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Toothpastes should have a minimum concentration of 1000 ppm of fluoride (F) to control caries and also the active F agent must be
chemically free (soluble) in the formulation. Thus, the aim of this study was to evaluate the concentration of soluble F in dentifrices
used by 206 Brazilian children. The concentrations of total fluoride (TF), total soluble fluoride (TSF) and fluoride ion were determined.
From these analyses, the concentrations of F as sodium monofluorophosphate (MFP) and % of insoluble F were calculated. F was
analyzed with an ion specific electrode in duplicates. The majority of dentifrices used (96%) contained F and in 84% of them, TF
concentration was according to that declared by the manufacturers. In the F-toothpastes, 78% showed TSF concentration >1000 ppm,
varying from 422.3 to 1432.3 ppm F (mean + SD of 1017.6 +239.4). These findings suggest that most dentifrices used by Brazilian

children present available fluoride concentration for caries control.
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INTRODUCTION

The evidence about the effect of fluoride (F)
toothpaste on caries control is strongly supported by
the literature (1). Also, F-toothpaste is considered
responsible for the caries decline reported either in
developed countries after the 1980’s (2) or developing
ones after the 1990’s (3). Furthermore, it is considered the
most rational way of fluoride use because it combines the
regular disruption of dental plaque, the necessary factor
responsible for caries, with the therapeutic interference
of F with the caries process.

However, F must be chemically free (soluble) in
the toothpaste formulation (4), assuring F bioavailability
in the oral cavity during toothbrushing (5). This
bioavailability depends on the chemical compatibility
between the type of F added to the formulation and the
abrasive used (6). In Brazil (3) and in most developing
countries (7), the majority of the toothpastes contain

calcium carbonate as abrasive, which may inactivate
part of F present in the commercial products, even if
they are formulated with sodium monofluorophosphate
(MFP) (8).

Moreover, the requirement that toothpastes
should have soluble F in their formulations (4) is of
increased relevance since a recent systematic review
of the literature evidenced that only toothpastes with
1000 ppm F or more would have anticaries effect (9).
However, the legislation of some countries or common
markets as EU (10) and Mercosur (11) does not require
that manufactures demonstrate how much of F is soluble
in the product. They only establish that “when mixed
with other fluoride compounds, the permitted total F
concentration must not exceed 0.15%” (1500 ppm F).

The aim of this study was to evaluate the
concentration of soluble F in toothpastes used by
Brazilian children, considering its anticaries potential.
It was also evaluated if the maximum concentration
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established by Brazilian guidelines was being followed.
MATERIAL AND METHODS

This study was approved by the Human Ethics
Committee of Federal University of Minas Gerais
(COEP-UFMG - Protocol number: 278/07). All parents/
guardians of children involved in the study received
information regarding the objectives of the study and
signed informed consent forms.

Toothpastes that were being used by 206 Brazilian
children aged 9 to 48 months (mean =41.0 £ 6.6) living
in Montes Claros, a medium-sized city of southeastern
Brazil, were collected for analysis. Four public and four
private kindergartens were selected to take part in the
study. The institutions were selected through randomized
drafts from a list containing all kindergartens of the city.

Parents were requested to bring the toothpaste that
the children usually used at home in a meeting of parents
at the kindergarten. In exchange, the parents received
a kit containing a child tooth brush and a fluoridated
toothpaste, and verbal orientations on oral health. For
the analysis, the toothpastes were randomly coded with
letters allowing blind analysis of F concentration. When
more than 3 children were using toothpastes of the same
brand, 3 tubes were randomly selected for analysis.
When 3 or fewer children were using a brand, all tubes
were analyzed. All toothpastes were analyzed before the
expiration date declared by the manufacturer. The 206
toothpastes comprised 30 commercial brands (Table 1),
which are ranked with a single-letter (26 brands) or a
two-letter code (the other 4 brands), according to the
percentage of consumption by the children.

