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Abstract
Objective: To evaluate the remineralization effects of the casein phosphopeptide-amorphous calciumphosphate (CPP-ACP) paste on
the white spot lesions (WSLs) of the primary teeth thereby to assess its caries-prevention efficacy on early childhood caries (ECC)
in vivo. Methods: A total of 11 high caries risk children with 36 noncavitated caries on smooth surfaces in primary incisors and
canines were assigned to receive CPP-ACP (GC Tooth Mousse, GC JAPAN) in addition to daily use of fluoridated toothpaste for 4
weeks. Thirty six WSLs on primary incisors and canines were evaluated. During 4 weeks treatment period, all subjects were
instructed to use daily fluoridated toothpaste (500 ppm F- as NaF) and additionally applied a CPP-ACP containing paste on
respective surfaces for 1 minute, twice a day. Baseline and final mineralization status were determined using a laser-induced
infrared fluorescence (FL) device (DIAGNOdent™,KaVoDentalGmbH, Germany ). Results: The mean LF results for WSLs at the
buccal surfaces of the primary teeth before CPP-ACP paste application was 8.41 ± 12.43 and after was 1.95 ± 4.69 (P<0.001). CPP-
ACP paste in addition to daily use of fluoridated toothpaste produced an increase in WSLs remineralization of 77% (P<0.001).
Conclusion: This 4-week clinical study have indicated that twice daily topical applications of CPP-ACP containing paste as an
adjunct to a standard oral hygiene programme which includes fluoridated toothpaste, significantly improve the remineralisation of
white spot lesions. The usage of CPP-ACP paste with Fluoride toothpaste could be effective for preventing demineralization and
promoting remineralization of enamel subsurface lesions.
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Introduction
Early childhood caries (ECC), previously known as nursing
caries, baby bottle tooth decay is an important public health
problem especially in low-income children, with significant
negative consequences for the child and the family [1]. The
first sign of ECC is denoted by white spot lesions (WSLs)
which can be defined as a demineralization of the enamel
surface and subsurface, although these lesions can be reversed
and do not form cavities [2].

Over the years with clinically proven research, fluoride has
been documented to promote remineralization and can be very
easily introduced into the oral environment through personal
or professional application. However, its ability to
remineralize a lesion is dependent on Ca and phosphorus (P)
ions and therefore fluoride can be the restrictive factor for net
enamel remineralization to occur [3]. Recently, the complex
CPP-ACP, derived from a major protein found in milk called
casein is presented as an alternative remineralizing agent that
is remarkably capable of stabilizing calcium phosphate, look
promising as adjunctive treatments to topical fluorides in the
non-invasive management of early caries lesions [4,5].
Stabilized calcium phosphate, maintaining a state of
supersaturation of these ions in the oral environment when
delivered in a mouth rinse, tooth pastes, sealants, varnishes,
chewing gums and promotes the remineralization of enamel
subsurface lesions in vitro and in situ [6-10].

Conventional methods for caries detection are not capable
of quantifying the mineral loss or gain occurring as a result of
demineralization and remineralization processes, respectively
[11]. Besides WSLs are not detectable visually until they have
progressed 200-300 μm into the enamel. In this sense,
quantitative methods have been developed for caries detection

and for monitoring changes in the mineral content [12]. Some
of these methods are based on the fluorescence phenomenon
emitted by bacterial porphyrins (fluorophores), molecules that
are excited by a light source with a specific excitation
wavelength [13,14].

On visual examination, well-defined clinical criteria are the
methods of first choice, moreover when examining free
smooth surfaces in vivo, since the clinician’s ability has been
pointed out as a valid method to determine caries activity [15].
However, it is still difficult to make a decision on subclinical
caries diagnosis. A diagnostic system could have the
advantage of objectively recording noncavitated stages of
caries lesions [16].

A laser-based diagnostic system (LF), DIAGNOdent
(KaVo, Biberach, Germany) (DD) was developed using a
diode laser as a light source and a photodiode combined with
a long-pass filter as detector for the determining and
quantification of caries lesions in clinical situations [17].
Importance of early detection of caries activity is inevitable
especially at incipient lesions.

Although several in vitro and in situ studies [6-10] have
proved the remineralizing potential and success rate of
products based on agents containing CPP-amorphous calcium
phosphate (CPP-ACP) with fluoride or without fluoride, very
few exist in vivo on efficacy of CPP-ACP at WSLs on primary
teeth. Therefore, this in vivo study was designed to evaluate
the remineralization potentials of topically applied CPP- ACP
(ToothMousse, GC) on the early enamel lesion of the children
with childhood caries (ECC).
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Methods
The procedures of the study followed the ethical standards of
the Marmara University ethical committee on human
experimentation and with the Helsinki Declaration.

