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In vitro evaluation of fluoride products 
in the development of carious lesions in 
deciduous teeth

Abstract: The purpose of this study was to evaluate the effect of the ap-
plication of fluoride products on the development of enamel caries in de-
ciduous teeth. A total of 108 deciduous teeth were chosen for the study. 
Acid-resistant varnish was applied on the teeth, leaving only one area 
of 5 mm x 1 mm of dental enamel exposed. The teeth were allocated 
randomly to one of the following groups: 1) control – toothpaste without 
fluoride; 2) 1.23% fluoride gel; 3) Duraflur fluoride varnish; 4) Duraphat 
fluoride varnish; 5) Fluorniz fluoride varnish; 6) Fluorphat fluoride var-
nish; 7) varnish with Duofluorid; 8) 12% silver fluoride diamine (Carie-
stop); 9) children’s fluoride toothpaste (500 ppm). The tested products 
were applied on the teeth according to the manufacturer’s recommenda-
tions and the teeth were stored in a moist environment for 24 hours. Each 
group of teeth was then subjected to a pH cycling model for 14 days, 
after which the teeth were cut through the center for an analysis of the 
depth of the carious lesion by polarized light microscopy. Comparisons 
were made between the treatments and the control group. The mean le-
sion depth values were 318 µm ± 39 (control), 213 µm ± 27 (fluoride gel), 
203 µm ± 34 (Duraflur), 133 µm ± 25 (Duraphat), 207 µm ± 27 (Fluor-
niz), 212 µm ± 27 (Fluorphat), 210 ± 28 (Duofluorid), 146 ± 31 (Carie-
stop) and 228 ± 24 (fluoride toothpaste). None of the products used here 
was able to completely prevent the formation of lesions. The highest cari-
ostatic effect was achieved by fluoride varnish Duraphat and the lowest 
by the fluoride toothpaste.
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Introduction
Despite the changes in the paradigms of Dentist-

ry, whereby preventive measures replace isolated re-
storative treatment and the treatment of the disease 
substitutes the treatment of signs and symptoms, 
dental caries is still the principal dental disease.1

Some authors have highlighted the multifactorial 
nature of caries, emphasizing the combination of 
biological, environmental and behavioral factors.2 
The high consumption of sugars, especially saccha-
rose, the absence of fluoride therapy and poor oral 
hygiene have been indicated as risk factors for the 
development of dental caries.3

The most common clinical expression of den-
tal caries disease in young children is ECC (Early 
Childhood Caries), which is characterized by the in-
volvement of deciduous teeth as soon as they erupt.4 
ECC is a serious public health problem that affects 
both developing and industrialized countries.5

In addition, the literature reports that 1- to 3-
year-old children who ingest fluoride toothpaste be-
come highly susceptible to develop fluorosis.6 Hence, 
there is clearly a need for a differentiated treatment 
philosophy involving preventive and therapeutic 
measures to prevent the appearance of new lesions, 
deter existing ones, and prevent the development of 
fluorosis. In this context, the rational use of fluoride 
is crucial.7 According to Chedid8 (1999), the anticar-
ies effect is not impaired when a minimum amount 
of fluoride toothpaste is used by children at the age 
of risk of developing fluorosis.

The topical application of substances containing 
high concentrations of fluoride on tooth surfaces, 
such as varnishes, gels and silver diamine fluoride, 
leads to the deposition of calcium fluoride and silver 
phosphate, in the case of diamine. The dissolution 
of these compounds is responsible for the cariostat-
ic effect of these substances.9 It is believed that the 
slower this dissolution, the greater the cariostatic ef-
fect, which can be achieved through the application 
of silver diamine fluoride.10

In addition to these properties, the low cost of sil-
ver diamine fluoride, its easy application, short clin-
ical time, and halting of dentinal sensitivity, which 
is very common in ECC, are factors that render it 
a viable alternative for use in pediatric dentistry, 

especially in economically less-favored regions. On 
the other hand, fluoride varnishes are another op-
tion, although imported varnishes cost four to eight 
times more than national ones. However, several 
reports have confirmed their effectiveness,11,12,13,14,15 
which is not the case of national varnishes. The use 
of fluoride products has been the object of research 
in permanent teeth and, to a lesser extent, in decidu-
ous teeth. Thus, the aim of the present study was to 
investigate the effect of fluoride products in the de-
velopment of caries in the enamel of deciduous teeth 
using polarized light microscopy, and assess which 
of the fluoride products have the highest ability to 
prevent the development of enamel caries in decidu-
ous teeth.

