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Analysis of the effect of CPP-ACP tooth mousse on enamel remineralization

by circularly polarized images

Guotao Wua; Xinqiang Liub; Yongfu Houc

ABSTRACT
Objective: To evaluate the effect of casein phosphopeptide–amorphous calcium phosphate tooth
mousse on the remineralization of bovine incisor by circularly polarized images.
Methods: Eighty bovine incisors, each with a 4 3 4 mm artificially demineralized area, were used.
The samples were divided into four groups: Group A, casein phosphopeptide–amorphous calcium
phosphate tooth mousse; Group B, fluoride toothpaste; Group C, casein phosphopeptide–
amorphous calcium phosphate tooth mousse and fluoride toothpaste; and Group D, no treatment.
Circularly polarized images were taken after the specimens were treated for 3, 6, 9, or 12 weeks,
and the size of the demineralized area and the mean grey level were measured. Data analysis was
done using repeated measures variance analysis. Pearson correlation coefficients were computed
to evaluate the correlation between the size of the demineralized area and the mean grey level.
Results: In all four groups, the size of the demineralized area and the mean grey level declined
with time. The size of the demineralized area of Group C was significantly smaller than that of
Group A at the end of the third and sixth weeks (P 5 .039, P 5 .000, respectively), and the mean
grey level of Group C was lower than that of Group A at the end of the 6th and 12th weeks (P 5

.037, P 5 .004, respectively). At the end of the 6th, 9th, and 12th weeks, the size of the
demineralized area of Group C was smaller (P 5 .000, P 5 .005, P 5 .005, respectively) and the
mean grey level was lower (P 5 .000) than those of Group B. No statistically significant correlations
were detected between the size of the demineralized area and the mean grey level.
Conclusion: Casein phosphopeptide–amorphous calcium phosphate tooth mousse can reduce
the size and mean grey level of demineralized areas and promote the remineralization of bovine
enamel. Combined application with fluoride toothpaste strengthens the effect. (Angle Orthod.
2010;80:933–938.)
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INTRODUCTION

Enamel demineralization is a side effect of ortho-
dontic treatment, and the existence of fixed appliances
has been associated with prolonged accumulation of
bacterial plaque on the enamel surfaces.1 Studies
have shown that, compared with nonorthodontic
patients, orthodontic patients are much more vulner-
able to the demineralization of enamel with a rate of
4.9% to 84%.2 Therefore, it has always been a crucial
task for orthodontists to minimize the occurrence of
enamel demineralization.

It has been generally accepted that the combined
application of a fluoride regimen, oral hygiene instruc-
tions, and dietary control can contribute greatly to the
inhibition of demineralization.3–5 Since the 1990s, people
have been interested in the anticaries effect of milk in
which casein phosphopeptide-amorphous calcium phos-
phate (CPP-ACP) plays a main role by suppressing
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demineralization and enhancing remineralization.6 CPP-
ACP has been shown to slow the progression of caries
significantly and to promote the regression of early
lesions in randomized, controlled clinical trials.7–9 Sys-
tematic review with meta-analysis studies also indicate
that CPP-ACP has a short-term remineralization effect.10

However, the clinical benefits of CPP-ACP in paste form
with or without fluoride have not yet been substantiated
with credible scientific evidence.11

Meanwhile, clinical studies of enamel remineraliza-
tion are of great importance. Evaluative techniques
include macroscopic methods, clinical examination,
Quantitative light-induced fluorescence and so on.
These methods have advantages and disadvantag-
es.12 Livas13 and Benson and colleagues14,15 proved
that image analysis is a reliable method for quantifying
enamel demineralization. However, few studies have
applied polarized digital images to evaluate the effect
of CPP-ACP on enamel remineralization. Studies have
been limited to the application of a linear polarized lens
(LPL), but the circular polarized lens (CPL) has
received little attention.

The aim of this study, therefore, is to evaluate the size
of the demineralized area (SDA) and the mean grey level
(MGL) of enamel treated with CPP-ACP tooth mousse
and/or fluoride toothpaste with the help of computer-
assisted image analysis of circularly polarized digital
images. The null hypotheses were as follows:

—CPP-ACP tooth mousse would have no effect on the
remineralization of enamel.

