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he aim of this study was to compare the effect of topical fluoride products [acidulated phosphate fluoride (APF) or neutral
gel (NF) x fluoride toothpaste (MFP)], in respect to fluoride uptake and anticariogenic action. One hundred and twenty five
blocks of human teeth, sorted in 5 groups according to the treatment, were submitted to pH cycling for ten days. The
parameters analyzed were: fluoride uptake before and after pH cycling and surface (SMH) and cross-sectional (CSMH)
microhardness of the enamel blocks. The results of fluoride concentration in enamel after the pH cycling showed an enhancement
of fluoride uptake for all groups compared to sound control. No significant differences between APF and MFP were observed
for surface microhardness, percentage change of surface microhardness and mineral loss. The volume percent mineral obtained
from cross-sectional microhardness demonstrated that APF has a different lesion progression rate regarding subsurface
carious lesion. The results suggest that professionally applied fluoride gel or frequent fluoride application in low concentration
is a positive preventive measure for the control of dental caries.
UNITERMS: Dental Caries, prevention & control; Fluoride.
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ABSTRACT

RESUMO

O objetivo do presente estudo foi comparar in vitro o efeito da aplicação tópica de flúor na forma de gel acidulado (FFA)
ou neutro (FFN) com um dentifrício fluoretado (MFP), na incorporação e ação anticariogênica do flúor. Foram utilizados 125
blocos obtidos de esmalte humano, divididos em 5 grupos de acordo com o tratamento e submetidos à ciclagem de pH durante
dez dias. Analisou-se o flúor incorporado antes e depois da ciclagem de pH; a microdureza superficial (SMH) e a microdureza
interna do esmalte (CSMH). Os resultados da concentração de flúor no esmalte após a ciclagem indicou uma maior quantidade
de flúor incorporado para todos os grupos comparados ao grupo controle sadio. A microdureza superficial entre APF e MFP,
assim como a porcentagem de alteração da microdureza superficial e a perda mineral não mostraram diferenças estatísticas. A
porcentagem de volume mineral obtida a partir da microdureza em secção longitudinal demonstrou que o APF tem um padrão
melhor na formação da cárie subsuperficial. Os resultados sugerem que o uso de géis acidulados ou a freqüente aplicação de
flúor em baixa concentração são medidas eficazes para o controle da cárie dental.

UNITERMOS: Cárie dentária, prevenção & controle; Flúor.

INTRODUCTION

According to Clarkson2, the reduction in dental caries
prevalence observed during the last decades is explained

by the wide use of fluoride. Tooth decay is a consequence
of the unbalance between the demineralization and
remineralization process. Fluoride present in plaque and
enamel fluids can control the development of tooth decay,
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inhibiting demineralization and activating the
remineralization process. Published studies suggest that
this reduction is mainly related to the use of topical fluoride
products, such as toothpastes and gels.

In Brazil, only 25% of the toothpastes available on the
market were fluoridated3 before September 1988. At that time,
fluoride was added to the toothpaste “Kolynos Super
Branco”* . Today this brand has a market share of about
50%. The greatest advantage of fluoride toothpastes
compared to other forms of topical application is the regular
exposure to low fluoride concentration, providing small
fluoride concentration increases in the enamel surface15.
There is strong evidence that the low prevalence of tooth
decay in developed countries is owed to the widespread
use of fluoridated toothpastes1.

Convenience, acceptance by the patients, short
application time and satisfactory results are some of the
reasons that justify the wide use of fluoridated gels by
dentists11, 24.

Heath, et al.10 evaluated fluoride concentration in saliva
after the use of toothpastes, mouthwashes and gels
administered in different ways and concluded that salivary
retention does not necessarily measure the amount of
fluoride incorporated in enamel and, as a consequence, the
final effect of the analyzed products. Therefore, in order to
evaluate the effectiveness of fluoridated products available,
in vitro and in vivo studies are required.

Hence, the purpose of the present study was to compare
the effect of professionally applied acidulated or neutral
gels with fluoride toothpaste, in relation to fluoride
incorporation and cariogenic action.

METHODS

Experimental Design

One hundred and twenty-five enamel blocks measuring
4 x 4mm obtained from impacted human third molars were
stored in 2% formaldehyde solution pH 7.022 for one month.
The surface of these blocks was polished to remove
approximately 50µm of enamel8, which led to their selection
through surface microhardness analysis. Thus, the 125
enamel blocks were randomized in 5 groups. One hundred
blocks were submitted to pH cycling during 10 days.
Treatment with acidulated or neutral gels was done
immediately before the pH cycling. The blocks of the fluoride
dentifrice group received daily treatments during pH cycling.
The enamel blocks of the sound control (SC), neutral gel
(NF) and acidulated gel (APF) groups, which were not
submitted to pH cycling, were stored in humid formaldehyde
environment for further analysis. After the experiment,
surface and cross-sectional enamel microhardness and
fluoride determination were made in all enamel blocks,
including those not submitted to pH cycling.

