF (GC MI Paste Plus) caused greater
remineralization than CPP-ACP (GC Tooth Mousse) and
fluoride gel due to the incorporation of 0.2% NaF in its
composition.

c) At all three time points, remineralization of enamel
lesions in the test groups was significantly higher than
that in the control group (artificial saliva).
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