Materials and Methods
One hundred and eight caries-free deciduous 

teeth were selected, devoid of stains or any other de-
fects visible under a stereoscopic magnifying glass. 
The teeth were supplied by the tooth bank of the 
School of Dentistry, Federal University of Alagoas. 
After their selection, the teeth were immersed in 
0.1% thymol and stored in a refrigerator until their 
use.

Before using the teeth, they were cleaned with 
pumice and water, after which they were distributed 
into random groups, as follows: 1) control – tooth-
paste without fluoride; 2) fluoride gel (1.23% FFA, 
Nupro, Dentsply, Petrópolis, RJ, Brazil); 3) Dura-
flur varnish (2.26% F, Herpo, Dentsply, Petrópolis, 
RJ, Brazil); 4) Duraphat varnish (2.26% F, Woelm 
& Pharma Co., Eschwege, Germany); 5) Fluorniz 
varnish (5% NaF, SS White, Rio de Janeiro, RJ, 
Brazil); 6) Fluorphat varnish (NaF-Inodon, Curi-
tiba, PR, Brazil); 7) Duofluorid XII varnish (FGM, 
Joinville, SC, Brazil); 8) 12% Silver fluoride diamine  
(Cariestop – Biodinâmica, Botucatu, SP, Brazil); 
9) Children’s fluoride toothpaste (500 ppm F, Col-
gate Baby, Colgate-Palmolive, Osasco, SP, Brazil). 
Each group consisted of 12 teeth. A layer of acid-
resistant varnish was applied on all the faces of the 
teeth, leaving only one 5 x 1 mm area of enamel 
exposed.16 The fluoride products were applied ac-
cording to the manufacturers’ instructions and the 
treated teeth were stored for 24 hours in a moist 
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environment. This storage period was followed by 
prophylaxis using pumice stones and deionized wa-
ter, after which the groups were subjected to 10 pH 
cycles for 14 days, as proposed by Chedid8 (1999). 
To this end, the teeth were immersed for 3 hours in 
a demineralizing solution (2.0 mM of calcium and 
phosphate in 75 mM acetate buffer at pH 4.3) at a 
temperature of 37ºC. The teeth were then washed in 
deionized water, dried with paper towels and placed 
in a container with a remineralizing solution (cal-
cium 1.5 mM/L, phosphate 0.9 mM/L, potassium 
chloride 150 mM/L, and cacodylate buffer 20 mM/
L, pH 7.0), where they were left for 21 hours.

Before and after immersion in the demineral-
izing and remineralizing solutions, groups 1 and 9 
were treated with the dentifrice. The other groups 
received a second application of their respective 
products after 7 days. The de- and remineralizing 
solutions were changed daily to prevent depletion 
or saturation of the solution and accumulation of 
enamel dissolution products. After the pH cycles, 
the teeth were cut with a double-faced diamond 
disk coupled to a cutting machine and prepared for 
analysis by polarized light microscopy to determine 
the presence or absence of carious lesions and the 
depth of the lesions. Comparisons were made of 
the average depth of each treatment and the con-
trol group and between the groups. The data were 
analyzed statistically by variance analysis (ANOVA) 
and Tukey’s multiple comparison test with a 5% 
level of significance. This work was approved by the 
Ethics and Research Committee of the Federal Uni-

versity of Alagoas (UFAL), under process number 
000067/2006-99.

Results
The fluoride products used here augmented the 

reduction of the depth of the lesions when compared 
with the control group, and this difference was sta-
tistically significant (p < 0.05) (Table 1). The reduc-
tion varied from 28% to 58%.

Among the fluoride varnishes, there was a varia-
tion of 58% to 33% in the reduction of lesion depth. 
A statistically significant difference (p < 0.05) of 
25% was found between the varnish with the lowest 
cariostatic effect and the varnish with the highest 
effectiveness in reducing carious lesions.