Division of the groups

The 125 blocks were randomized in 5 groups:
- acidulated gel - APF (n=31): treatment with acidulated

phosphate fluoride gel. Fluoride uptake was evaluated
immediately after the gel application (n=10) or after the pH
cycling (n=10); surface and cross-sectional microhardness
were performed in 11 blocks;

- neutral gel - NF (n=31): treatment with sodium fluoride
neutral gel. Fluoride uptake was evaluated immediately after
the gel application (n=10) or after the pH cycling (n=10);
surface and cross-sectional microhardness were performed
in 11 blocks;

- fluoride toothpaste - MFP (n=21): the treatments were
carried out twice a day with a monofluorphosphate dentifrice
during the pH cycling. Fluoride uptake was evaluated in ten
blocks after submitting them to pH cycling; surface and
cross-sectional microhardness were performed in 11 blocks;

- carious control - CC (n=21): the blocks did not receive
any treatment during the pH cycling. Fluoride uptake was
evaluated immediately after the pH cycling (n=10); surface
and cross-sectional microhardness were performed in 11
blocks;

- sound control - SC (n=21): these blocks were not
submitted to pH cycling. Fluoride uptake was evaluated
before the pH cycling (n=10); surface and cross-sectional
microhardness were performed in 11 blocks;

Treatments and pH cycling

The blocks of each group were submitted for 10 days to
a pH cycling model simulating a high cariogenic challenge,
based on Featherstone, et al.7. The blocks were kept in a
demineralizing solution (2.0 mmol L-1 calcium, 2.0 mmol L-1

phosphate in 0.075 mol L-1 acetate buffer, pH 4.3) for 6h
(20mL per block), and in a remineralizing solution (1.5 mmol
L-1 calcium, 0.9 mmol L-1 phosphate, 150 mmol L-1 of KCl in
0.1 mol L-1 Tris buffer, pH 7.0) for 18h (10mL per block).
During the weekend, the enamel blocks were stored in the
remineralizing solution; fresh de- and remineralization
solutions were used for the next 5 days. Residual fluoride
was found in the fresh demineralizing (0.08 ppm) and
remineralizing (0.07 ppm) solutions.

All blocks’ surfaces were protected with wax, except for
a circular area of enamel measuring 3.14mm2. Before the pH
cycling, the enamel blocks from the APF and NF groups
were submitted to fluoride gel treatment with acidulated
fluoride (Nupro – Dentsply Industries, Petrópolis, RJ, Brazil,
1.23% F, 0.1 mol L-1 of phosphoric acid, pH 3.6 to 3.9) or
sodium fluoride neutral (Nupro – Dentsply Industries,
Petrópolis, RJ, Brazil, 2% NaF, pH 6.5 to 7.5), which were
applied for 4 minutes using a cotton swab. After application,
excess gel was removed with cotton wool and the blocks
were immersed in stimulated human saliva (1.0mL per block)
during 30min to simulate the residual effect of fluoride in

* Nowadays named Sorriso (1500 ppm F as sodium monofluorphate)
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saliva that occurs after a professional topical application.
The blocks were washed with a jet of deionized water for
approximately 30s and lightly dried with absorbent paper.

The blocks from the MFP group were submitted to
dentifrice treatment during the pH cycling. A fluoridated
dentifrice (MFP) containing 1,200µg F/g from Na2FPO3,
CaCO3-based abrasive (Sorriso, Kolynos of Brazil) was used.
The treatment regimen consisted of 5-min soaks under
agitation in 30mL of 33% (w/v) dentifrice/stimulated human
saliva slurries, 2 times a day (before and after a demineralizing
period) to simulate tooth-brushing exposure.

Microhardness Analysis

Surface and cross-sectional enamel microhardness
measures were made using a Shimadzu HMV-2000
microhardness tester (Shimadzu Corporation, Kyoto, Japan).
For surface microhardness (SMH), five indentations were
made in the center of the enamel block, as described by
Delbem and Cury5.

