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ABSTRACT

Objective
The aim of this study was to evaluate the remineralization effect of CPP-ACP on tooth enamel that is eroded extrinsically.

Methods

Sixty freshly extracted bovine teeth were stored in a solution of thymol (0.1%), cut into enamel blocks (6x6mm), abraded with silicon carbide
sandpaper (600, 800 and 1200 grit) and polished with felt. The specimens were randomly divided into 4 groups (n=15), varying the immersion
medium , deionized water or citric acid, and the optional use of CPP-ACP. (G1: deionized water; G2: citric acid, G3: deionized water + CPP-
ACP; G4: citric acid + CPP-ACP). The samples were subjected to 4 cycles of erosion every day, comprising 5 minutes immersion in one medium
and 2 hours of immersion in artificial saliva, for 5 consecutive days. After each erosive cycle, 20 ul of the Ml Paste was applied for 5 minutes
on one half of the samples and washed with deionized water. Before and after the erosive cycling, the measurements of Vickers hardness and
surface roughness were taken.

Results

The results were evaluated through statistical testing. The final hardness and roughness values showed no statistically significant difference
between G2 and G4. The paste in G4 did not promote an increase in hardness values nor a decrease in roughness values.

Conclusion

It was concluded that CPP-ACP was unable to remineralize enamel subjected to extrinsic erosion, being ineffective in preventing
erosion of enamel and in the remineralization of the eroded enamel.

Indexing terms: Tooth remineralization. Tooth erosion. Dental enamel.

RESUMO

Objetivo
Avaliar o efeito de remineralizacdo do CPP-ACP sobre o esmalte dentéario erodido extrinsecamente.

Métodos

Sessenta dentes bovinos recém-extraidos, foram armazenados em solucao de timol 0, 1%, cortados em blocos de esmalte (6x6mm), desgastados
com lixas de carbeto de silicio (600, 800 e 1200) e polidos com feltro. Os espécimes foram distribuidos aleatoriamente em 4 grupos (n=15),
variando o meio de imersao, agua deionizada ou acido citrico; e o uso ou nao do CPP-ACP (G1: 4gua deionizada; G2: acido citrico; G3: 4gua
deionizada + CPP-ACP; G4: &cido citrico + CPP-ACP). As amostras foram submetidas a 4 ciclos erosivos diarios de 5 minutos de imersao em
um dos meios e 2 horas de imersao em saliva artificial, durante 5 dias consecutivos. Ap6s cada ciclo erosivo, 20 uL da pasta Ml Paste foram
aplicadas por 5 minutos em metade das amostras e lavadas com dgua deionizada. Antes e apds a ciclagem erosiva as mensuragdes de dureza
Vickers e rugosidade de superficie foram realizadas.

Resultados

Os resultados foram avaliados através de testes estatisticos. Os valores de microdureza e rugosidade final ndo apresentaram diferenca
estatisticamente significante entre os grupos G2 e G4. No G4 a pasta nao promoveu aumento nos valores de microdureza e nem diminuicdo
nos valores de rugosidade.

Conclusdo
Concluiu-se que o CPP-ACP nao foi capaz de remineralizar o esmalte submetido a erosao extrinseca, sendo ineficaz na prevencdo da erosao
do esmalte e na remineralizacdo do esmalte erodido.

Termos de indexacdo: Remineralizacdo dentdria. Erosao dentaria. Esmalte dentario.
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INTRODUCTION

Dental erosion is a new risk factor for oral health,
prompted by modern-day lifestyles and eating habits. It
is defined as the irreversible loss of dental tissue resulting
from frequent and long lasting, non-bacterial, chemical
attacks, that is, involving acidic substances of either
extrinsic or intrinsic etiology'?. Extrinsic factors, for the
most part, include the consumption of acidic foods and
carbonated drinks, energy drinks, red and white wine
and citric fruit3.

With the increased prevalence of dental erosion,
greater attention has been paid to investigating the
use of remineralizing agents, since several studies
have demonstrated that the eroded substrate can be
remineralized and that its resistance to abrasion can be
improved*®.