The effect of Duraphat fluoride varnish and 
Cariestop silver diamine fluoride did not differ 
significantly (p > 0.05); however, they showed a sta-
tistically significant difference (p < 0.05) when com-
pared with the other fluoride products.

The comparison between the fluoride tooth-
paste and acidulated phosphate fluoride revealed a 
difference of 5% in the reduction of lesion depth, 
although this difference was not statistically signifi-
cant (p > 0.05).

Discussion
The enamel of deciduous teeth is only half as 

thick as that of permanent teeth.17 Moreover, it has a 
lower mineral content and higher organic content,18 
rendering it more susceptible to carious lesions than 
the enamel of permanent teeth.17

Group
Average depth (µm) of the 
lesion ± standard deviation

Reduction of lesion depth 
compared with the control group

Dentifrice w/o fluoride (Control) 318 ± 39 –

Fluoride gel 213 ± 27 33%a

Duraflur 203 ± 34 36%a

Duraphat 133 ± 25 58%b

Fluorniz 207 ± 27 35%a

Fluorphat 212 ± 27 33%a

Duofluorid 210 ± 28 34%a

Cariestop 146 ± 31 54%b

Fluoride toothpaste 228 ± 24 28%a

Different letters indicate significant differences (p < 0.05); w/o: without.

Table 1 - Effect of fluoride 
products on the in vitro 

development of carious lesions in 
deciduous teeth.
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The use of fluoride to control the development 
and progression of carious lesions has been investi-
gated by several authors8,16,19 and topic applications 
have proved to be the most important form in com-
bating these lesions.9,19

Enamel demineralization leads to the dissolu-
tion of hydroxyapatite and the diffusion of Ca and P 
ions on the enamel surface. The hypersaturation of 
these ions causes reprecipitation of hydroxyapatite, 
forming an intact superficial layer on the enamel 
surface.20 Thus, enamel remineralization is achieved 
through the presence of fluoride in the medium.19

Table 1 shows that all the treatments succeeded 
in reducing the depth of the lesions when compared 
with the control group. This reduction varied from 
28% to 58%. However, none of the products used 
here was able to completely prevent the formation of 
lesions, since lesions developed not only in the con-
trol group but also in the groups treated with fluo-
ride products.

The Duraphat fluoride varnish and Cariestop 
silver diamine fluoride were the most effective, pro-
viding a reduction of about 58% and 54% in lesion 
depth, respectively. These results do not agree with 
those reported by Delbem et al.21 (2006), who, al-
though using a different methodology than that of 
the present study, evaluated the effect of Duraphat 
fluoride varnish and of Safluoride di Walter silver 
diamine fluoride and found a lower mineral loss af-
ter application of the varnish than with the use of sil-
ver diamine fluoride. On the other hand, Coutinho22 
(2002) did not find a significant difference between 
Duraphat and silver diamine fluoride in either the 
extent or the depth of artificial carious lesions on 
the occlusal surface. Furthermore, Eronat et al.11 
(1993) reported the superiority of fluoride varnishes 
in halting the progression of carious lesions when 
compared with other methods of topical application 
of fluoride.

Considering that calcium fluoride is the princi-
pal product resulting from a topical method of fluo-
ride application, it can be inferred that the superi-
ority of fluoride varnish (Duraphat) and of silver 
diamine fluoride (Cariestop) over the other fluoride 
products was due to the greater formation of cal-
cium fluoride adsorbed on the enamel surface. The 

effectiveness of fluoride treatment depends little on 
the fluoride dosage and a great deal on its constant 
availability and effective action to promote remin-
eralization, probably through the production of a 
greater deposition of fluoride on the teeth and the 
plaque.23 Furthermore, in addition to the formation 
of CaF2, silver diamine fluoride also produces silver 
phosphate, which increases the resistance of teeth 
against the progression of caries.24

The comparison of the national varnishes indicat-
ed that Duraflur presented the best results. Howev-
er, there was no significant difference in comparison 
to the other varnishes evaluated. These findings are 
in partial agreement with those of Medeiros, Men-
donça25 (1997), who reported that, among the na-
tional varnishes they evaluated, Duraflur showed 
the best results. Similarly, other studies have shown 
reductions of 28% to 52% in the depth of lesions 
after the application of fluoride varnish.12,16