Astothe determination of F concentration, 3 forms
of F available in the toothpastes were determined: F ion
(F1), total soluble F (TSF) (the sum of FI plus fluoride as
MFP) and total F (TF) (the sum of total soluble fluoride
(TSF) plus insoluble F (IF) that is the F bound to the
abrasive). From these analyses, the concentrations of F
as MFP and the percentage of IF were calculated.

Analyses were carried out in duplicates according
to a protocol modified from Pearce (12), which has been
used since 1980 at the Laboratory of Oral Biochemistry
at Piracicaba Dental School, as described: 90 to 110 mg
of toothpaste were weighed (+ 0.01 mg), homogenized
in 10.0 mL of deionized water and duplicates of 0.25 mL
of the suspension were transferred to test tubes for TF
analysis. The remaining of the suspension was centrifuged
(3,000 g, 10 min, r.t.) to remove IF bound to the abrasive.

Duplicates 0of 0.25 mL of the supernatant were transferred
to assay tubes to determine TSF and FI concentrations.
For the TF and TSF tubes, 0.25 mL of 2.0 M HCI was
added, and after 1 hat45°C, the samples were neutralized
with 0.5 mL 1.0 M NaOH 1.0 M and buffered with 1.0
mLof TISABI1 (1.0 M acetate buffer, pH 5.0, containing
1.0 M NaCl and 0.4% CDTA). To the FI tubes, 0.50 mL
of 1.0 M NaOH was added and buffered with 1.0 mL of
TISAB I and 0.25 mL of 2.0 M HCI. The analyses was
carried out using a fluoride electrode (Orion model 96-
09, Orion Research, Cambridge, MA, USA) coupled to
an ion analyzer (Orion EA-740), previously calibrated
with F standards containing 0.06 to 8.0 ppm F, prepared
with the same reagents as the samples.

A linear regression between F concentration in
standards and mV was constructed using the Microsoft
Excel software and used to calculate the F concentration
in each toothpaste, in ppm F. The variation coefficients
of repeated analyses (duplicate) were lower than 2%.
The mean and standard deviation for each brand was
calculated using Statistical Package for Social Sciences
(SPSS for Windows, version 18.0, SPSS Inc., Chicago,
IL, USA). The analysis was made in triplicate when less
than 3 tubes of toothpaste were available.

RESULTS

Most children (95.6%) were using toothpastes
containing fluoride and among these, only 2 children
were using toothpaste with low F concentration (Table 1).
Among the F-toothpastes consumed, 57.7% contained F
as MFPand 42.3% as NaF. The most consumed toothpaste
was the brand A (33.5%), which is formulated with
1100 ppm F (NaF, silica-based) and marketed directly
to children.

Figure 1 shows that in most (84.4%) toothpastes,
total F (TF) concentration found in the analysis
coincided with that declared in the label of the products.
Disagreement (> or <5%) between the concentration
declared and that found was observed for the toothpastes
G, K, P, Q and V. Also, all of these, except for K, had
TF higher than the maximum allowed by the Brazilian
legislation. TF found in the F-toothpastes varied from
521.6to 1787.1 ppm F (mean + SD of 1242.8 + 280.9).

Figure 2 illustrates the relationship between TF and
TSF concentrations found in the F-toothpastes; in 48%
of them the TSF was lower than the TF, indicating that
part of F was insoluble. TSF concentration varied from
422.3 to 1432.3 ppm F (mean = SD of 1017.0 +239.4).
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Forty-four percent of the F-toothpastes presented not shown). IF was found in toothpastes B, C, D, G, H,
only Flas the active agent and 56% had both FI and MFP; ILLK,P,Q,R,U, VandY (data not shown). Percentage
none of them contained only MFP as the active agent (data of IF varied from 14.9% to 53.4% (mean + SD of 34.9

Table 1. Toothpastes used by the children and information about the formulation.