Sample selection

This study was conducted 6 children who were treated (4 boy
2 girl; between 3-4.5 years of age; mean age ± SD: 3.95 ±
0.45) in Marmara University, Dental School, Department of
Pediatric Dentistry, Istanbul, Turkey. All subjects provided
informed written consents.

Assessment criteria

The clinical selections were carried out in clinic under
reflector light conditions using sterile mirrors and blunt
probes with compressed air. The teeth were cleaned and
plaque was removed. Thirty six non cavitated caries on free
smooth surfaces in primary incisors and canines were chosen
for evaluation. WSLs were categorised according to the
International Caries Detection and Assessment System
(ICDAS II; grades 0-3).

After visual examination, Laser fluorescence (LF)
measurements DIAGNOdent®(KaVoDentalGmbH, Germany)
was conducted and values were recorded as baseline data. LF
provides an indirect measure of the extent of demineralisation
of noncavitated caries: the tooth surface is exposed to light of
wavelength 655 nm which causes organic matter in the
demineralised lesion to fluoresce. The intensity of the
fluorescence is converted into an arbitrary numerical scale by
the instrument. Following the manufacturer’s instructions,
calibration of the DD was performed with a ceramic standard
provided by the company. A DD with a short cylindrical tip B
measured each demineralized smooth labial surfaces after the
surface was washed and air-dried. A set of DD readings was
taken; if peak values differed between readings, the numbers
were averaged to determine the surface’s DD reading.

Procedures

During 4 weeks treatment period, all children were instructed
to brush their teeth after breakfast and before bedtime with a
pea-sized quantity of fluoride toothpaste (500 ppm F- as NaF)
and they were required to apply the CPP-ACP containing
paste (GC Tooth Mousse, GC JAPAN, Japan) to the WSLs
with a finger for 1 minutes, twice a day after their morning
and evening oral care regimes and to avoid eating or drinking
for at least thirty minutes after the application.

All the surfaces were examined using
DIAGNOdent®(KaVoDentalGmbH, Germany) to assess for
any numeric change after the remineralization procedure.

Statistical analysis

All data were processed by the SPSS 15.0 software package.
The baseline and after treatment LF data were subjected to
Paired t-test and p ≤ 0.05 was considered to be significant.

Results
The value of 9 is determined as the cut-off point and the value
of samples showing above this number is considered as the
presence of surface lesion on the tooth surface. All of the
WSLs were either stabilized or regressed during the study.
The mean and standard devaition of LF results for WSLs at
the buccal surfaces of the primary teeth before CPP-ACP
paste application was 8.41 ± 12.43 and after was 1.95 ± 4.69
LF values were reduced at 4 weeks. The lesion regression of
treatment regime was found to be significant at P<0.001
(Table 1).

Table 1. Mean laser fluorescence readings (mean±standard
deviation) in WSLs for treated teeth at baseline and after 4 weeks
CPP-ACP containing paste usage.

Tooth Before CPP-ACP (Mean ±
SD)

After CPP-ACP (Mean ±
SD) P

63 9.11 ± 14.23 3.98 ± 8.37 0.008

62 14.56 ± 16.07 2.97 ± 5.78 0.005

61 8.62 ± 11.99 1.77 ± 3.26 0.005

51 4.30 ± 5.44 0.17 ± 0.58 0.008

52 8.12 ± 15.10 1.36 ± 3.12 0.012

53 5.74 ± 8.11 1.45 ± 2.74 0.139

CPP-ACP containing paste with oral hygiene daily routine
produced an increase in WSLs remineralization of 77%.

Figure 1. Mean decrease in laser fluorescence values after 4
weeks usage of CPP-ACP containing paste.

The difference of the mean LF values between the baseline
and after treatment regime was statistically significant
(P<0.005) (Figure 1) in all teeth groups except #53. The
maximum remineralization was seen in teeth number #62
followed by #52 and then #61. According to the mean
reductions in LF measurements between baseline and after
treatment, significant improvements in the remineralisation of
the lesions were observed for all teeth groups except number
53 after the 4-week period (P>0.005).