Casein, a phosphoprotein found in milk, has
been identified as one of the fractions of cow’s milk that
makes the mineral structure of the tooth more resistant
and less soluble to acid attack’. Enzymes present in
the oral cavity produce peptides from the casein,
forming casein phosphopeptides (CPP), responsible
for the remineralizing effect of the enamel. CPP has
the ability to stabilize the phosphate and the calcium,
keeping them in an amorphous or soluble form known
as ACP (amorphous calcium and phosphate), providing
a reservoir of ions during an acid attack on the tooth
surface, saliva and biofilm®. It is proposed that a fine
layer of this phosphoprotein forming on the surface
of the tooth may act as a barrier, restricting the access
of hydrogen ions, preventing the loss of calcium and
phosphate in the hydroxyapatite crystals®".

The inclusion of casein in products which are
readily available to the population would have the
effect of acting to minimize erosion. A product has
been launched on the market, for professional use, the
composition of which contains CPP-ACP. According to
the manufacturer, Ml Paste® (GC Corporation, Tokyo,
Japan), itis a water-based paste for topical use containing
Recaldent™ CPP-ACP, a casein derived from milk. When
the CPP-ACP is applied to the oral cavity, it bonds with
the biofilm, bacteria, hydroxyapatite and the soft tissue,
releasing the bioavailable phosphate and calciums''2,

In the literature, there is an element of controversy
concerning the effectiveness of CPP-ACP. While some
studies have not shown these agents to be particularly
favorable with regard to enamel erosion'"'3'4, other
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works have been demonstrating an increase in enamel
microhardness with the use of CPP-ACP and a protective
effect in the demineralization of human tooth enamel
under erosive conditions’'>'8. Consequently, the need
for further studies on the subject is justified.

With the increase in the prevalence of dental
erosion and the need for products that remineralize
the eroded dental tissue and prevent the progression of
lesions, the present study evaluates the effect of casein
remineralization (CPP-ACP) on enamel subjected to
dental erosion, comparing the values for Vickers hardness
and for surface roughness.

METHODS

Experimental design

Sixty blocks of bovine enamel, measuring 6 by
6 mm, were divided into 4 groups (n=15) according to
the medium used, namely MA (deionized water) and
MB (citric acid), and the surface treatment employed, TA
(without the use of CPP-ACP) and TB (with the use of
CPP-ACP). G1= MA, TA; G2= MB, TA; G3= MA TB; G4=
MB TB. The samples were subjected to 4 five-minute daily
cycles of immersion in one of the media and 2 hours of
immersion in artificial saliva, for 5 consecutive days. The
M Paste was applied for 5 minutes after each cycle and
the samples were rinsed in deionized water. Before and
after the erosive cycling, the variables Vickers hardness
and surface roughness were obtained for the different
test-specimens. The initial and final hardness and
roughness values were used to determine alterations in
the bovine substrate.

Sample preparation

Sixty freshly extracted bovine teeth selected for
the study were stored in a solution of thymol (0.1%) at
4°C for a period of 30 days. Enamel blocks measuring 6
mm x 6 mm were obtained with the aid of a Labcut 1010
metallographic cutting machine (ERIOS Equipamentos
Técnicos e Cientificos Ltda., Sado Paulo, Brazil) and a
diamond grinding disc (Extec Corp., Enfield, CT, USA),
with low concentration at low speed, and with constant
irrigation. With the aim of facilitating the handling of the
samples, they were inserted in silicone tubes containing
acrylic resin, with the buccal surface of the enamel facing
upwards. The test specimens were then abraded using
a Metalprisma polisher (ERIOS Equipamentos Técnicos



e Cientificos Ltda., Sao Paulo, Brazil) and 600, 800 and
1200 grit silicon carbide sandpaper (Extec Corp., Enfield,
CT, USA) and subsequently felt polished (Buehler, USA)
moistened with diamond pastes (6, 3, 1 and 0.25 pm)
for a period of 4 minutes per phase. In order to ensure
the samples remained parallel to the ground and to
allow a better reading of the variables analyzed, for each
sample a base was fabricated with autopolymerizing
acrylic resin on a manual sample press. The samples were
cleaned in an ultrasonic tank (Cristéfoli, Campo Mouréo,
Parana, Brazil) containing deionized water, for 5 minutes,
between one sheet of sandpaper and another at the end
of the process, in order to avoid residual granulation from
the previous sandpaper.