—The combined application of CPP-ACP tooth
mousse and fluoride toothpaste would have no
better remineralization effect than independent
application of any of the two agents.

—The application of computer-assisted image analysis
of circularly polarized digital images would not be an
effective method to detect enamel remineralization.

MATERIALS AND METHODS

Tooth Preparation

Eighty freshly extracted bovine incisors were ob-
tained from a slaughterhouse. All teeth were stored in

physiological saline after extraction and examined
under a stereomicroscope to remove cracks and
erosion. The teeth were soaked in demineralization
buffer (Table 1) for 2 weeks to produce an artificially
demineralized area (Figure 1). Two weeks later, the
anti-oil varnish was washed away, and the teeth were
stored in artificial saliva (Table 2) at 37uC.

Remineralization of Enamel

Eighty teeth were randomly divided into four groups
(n 5 20) as follows:

—Group A: The demineralized area was coated with a
thin film of CPP-ACP tooth mousse (GC Corp, Tokyo,
Japan) every day for 5 minutes in artificial saliva.

—Group B: The demineralized area was coated with a
thin film of fluoride toothpaste (Colgate Palmolive
Corp, New York, NY) every day for 5 minutes in
artificial saliva.

Figure 1. Standard edgewise brackets with a slot size of 0.018 3

0.025 inches were bound on the labial surface of the bovine incisor,

and a 4 3 4 mm demineralized area was formed in the

demineralization buffer for 2 weeks.

Table 1. Composition of the Demineralization Buffer

Components* mMol (m mol/L)

Ca(NO3)2 2.2

KH2PO4 2.2

HAc 50

NaN3 1.0

NaF 0.1

NaOH –

* HAc indicates acetic acid; NaOH is used to adjust the pH value of

the solution to 4.5.

Table 2. Composition of Artificial Saliva*

Components wt/vol %(g/L)

NaCl 0.4

KCl 0.4

CaCl2.2H2O 0.795

NaHPO4.2H2O 0.78

Na2S.2H2O 0.005

Urea 1.0

H2O 1.0

* ISO/TR1027 Standard Artificial Saliva, pH 5 6.8.

934 WU, LIU, HOU

Angle Orthodontist, Vol 80, No 5, 2010



—Group C: The demineralized area was first coated
with a thin film of fluoride toothpaste for 5 minutes,
then with CPP-ACP tooth mousse for 5 minutes in
artificial saliva every day.

—Group D: The teeth were stored in artificial saliva of
37uC and not coated with any agent. The artificial
saliva was refreshed every 3 days.

The remineralization was arranged at 8:00 AM,
12:00 AM, and 5:00 PM. Afterward, the samples were
soaked in artificial saliva at 37uC after the CPP-ACP
tooth mousse was washed off with distilled water. The
duration of remineralization was 12 weeks, and at the
end of the 3rd, 6th, 9th, and 12th weeks, circularly
polarized digital images were taken.

Production of Circularly Polarized Digital Images

Standardized images of the teeth were taken using a
Canon Power Shot A720 IS digital camera (Canon Co,
Japan) with a 5.8–34.8 mm, 1:2.8–4.8, 6 3 IS Canon
Zoom Lens. The image size was set at 2048 3 1536
pixels, image quality fine, and ISO sensitivity 400.
Images were stored as a JPEG in the computer.

A CPL (HOYA Filter-Filtre, Tokia Co, Tokyo, Japan)
was used to produce the polarized images (Figure 2).
To standardize the photo-taking procedure, images
were taken at 9:00 AM every time, and before images
were taken, each tooth was dried with a triple spray for
15 seconds.

Computer-assisted Image Analysis of SDA
and MGL

Computer-assisted image analysis of 360 tooth
images was carried out using Adobe Photoshop CS2
Version 9.0 (Adobe Systems Inc, San Jose, Calif). A
specific area of known size on a ruler beside the teeth
was used for comparison for the SDA, and an area of
normal enamel was used as reference for the MGL.