Discussion
Although saliva has a remineralization potential,
remineralization produced by saliva is minimal and it occurs
on the surface layer of the lesion only and new remineralizing
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systems would be needed to achieve more pronounced lesion
regression [18,19]. In order to perform mineral deposition
within the body of the lesion, first calcium and phosphate ions
must penetrate into the surface layer of enamel. This explains
why the CPP-supported metastable calcium phosphate
solutions are such efficient that in remineralizing solutions.
Because they are able to consume the acid generated during
enamel lesion, so that by remineralization it is generated more
calcium and phosphate ions, including CaHPO4, thus
maintained the high concentration gradient into the lesion
[20]. Based on the evidence above, we observed that the use
of twice daily topical applications of CPP-ACP paste with
fluoridated toothpaste significantly improved the
remineralisation of the WSLs. The advantage of using CPP–
ACP complexed with fluoride is the simultaneous availability
of calcium, phosphate, and fluoride [21].

Alhough the CPP- ACP revealed its efficacy in caries
prevention in most studies, whether it has added promoting
effect or not is still controversial. Yimcharoen et al. [22]
investigated CPP-containing toothpaste and compared it with
fluoride-containing toothpastes on remineralization of caries-
like lesions in primary teeth enamel, using polarized light
microscopy. They concluded that CPP-containing toothpaste,
260 ppm fluoride-containing toothpaste and a 500 ppm
fluoride-containing toothpaste all had significant efficacy for
inhibiting demineralization of carious lesions; however, 500
ppm fluoride-containing toothpaste inhibited lesion
progression better than CPP-containing toothpaste and a 260
ppm fluoride-containing toothpaste. This result may due to the
fact that The effectiveness of the CPP-ACP paste can be
enhanced in the oral cavity if a biofilm exists, because it can
bind to CPP and act as a reservoir for the calcium and
phosphate ions [22].

Altenburger et al. [23] evaluated the effect of casein
phosphopeptides (CPP) and amorphous calcium phosphate
(ACP), as an adjunct to average oral hygiene, on the
fluorescence of initial carious fissures and pits in vivo.
Fissures additionally treated with the CPP-ACP containing
cream showed significantly lower laser fluorescence values
after Day 15 (P=0.001) and Day 22 (P<0.001) compared to
the control group [23]. These findings were in accordance
with the our results which showed a significant improvement
in early carious lesions regression on primary teeth by the
daily use of CPP-ACP-containing cream adjunct with flüoride
brushing at 1 month.

Moreover, the results of our study support previous reports
by Akin and Başciftci [24] and Andersson et al. [25] who
studied the effects of pastes containing CPP-ACP,
respectively, on white spot lesions of postorthodontic
treatment. Akin and Basciftci [24] compared the effects of
sodium fluoride mouth rinse, casein phosphopeptide-
amorphous calcium phosphate (CPP-ACP)in treating white
spot lesions. All participants were instructed to use 20 ml of
neutral 0.025% sodium fluoride rinse, only the participants in
the CPP-ACP group were instructed to use tooth mousse twice
a day in addition to fluoride toothpaste for 6 months. The area
of the white spot lesions decreased significantly in all groups
[24]. Andersson et al. [25] observed that daily topical
application of a dental crème containing CPP-ACP for 3
months followed by a 3-month period of daily tooth brushing

with fluoridated toothpaste helped in the complete elimination
of the post-orthodontic WSLs .

Llena et al. observed that 4-week use of CPPACFP was
superior to duraphate fluoride varnish in remineralizing
smooth surface WSLs [26]. However, Beerns et al. [27]
observed that the use of CPP-ACFP crème for 12 weeks had
no clinical advantage over normal hygiene in the
remineralization of WSLs.

In this study the procedure was daily hone routime of CPP-
ACP paste application performed by parents after
toothbrushing with 500 ppm fluoridated toothpaste as we
expected the synergistic effect of CPP-ACP and fluoride in
remineralization of the lesion. After 1 month, we found the
number of lesions that experienced regression was 77%.
Although we had limited chance to be able to put into practice
regarding the sample size, we observed that he usage of CPP-
ACP paste with fluoride toothpaste could be effective for
preventing demineralization and promoting remineralization
of enamel subsurface lesions.

Conclusion
This study showed that preventive intervention methods play
the major role in arresting WSL and dental caries in young
children. Oral hygiene instruction alone was not sufficient
enough to reduce WSL. However, oral hygiene instruction
together with the application CPP-ACP was an effective
method to reduce WSLs mineral loss.

Nevertheless, further study might be conducted for a longer
follow-up time, other application times or absence of
fluoridated toothpaste to confirm these initial results in vivo.
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