To perform cross-sectional microhardness (CSMH) tests,
the blocks were longitudinally sectioned through the center
of the isolated area. The two halves were embedded in acrylic
resin so that the cut section was exposed and gradually
polished. Three sequences of eight indentations were made
at 20, 40, 60, 80, 100, 120, 240 and 480µm from the outer
enamel surface, spaced 100µm from each other5. The mean
values were calculated at each distance and the values were
converted to mineral content (volume percent mineral x µm)6.
Then, mineral loss (∆Z) was calculated subtracting the area
under the curve of sound control blocks from the area under
the curve of each treatment. The result was used to compare
the groups.

Analysis of Fluoride Concentration in Enamel

Fluoride concentration was evaluated in sound enamel,
after fluoride gel application (before pH cycling) and after
the pH cycling. From each block, a layer of enamel was
removed by immersion in 0.5mL of 0.5 mol L-1 HCl for 60 s
under agitation. Fluoride was determined according to Koo
and Cury13 and was expressed in µg F/mm2 of enamel. The

amount of enamel removed by the biopsy was calculated by
the colorimetric determination of inorganic phosphorus
using a digital spectrophotometer (U-100 Spectrophotometer
Hitachi), as described by Fiske and Subarrow9. An enamel
layer of 41.8±2.2µm (mean±SD) was removed from the blocks.

Statistical Analysis

Data obtained from the enamel fluoride concentration
and % vol. min. x µm was submitted to the analysis of
variance and to the Tukey test at 5% of significance. For
SMH, %SMHC and ∆Z, the non-parametric multiple
comparisons tests (Kruskall-Wallis) were applied to
distinguish significant differences between the treatments
at 5%.

RESULTS

Microhardness of Enamel Blocks

Table 1 shows that surface microhardness of enamel
(SMH) was significantly higher in the enamel blocks treated
with fluoride dentifrice (MFP) and acidulated gel (APF) when
compared to carious control and neutral gel (p<0.05). The
APF and MPF groups also showed the greater reduction in
mineral loss. However, no significant differences were
observed between these two treatments. Also, it was verified
that the enamel blocks treated with neutral gel showed
significantly higher surface microhardness values leading
to a reduction in mineral loss when compared to carious
control. All treatment groups showed significantly lower
surface microhardness and an increase in mineral loss when
compared to sound control. Figure 1 shows the percent
mineral loss vs. depth for each treatment. It was possible to
observe that APF had an enhancement on % vol min at the
distance from 20µm to 40µm of depth while the other
treatments had this enhancement only at the interval from
40µm to 60µm of depth.

ANALYSES
TREATMENT SMH*   % SMHC**    ∆   ∆   ∆   ∆   ∆Z***

SC 352.0 ±4.1a - -
CC 95.2 ±5.9b - 74.3 ±4.1a 4074.9 ±1494.6a

APF 152.2 ±12.2c - 54.7 ±11.3b 909.7 ±400.3b

NF 124.2 ±7.6d - 66.4 ±4.7c 2637.8 ±1221.7c

MFP 168.3 ±10.1c - 54.2 ±7.4b 1256.7 ±498.1b

Means followed by distinct letters are statistically different (p<0.05). *Surface microhardness, **Percentage of enamel

surface microhardness change, ***Mineral loss.

TABLE 1- Enamel blocks analyses according to the treatment (mean±SD, n=11)
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Analysis of Fluoride Concentration in Enamel

With respect to fluoride (mg/µm2) in enamel at 41.8 ±
2.2µm from the surface, the data (table 2) showed higher
concentration in enamel blocks for APF and NF groups when
compared to sound control group (p<0.05). The fluoride
concentration in enamel due to the previous acidulated gel
application (APF) decreased significantly after pH cycling,
but increased with neutral gel (NF) treatment (p<0.05). The
concentration of fluoride in enamel blocks for groups CC,
APF and NF was lower than that for MFP group (p<0.05);
however, the differences between them were not significant
(p>0.05).

DISCUSSION

The APF gel applications as well as fluoride toothpastes
have been used extensively and their anticariogenic
properties have been evaluated through laboratory, clinical
and epidemiological studies.