The SDA and MGL were calculated as follows: SDA 5

Measured size of demineralized area on image/
Measured size of comparison area on image 3 Actual
size of comparison area on the ruler; MGL 5

(Measured MGL of demineralized area on image/
Measured MGL of normal enamel 2 1) 3 100.

Statistical Analysis

Statistical analyses were performed using the SPSS
13.0 software (SPSS Inc, Chicago, Ill). Repeated
measures variance analysis of three factors was used
to determine whether significant differences exist
between the SDA and MGL of the four groups at
different examination times. Multiple factors variance
analysis was used to determine whether there were
differences in the SDA and MGL among the different
groups at the same examination time. Pearson
correlation coefficients were computed to evaluate
the correlation between the SDA and MGL. A P value
, .05 was considered statistically significant.

RESULTS

As Figure 3 shows, the SDA in the four groups all
declined with time, and the rate of decline was
relatively low in the first three weeks. The rates of
decline in size in Group B and Group C were similar,
and the rate for Group D was the lowest in the four
groups. According to Table 3, at the end of the third
week, the SDA of Group C was smaller (P 5 .039) than
that of Group A. At the end of the 6th, 9th, and 12th
weeks, the SDA of Groups A, B, and C were all smaller
(P 5 .000) than that of Group D. The SDA of Group C
was smaller than that of Group A at the end of the 6th
week (P 5 .000), but it was not statistically different at
the end of the 9th and 12th weeks. The SDA of Group
C was smaller than that of Group B at the end of the

Figure 2. When the polarized images of each tooth (A) were taken,

pink paper (B) was used as background to imitate the condition of the

oral environment, and a tripod rest (C) helped to make sure the lens

was perpendicular to the surface of the teeth (D). The CPL (E) was

fixed in front of the lens via a piece of camera accessory to produce

polarized light.

Figure 3. Comparison of the SDA at different times in the four

groups: The SDAs in the four groups all declined with time, and the

rates of decline were relatively low in the first 3 weeks. There was a

rapid declining period in Group A from the 6th week to the 9th week.
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6th, 9th, and 12th weeks (P 5 .000, P 5 .005, P 5

.005, respectively). The SDA of Group A was smaller
than that of Group B at the end of the 9th and 12th
weeks (P 5 .013, P 5 .010, respectively).

In Figure 4, the MGL in the all four groups
decreased with time, and the rate of reduction was
different. The rates of decline in MGL in Groups A, B,
and C were similar, and Group D was the lowest in the
four groups. According to Table 4, at the end of the
third week, there was no statistical difference in the
MGL of the four groups. At the end of the 6th, 9th, and
12th weeks, the MGL of Group D was the highest in
the four groups. At the end of the sixth week, the MGL
of Groups A and C were lower (P 5 .012 and P 5 .000,
respectively) than that of Group B, while the MGL of
Group C was lower than that of Group A (P 5 .037). At
the end of the ninth week, the MGL of Group A and
Group C were lower than that of Group B (P 5 .017
and P 5 .000, respectively). The MGL of Group C was
lower than that of Groups A and B at the end of the
12th week (P 5 .004, P 5 .000, respectively). No
statistically significant correlations were detected
between SDA and MGL (Table 5).

DISCUSSION

In this in vitro study, we examined the effect of CPP-
ACP tooth mousse on bovine enamel remineralization
through the analysis of circularly polarized digital
images. Other studies have shown that bovine teeth
are similar to human teeth in physical characteristics

and chemical composition and are suitable for artificial
caries research.16 In addition, bovine teeth can be
easily collected from a slaughterhouse, and bovine
incisors, which are wide and smooth-surfaced are
convenient for taking digital images.