Commercial No. Children Fluoridated *Fluoride Abrasive
Brand Code using (%) agent expected (ppm) agent
Tandy A 69 (33.5) NaF 1100 SiO,
Sorriso Branco B 24 (11.7) MFP 1450 CaCOs,
Colgate MPA C 21(10.2) MFP 1450 CaCO;,
Colgate Tripla Acédo D 16 (7.8) MFP 1450 CaCO;,
Colgate Jr E 11 (5.3) NaF 1100 SiO,
Seninha F 8(3.9) MFP 1188 SiO,
Onda Fresh G 6(2.9) MFP 1500 CaCOs
Close up Triple H 5(2.4) MFP 1500 CaCOs,
Contente Kids [ 524 MFP 1000 CaCOs
Colgate Total 12 J 4(1.8) NaF 1450 SiO,
Dentil Kids K 4(1.8) MFP 800 n.a.
Sanifill Kids L 4(1.8) No F 0.0 SiO,
Action Kids M 3(1.5) NaF 1100 SiO,
Sorriso Fresh N 3(1.5) NaF 1100 Si0,
Weleda (0] 3(1.5) NoF 0.0 SiO,
Contente Plus P 2 (1.0) MFP 1500 CaCO;
Ice Fresh Q 2(1.0) MFP 1500 CaCO;,
Sorriso Herbal R 2(1.0) MFP 1450 CaCO;,
Crest S 2 (1.0) NaF 1100 SiO,
Colgate Baby T 2 (1.0) NaF 500 SiO,
Colgate Herbal U 1(0.5) MFP 1450 CaCO;,
Condor 100% Branco \% 1(0.5) MFP 1450 CaCO;
Even Kids w 1(0.5) MFP 1200 CaCO;,
Aquafresh X 1(0.5) NaF 1100 SiO,
Colgate Cavity Protection Y 1(0.5) MFP 1100 CaCOs
Colgate Toothpaste V4 1(0.5) NaF 1100 SiO,
Colgate Toothpaste Buble AA 1(0.5) NaF 1100 SiO,
Close up Liquifresh BB 1(0.5) NaF 1000 SiO,
Mavatrikids CcC 1(0.5) NoF 0.0 SiO,
Manipulated DD 1(0.5) No F 0.0 n.a.

*Declared by the manufacturer in the tube label; MFP = sodium monofluorophosphate; SiO,= silica; CaCO; = calcium carbonate;
n.a.=not available.
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+ 12.3) and toothpaste K presented the highest amount.

DISCUSSION

The findings showed that 95.6% of the children
(Table 1) were using toothpastes containing F to brush
their teeth, what is crucial in terms of caries control (1) and
would explain the relevance of toothpastes for the caries
decline observed in Brazil (3). Also, this high percentage
found in a city of the southeastern Brazil is in agreement
with data from southern region of the country (13).

Moreover, 57.7% of the F-toothpastes used
contained MFP (Table 1), a proportion lower than the
90% of MFP-based toothpastes consumed by the Brazilian
population (personal information). This apparent lower
value is explained by the consumption of toothpaste A
by 33.5% of the children, which contains NaF as the F
compound.

Moreover, in most
toothpastes used, the total

fluoride concentration (TF) o0

found was in accordance to 1600 o
the declared in the label (Fig. 1400

1). Also, in most of them 12007 _
the TF concentration was H 1000

not superior to 1500 ppm F, T

in agreement to Brazilian 600
regulations (11). However, 400

in order to control caries the 20

toothpaste should contain at 0
least 1000 ppm F (9), which
must be chemically soluble
in the formulation to have
anticaries effect (14).