The results of the comparison between Du-
raphat varnish and the fluoride gel were in par-
tial agreement with the findings of Shobha et al.15 
(1987), whose clinical evaluation of the preventive 
effect of Duraphat fluoride varnish and fluoride 
gel demonstrated that Duraphat was more effec-
tive. Similarly, Eronat et al.11 (1993) also found that 
Duraphat presented better results than fluoride gel. 
However, Seppa et al.26 (1995) obtained different 
results, reporting they found no statistically signif-
icant difference when they compared the effect of 
fluoride gel and of fluoride varnish on caries in per-
manent teeth.

The importance of fluoride dentifrice in pre-
venting and/or remineralizing initial caries lesions 
is well established in the literature. Based on this 
philosophy and aiming to minimize the ingestion 
of fluoride by young children in order to prevent 
dental fluorosis, toothpaste with a low concentra-
tion of fluoride has been developed.27 Several stud-
ies have shown that low-fluoride toothpastes do not 
present statistically significant differences in terms 
of their effect when compared with conventional 
toothpastes, and in addition to ensuring the same 
effectiveness, they also offer greater safety in terms 
of fluorosis.23,27 However, the effect of these tooth-
pastes has not yet been compared with that of silver 
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diamine fluoride, fluoride varnish and fluoride gel. 
From that standpoint, therefore, the present study 
used toothpaste containing a low concentration of 
fluoride (500 ppm F).

This fluoride toothpaste with a low fluoride con-
centration reduced the depth of the lesions less than 
did the national fluoride varnishes and the topically 
applied fluoride gel. However, this difference was 
not significant. A direct comparison of these results 
was not possible for lack of reports in the literature 
comparing the products evaluated in the present 
study. Nevertheless, we can make an analogy of our 
findings with those of Delbem et al.21 (2006), who, 
though using a different methodology from ours, 
made a comparative analysis of the cariostatic effect 
of fluoride gel and fluoride toothpaste and found no 
statistically significant difference between them.

With regard to the comparison between the fluo-
ride toothpaste and the varnishes, it was found that 
Duraphat varnish provided greater reduction of 
the depth of the lesion than the toothpaste and the 
national varnishes. However, although the national 
varnishes provided better results than the toothpaste, 
the difference between them was not statistically sig-
nificant. These results are in partial agreement with 
those reported by Valença28 (1997), who evaluated 
the effect of different topical fluoride treatments on 
artificial caries lesions in bovine enamel, and found 
significantly greater remineralization in the groups 
treated with toothpaste and varnish than in those 
treated with mouth rinse solutions and with fluoride 
gel. In an evaluation of the effect of a combination 

of fluoride toothpaste and varnish on artificial cari-
ous lesions, Maia et al.29 (2003) reported that all the 
treatments, analyzed separately, were successful in 
increasing the hardness of the enamel surface.

The bioavailability of fluoride is important for 
its effect in the prevention of caries.19 However, this 
bioavailability depends on its solubility in the com-
pounds and on the way it adheres to the compounds 
of the surface.30 Overall, therefore, the greater re-
duction in the depth of lesions promoted by varnish-
es, as opposed to toothpaste and fluoride gel, may 
have been due to the initial protection of the film 
of varnish and the reduced solubility of the enamel 
due to the absorption of the fluoride in the varnish, 
which confirms the results reported by Schmidt et 
al.13 (2002) and Demito et al.14 (2004).

Although the fluoride products reduced the depth 
of the artificial carious lesions, they did not com-
pletely prevent their development. It is important to 
emphasize that other preventive methods, such as 
controlling diet and plaque, should be considered in 
the prevention and/or control of dental caries dis-
ease.

Conclusion
All the fluoride products tested in this in vitro 

study promoted a reduction in the depth of the arti-
ficial carious lesions. However, none of the products 
used here was able to completely prevent the forma-
tion of lesions. The highest cariostatic effect was 
achieved by the fluoride varnish Duraphat and the 
lowest by the fluoride toothpaste.
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