Vickers hardness

For the evaluation of Vickers microhardness, the
test specimens were placed separately in an HMV-2000
Shimadzu Microhardness Tester (Shimadzu Corporation,
Kyoto, Japan), under a load of 25 g, for 10 seconds.
Three readings were taken for each test specimen and
the arithmetic mean was calculated.

Surface roughness

Surface roughness was analyzed by a Surftest
301 roughness meter (Mitutoyo, Kanagawa, Japan). The
roughness standard used was the Ra, which represents
the arithmetic mean between the recorded peaks and
troughs. A 0.25 mm cut-off was used, required to
maximize the filtration of the surface undulation, and
on each surface, three readings were taken at different
positions and the arithmetic mean was calculated.

Erosive challenge

The erosive challenges were carried out in 2
different media: deionized water and citric acid (0.3%)
(m/v) with a pH of 3.25 (adjusted using sodium hydroxide),
at room temperature. The samples were immersed in
individual containers, each one containing 25 ml of each
solution, at room temperature, for 5 minutes, 4 times a
day. The specimens were washed in deionized water and
immersed in artificial saliva, pH 7.0 (25 ml/block) at room
temperature for 2 hours, between erosive challenges
and throughout the night, as proposed by Carvalho et
al."". The artificial saliva was made as per the study by
Moretto', with the following composition: 1.5 mmol/l
Ca(NO3)2¢4H20, 0.9 mmol/l NaH2PO4e2H20, 150
mmol/l KCI, 0.1 mol/l Tris buffer solution, 0.03 ppm F, pH
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7.0. The erosive challenges were repeated every day for
5 days. The media and artificial saliva were changed after
each erosive cycle. During the demineralization cycles,
the specimens remained in hermetically sealed containers
to prevent the solutions from evaporating.

After each cycle, 20 pL of product containing
CPP-ACP, MI Paste (GC Corporation, Tokyo, Japan) was
applied to the enamel surface of half of the specimens for 5
minutes, in accordance with manufacture’s instructions?.
The samples were washed in deionized water to remove
the product.

At the end of the period of the experiment, the
test specimens were submitted to new readings of surface
roughness and Vickers hardness, as previously described.

Statistical analysis

The values were submitted to statistical analysis
using the following normality tests: Shapiro-Wilk, t-test
for means, paired t-test, Mann-Whitney nonparametric
test and the Wilcoxon test, with a level of significance of
p < 0.05, using the statistical software programs BioEstat
5.3 and SPSS.

Roughness reading Ra (5401 com cut- Knoop hardness reading (shimadzu

off de 0,25 mm ) Micro Hardness Tester HMV-2000)

Figure 1. lllustrative diagram of the study methodology.

RESULTS

I. Microhardness

Comparison between groups

The Shapiro-Wilk normality test was applied,
observing that the hypothesis of normality was not rejected,
thus the t-test for means was applied (Table 1).
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Table 1. Comparison of initial and final microhardness between groups G1 vs G3 and G2 vs G4.