The aim of the present study was to compare, in vitro,
the effect of topical application of acidulated or neutral gel
with a fluoride toothpaste, in relation to the incorporation
and anticariogenic action of fluoride. There are no data
comparing the cariostatic effect of those products in a caries
dynamics protocol, which has an acid phase and a
remineralizing period with the presence of calcium,
phosphate and a low fluoride concentration similar to the
mouth’s cariogenic challenge. According to ten Cate20, the
best way to simulate the in vivo environment is through the
use of in vitro cycling demineralization/remineralization
model, which is equivalent to the dynamics of tooth decay
development. In order to get valid results, the in vitro studies
should use methodologies that simulate what happens in
the mouth4 as well as techniques with results presenting
correlation with in vivo studies18. Thus, since the developed
formulation is not totally innovated, these tests, when
appropriately delineated, can attest equivalence of relative

effect to clinical studies.
The present study used a pH cycling model7, which

simulates a high cariogenic challenge during 4 weeks. The
6-hour acid challenge has clinical correlation to what
happens when the patient frequently ingests sugar-
containing products and fails to remove dental plaque. The
5-min soaks of toothpaste treatment simulate the retention
period of fluoride in the mouth and the remineralization
solution mimics the saliva repair period7. Therefore, the
results of this study may have some correlation with the
clinical situation.

The purpose of SMH evaluation was supported by
White22 that a strong correlation (r = 0.94) may be achieved
between remineralization measured by this technique and
enamel remineralization measured radiographically. Cross-
sectional microhardness was used according to
Featherstone, et al.6 and Kielbassa, et al.12 to evaluate the
resistance to demineralization considering that there is a
good correlation (r = 0.91) between enamel microhardness
and mineral loss in carious lesion.

When fluoride is present, a reduction in mineral loss and
fluoride uptake by the enamel happens simultaneously
during the development of tooth decay. Although the carious
control group was not treated with fluoride, the fluoride
concentration was similar to APF and NF after the pH
cycling. Also, the group treated with neutral gel presented a
statistically higher fluoride concentration after the pH
cycling when compared to the values previously obtained
and significant differences were observed between APF and
NF before the pH cycling. These observations are probably
due to the fluoride presence in the demineralization and
remineralization solutions; at lower pH more enamel is
dissolved during the demineralization phase of the cycle,
providing additional reactive sites (porosities); and the
decay process causes reduction in the crystals’ size21, 23.

FIGURE 1- Microhardness profiles as volume percent

mineral (% vol min) versus distance from outer enamel
(ìm) according to the treatment (n=11). Means followed by

distinct letters are statistically different (p<0.05).

TREATMENTS BEFORE pH- AFTER pH-
CYCLING CYCLING

SC 4.7 ±2.9a -
CC - 12.9 ±4.1b,d

APF 16.3 ±4.4b 12.3 ±4.0d

NF 8.4 ±3.9c 12.3 ±2.7d

MFP - 21.9 ±4.2e

TABLE 2- Fluoride uptake in enamel (mg F/µm2) before
and after pH cycling according to the treatment (mean ±

SD; n=10)

Means followed by distinct letters are statistically different
(p<0.05).

Letters show difference between fluoride concentration in
enamel, before and after pH cycling, for each group as

well as between groups.
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It was not possible to observe a typical subsurface
carious lesion in the APF group (fig 1). Unlike the values
obtained from enamel surface microhardness analysis, the
results of mineral loss (∆Z) showed that the treatment with
APF did not statistically differ from the treatment with
fluoride toothpaste. These results suggest that APF may
have a different lesion progression rate when compared to
neutral gel or fluoride toothpaste. At 60µm, both MFP and
APF treatments did not statistically differ from sound
control.

It is known that not all soluble fluoride is active on in
vitro tests7, 22. In this study, the presence of soluble fluoride
on MFP group can be confirmed by the reduction of
%SMHC and ∆Z, as well as by the highest fluoride uptake
value after the pH cycling. This result was obtained mainly
because human saliva was used to better simulate the
hydrolysis that occurs in the oral cavity due the presence
of phosphatases16.

According to Padilla and Davis17, the most important
mode of action of fluoride occurs through low and constant
fluoride levels in the saliva. Fluoride toothpaste is an
important way for prevention and/or remineralization of initial
carious lesions since it is widely used. The key for improving
oral health is the use of appropriate fluoride toothpaste
associated to satisfactory oral hygiene.

Regarding cost-benefit relationships, the use of
professionally applied fluoride gels has been questioned in
children with low caries experience. Therefore, the daily use
of fluoride gels during toothbrushing has been suggested14.
This could add the benefit of a product with anticariogenic
ability to the low cost and short operational time of self-
applied procedures. APF can be of great usefulness in
countries with high caries activity, low level of basic
prevention and a disorganized oral health care system. In
those countries, any preventive program seems to be
effective19 since effective and free of charge oral health care
is not supplied to the population14.

The results of the present work showed that products
with high fluoride concentration could be tested in patients
with caries activity until lesion arrestment. Frequent fluoride
application in low concentration could also be efficient for
tooth decay control. The regular use of fluoride toothpastes
could be a beneficial preventive measure for all countries,
independent of caries experience and oral health care.
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