The demineralization of enamel adjacent to ortho-
dontic brackets is a widely studied phenomenon, and
the research about CPP-ACP is also a hot topic. The
anticaries role of CPP-ACP is related to its containing
calcium and phosphate, and the negative relationship
between caries and the presence of calcium and
phosphate has been generally accepted.17–20 At the
same time, the fluoride ion has been shown to reduce
the speed of demineralization and enhance the
reproduction of enamel crystals.21–24 When CPP-ACP
is combined with fluoride toothpaste, the fluoride ions
react with CPP-ACP to form casein phosphopeptide–
amorphous calcium fluoride phosphate. Reynolds25,26

established that the nanocomplex, casein phospho-
peptide–amorphous calcium fluoride phosphate, pro-
vided calcium, phosphate, and fluoride ions to the
surface of the teeth and therefore had a tremendous
effect on enamel remineralization. The results of our
experiment are consistent with these studies.

Image analysis of clinical digital photographs is a
promising method for detecting and measuring demin-
eralized areas and has attracted wide attention.27

However, because of light reflection from the environ-
ment and the flash light from the camera, which
produces a false white lesion on the surface of enamel,
the prevalence of enamel demineralization is usually
overestimated when evaluated by digital photographs.
A polarized filter removes unwanted reflections from
nonmetallic surfaces and elevates the precision of the
evaluation. Robertson and Toumba28 found that 100%
of polarized digital images were suitable for evaluating
enamel demineralization, whereas only 10% of non-
polarized digital images were valid. The studies of
Benson et al.29,30 demonstrated that linearly polarized
digital images had high repeatability in evaluating the
size of demineralized areas. However, LPL may
mislead the optic element of the camera to focus light,
and it is usually used in primitive manual cameras.31

CPL emerges after LPL, and it includes a thin
membrane of one-fourth wavelength that helps to
produce circularly polarized light.32,33 This kind of

Table 3. P Values of the Comparison of SDA at the Same Test Times

Groups

3 weeks 6 weeks 9 weeks 12 weeks

B C D B C D B C D B C D

A .123 .039* .578 .151 .000* .000* .013* .720 .000* .010* .825 .000*

B .593 .320 .000* .000* .005* .000* .005* .000*

C .128 .000* .000* .000*

* indicates P , .05.

Figure 4. Comparison of the MGL at different times in the four

groups: The MGL in the four groups all decreased with time, and the

rates of reduction were different.
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design makes CPL more suitable for up-to-date
automatic focusing and automatic exposure digital
cameras.34,35 Recently, cameras with an AF lens
mostly use CPL as polarizer. Therefore, we adopted
CPL to obtain clear images of the demineralized area.

In this study, we chose the SDA and MGL of the
demineralized area as parameters according to the
protocol of both Benson et al.15 and Livas et al.13 The
SDA represented the extent of the demineralized area,
and the MGL provided optical properties, such as
luminance of the demineralized area. According to
Benson and colleagues,15 the measurement of SDA is
more consistent and has a smaller random error when
using cross-polarization, while the measurement of
MGL shows a higher random error. Therefore, the
sensitivity of SDA in measuring remineralization is
higher than that of MGL. This explains why the sizes of
the white spots but not the grey levels were different at
week six among the groups. Other reports have shown
that enamel remineralization is evident in the first 3–
6 weeks, and it then progresses slowly and steadily
after 12 weeks. This may well explain why the
differences among the groups were evident in the

early period and then almost disappeared after
12 weeks. In our experiment, no correlation was
detected between SDA and MGL, and the relationship
between these two parameters calls for further study.

The results of this study indicate that the SDA and
MGL of demineralized enamel are positively reduced
when the enamel is treated with CPP-ACP tooth
mousse, and it is even more effective with the
combined application of fluoride toothpaste and CPP-
ACP tooth mousse.

This study provides information on the application of
a CPL to digital cameras in a clinical setting. Circularly
polarized images in this study are adequate for
evaluating enamel remineralization for orthodontic
purposes.

CONCLUSIONS

N All of the null hypotheses have to be rejected.
N CPP-ACP application can promote remineralization

of bovine enamel by decreasing the SDA and MGL.
The combination of fluoride toothpaste and CPP-
ACP tooth mousse improves the remineralization
effect.

N Computer-assisted image analysis of circularly po-
larized images is an effective method of detecting
enamel demineralization. Further research on the
application of this technique is warranted.
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