e . Standard
Point in time Groups Median Mean Deviation p-value
GT: Enamel + defonized 351.33 361.38 72.64
Initial 0.690*
G3: Enamel + paste +
deionized water 368.00 371.22 60.58
G1: Enamel + deionized
water 343.33 375.89 92.30
Final 0.699*
G3: Enamel + paste +
deionized water 373.00 365.60 42.10
G2: Enamel + citric acid 359.00 367.24 47.10
Initial G4: Enamel + paste + 0631
" Citric acid 363.67 377.40 65.92
G2: Enamel + citric acid 223.33 220.42 56.19
Final 0.095*
254.00 250.98 38.44
Note: * T-test for means
Comparing the initial and final microhardness values ~ Comparison between points in time
between the groups G1 vs G3 and G2 vs G4, there was no Here we have a paired sample, i.e. the measurement
statistically significant difference between the tested groups  of the same test specimen is taken at two distinct points in
in results found. time. A parametric test was applied - the paired t-test (Table 2).
Table 2. Comparison of microhardness between the initial and final points in time for each group.
L . Standard
Groups Point in time Median Mean Deviation p-value
G1: Enamel + deionized "
Initial 351.33 361.38 72.64
water 0.664
Final 343.33 375.89 92.30
G2: Enamel + citric acid Initial 359.00 367.24 47.10
0.000
Final 223.33 220.42 56.19
G3: Enamel + paste + o
deionized water Initial 368.00 371.22 60.58
0.759
Final 373.00 365.60 42.10
G4: Enamel + paste + o
citric acid Initial 363.67 377.40 65.92
0.000
Final 254.00 250.98 38.44
In the comparison between the initial and final points I Surface roughness
in time of each group, a statistically significant difference .
was found between the two points in time in groups G2 Comparison between groups
and G4. In these two groups subjected to acid attack, the The Shapiro-Wilk normality test was applied. It was
microhardness values decreased. observed that the hypothesis of normality was rejected in
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nearly all the groups. This being the case, the Mann-Whitney
nonparametric test was applied (Table 3).
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between the groups G1 vs G3 and G2 vs G4, there was
no statistically significant difference in results between the

Comparing the initial and final roughness values

tested groups.

Table 3. Comparison of initial and final Roughness between groups G1 vs G3 and G2 vs G4.

Standard

Point in time Groups Median Mean Deviation p-value
G1: Enamel + deionized 0.05667 0.05889 0.01074
Initial o3 | 0.051
: Enamel + paste +
deionized water 0.05000 0.05244 0.00527
G1: Enamel + deionized 0.06333 0.07333 0.04088
Final water 0.082
G3: Enamel + paste + ’
deionized water 0.05000 0.07489 0.05996
G2: Enamel + citric acid 0.05000 0.05933 0.01715
Initial GaE | ) 0.892
: Enamel + paste +
citric acid 0.05000 0.05622 0.00916
G2: Enamel + citric acid 0.43667 0.59356 0.42367
Final Ga E | N 0.165
- Enamel + paste + 0.38000 0.37600 0.13972

citric acid

Comparison between moments in time

In the comparison between the initial and final

A nonparametric test was also applied here.
Here we have a paired sample, i.e. the measurement
is taken on the same test specimen at two different
points in time, so the Wilcoxon test was applied (Table
4).

points in time in each group, a statistically significant
difference was found between the points in time
in groups G2 and G4. In these groups, there was an
increased roughness with the use of citric acid, that
remained in an altered state after the use of the paste.

Table 4. Comparison of roughness between the start and end moments in each group.

L . Standard
Groups Point in time Median Mean Deviation p-value
G1: Enamel + deionized Initial 0.05667 0.05889 0.01074 0362
water :
Final 0.06333 0.07333 0.04088
Initial 0.05000 0.05933 0.01715
G2: Enamel + citric acid 0.001
Final 0.43667 0.59356 0.42367
Initial 0.05000 0.05244 0.00527
G3: Enamel + paste + 0.292
deionized water . '
Final 0.05000 0.07489 0.05996
. Initial 0.05000 0.05622 0.00916
G4: Enamel + paste + 0.001
citric acid Final 0.38000 0.37600 0.13972
DISCUSSION

In the present study, it was observed that the
paste containing CPP-ACP was not capable of preventing

mineral dissolution caused by exposure to citric acid,
permitting a fall in microhardness values and an increase
in surface roughness values similar to the control group,
and was, therefore, ineffective in remineralizing the
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enamel subjected to simulated, extrinsic erosion. In
addition, it was unable to harden the enamel that was
not subjected to acid attack through mineral gain, and
did not promote an increase in microhardness values in
the positive control group.