Thus, the analyses
made in this study showed that
inalmost50% of F-toothpastes
TSF concentration was lower

in the analyses.

than that of TF (Fig. 2). This ﬁgﬁ .

lower value of active fluoride 1400 i fi
is due the incompatibility . 1200 1
between the abrasive agent E 1222

and the F (15) and, in fact, * 600 |

IF was found bound to the 400 -
abrasive CaCO; used in 200

most Brazilian toothpastes o A B

(3). IF was found only in
toothpastes containing MFP

DOTotal Fluoride Found
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formulated with silica as the abrasive agent (Table 1). In
MFP molecule, F is covalently bound to phosphorus but
this bond is not stable and the released fluoride ion reacts
with the Ca** of the abrasive (8) precipitating as insoluble
CaF,, which into the toothpaste is caries inactive (14). This
is the main reason why in the toothpastes formulated with
MFP/CaCOj; the manufacturers add 1500 ppm F, which
would compensate the amount of F that is inactivated
by the abrasive during product storage. Unfortunately,
Brazilian and European regulations do not specify how
much of TF should be maintained soluble in a toothpaste
formulation.

Nevertheless, in 78% of the toothpastes used by
this sample of Brazilian children the TSF concentration
was higher than 1000 ppm F, which is the minimum
necessary to have an anticaries effect (9). Among the
F-toothpastes presenting less than 1000 ppm (toothpastes

O Total Auoride Declared M Total Auoride Found

A B CDETFGMHI I JKLMNOPGRTSTWUVWX Y Z AMEBCCDD

Toothpaste code

Figure 1. Concentration (ppm F) of total fluoride declared by the manufacturers and found

m Total Soluble Fluoride Found

[l

u v

(A

Toothpaste code

Figure 2. Concentration (ppm F) of total and total soluble fluoride found in the analyses of

because those with Naf* are the fluoridated toothpastes.
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C,LK,Q,T,VandY), only one toothpaste (T) is properly
formulated (Table 1). This toothpaste is formulated with
low F concentration (500 ppm F) and it presents all F
soluble because it is formulated with NaF/SiO,. The
others are formulated with MFP/CaCO;, showing that
when a toothpaste contains CaCO3 as an abrasive, the
use of MFP as the F form is not a guarantee of stability,
reinforcing the need to review the guidelines about the
quality of F in toothpastes marketed.

However, although most toothpastes used
by Brazilian children present available fluoride
concentration to control caries, F-toothpastes are
also considered a factor of fluorosis risk. Thus, the
concentration of chemically available F in toothpastes
also determines how much F is bioavailable in terms
of systemic effect (16,17), which should be further
considered. Using the present analyses as an example,
the risk of fluorosis by the use of toothpaste A, in which
its total 1100 ppm F are soluble, could be the same as
that provided by the use of toothpaste B, which though
formulated with 1450 ppm total F, presents only 1122.8
ppm of soluble F.

In conclusion, most toothpastes used by Brazilian
children present available fluoride concentration for
caries control.

RESUMO

O requerimento minimo para que um creme dental tenha
potencial anticarie ¢ ele ter fluoreto (F) na concentragio de 1000
ppm, o qual porém deve estar solivel na formulagdo. Assim,
este estudo teve como objetivo conhecer a concentragdo de F
soluvel em dentifricios usados por 206 criangas brasileiras.
Foram determinadas as concentragdes de fltor total (FT), o qual
representa a soma das concentragdes de fltior soltivel (i6nico
e ionizavel) mais o insoluvel (ligado ao abrasivo); de fluor
soluvel total (FST), representando o i6nico mais o ionizavel na
forma de monofluorfosfato de sédio (MFP) e de fluor solivel na
forma i6nica (FI). A partir destas analises foram calculadas as
concentracdes de MFP e a % de F insolivel (Fins). As analises
foram feitas em duplicatas com eletrodo especifico. A maioria
dos dentifricios usados (96%) continham fluoreto e em 84%
desses a concentragdo de FT encontrada estava de acordo com a
declaradana embalagem. Em 78% dos cremes dentais fluoretados,
a concentragdo de FST encontrada foi igual ou superior a 1000
ppm, variando de 422,3 a 1432,3 ppm F (média + DP de 1017,6
+ 239,4). Os dados mostram que a maioria dos cremes dentais
usados pela amostra de criangas brasileiras possui concentragao
de F potencialmente ativo para controlar carie.
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