The use of toothpaste would be the preferred
mode of topical availability of CPP-ACP, as toothpastes
are routinely used in oral hygiene. Accordingly, the
use of Ml Paste as a toothpaste in the present study is
justified?'. Studies by Wegehaupt & Attin'?, Rallan'and
Carvalho™ which found similar results to our study, used
the provision of CPP-ACP through the use of toothpaste,
unlike the studies by lijima’, Cai et al.’, Prestes' and
Alencar'” in which the CPP-ACP was released on to
the enamel with the use of chewing gum, which may
explain the difference found in the results. The paste
was applied after the erosive challenge with the aim
of making the conditions as close as possible to reality,
with cleaning performed normally after eating.

In vitro results must be interpreted with caution
as mineral dissolution may be influenced by the presence
of acquired film in actual clinical conditions??. In addition,
in the action mechanism of the products derived from
milk proteins, the presence of acquired film and plagque
is necessary and the process of dental erosion in the
initial stages causes a loss of salivary organic substances
that cover the tooth surface, i.e. the film?. Hence, it is
believed that a limitation occurs for the reversal of the
process of loss of mineral structure, due to erosion by
these products.

In the present study, as in the studies by
Wegehaupt & Attin'3, Rallan' and Carvalho'', there was
no biofilm and/or bacterial plaque present, which might
have influenced the results, as in all of these studies
the CPP-ACP complex was not effective in combating
erosion. As for the studies of lijima’, Cal'®, Prestes'® and
Alencar'’ there was a presence of acquired film and the
results for the use of CPP-ACP were favorable.

It is important to stress that the erosive potential
in in vitro studies are overestimated and the role of the
products underestimated since they do not encompass
all intra-oral events?*. On the other hand, it should be
emphasized that the remineralizing action of the saliva
in in vivo studies’”'>" could mask the actual effect of
the CPP-ACP.

Several authors have shown that different
lengths of exposure for acidic beverages result in very
different estimates of erosive potential and that the
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choice of study methodology can affect the results
of the study?'. In the study by Carvalho'" the erosive
challenge was conducted for five minutes, four times
a day for 5 days, similar to the present study, and
both produced the same result. The difference in the
choice of methodology could explain the difference in
the results found between the different studies. Young
and Tenuta? in 2011 stated that, in an actual clinical
situation, the period of time during which the pH
remains low, is usually no longer than 2 minutes. Thus,
the erosive challenge selected for the present study may
be considered moderate to intense, which also explains
the results found.

The decision was taken to store the fragments
of enamel in saliva because the literature maintains that
saliva provides better protection against mineral loss
through erosion, than when stored in distilled water?®,
as well as the fact that the protective potential of saliva
was described in the literature as the most important
biological factor in the pathogenesis of dental
erosion?”:28,

Although some research studies have shown
that CPP-ACP might be able to control demineralization
of enamel and even prevent erosive lesions, its efficacy in
a clinical environment is still debatable. In vitro studies,
even when well managed, possess certain limitations as
they are not carried out in the oral environment and,
therefore, do not suffer interference from the medium,
for instance from saliva, temperature, microorganisms
and enzymes. Moreover, the present study did not
perform a comparison between the groups in terms of the
quantity of enamel lost after the erosive challenge and,
therefore, it is not possible to state with any precision
that the groups exhibit the same characteristics.

CONCLUSION

Based on the results obtained, it may be concluded
that the use of toothpaste containing CPP-ACP was not
capable of preventing erosion of the enamel and the
increase in roughness caused by exposure to citric acid.
Although the use of paste containing CPP-ACP seems
promising, there is still insufficient scientific evidence for
clinical use, which is justification for the performance
of further studies to improve the understanding of the
material’s actions, before it can be used clinically. Thus,
new clinical and experimental studies are required to
evaluate the actual efficacy of these products.
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