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Evaluation of Total pH and Soluble
and lonic Fluoride Concentrations in
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Purpose: To verify the total (TF), soluble (SF) and ionic (IF) fluoride concentrations in the main Brazilian
dentifrices for comparison and quality control according to the current Brazilian Ministry of Health Reg-
ulations, 2000.

Materials and Methods: Nineteen brands, from 2 batches, fresh or aged at 45°C/48 h, had their F con-
centrations and pH analyzed with a specific electrode and pHmeter. To analyze the TF, 0.25 ml of 2M
HCL was added to 0.25 ml of the suspension of each dentifrice. This was kept at 45°C/1 h and 0.50 ml
of M NaOH and 1.0 ml of TISAB Il was added. To assay SF and IF, after centrifugation, the supernatant
was used and the same steps described above were followed for SF. The analysis of IF was made by
adding 0.25 ml of the supernatant to 1.0 ml of TISAB I, 0.5 ml of M NaOH and 0.25 ml of 2M HCL.
Paired t tests were used for statistical analysis.

Results: The concentration of TF, SF and IF ranged from 555.7 — 1835.1; 449.3 — 1619.3 and 96.9 -
1534.6 ppm respectively. After aging, a significant reduction in the SF concentration (p = 0.00002) was
observed, which did not occur for TF and IF (p > 0.05). Only the brand Colgate Baby™ presented pH 6.8.
The other dentifrices had an alkaline pH, ranging from 7.1 — 9.9.

Conclusion: Although the term ‘soluble’ was suppressed by the new regulation, the dentifrices analyzed
were in accordance to the Brazilian Ministry of Health Regulations, 1989.
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he decline in the prevalence and incidence of
dental caries in the past two decades is consid-
ered to be largely the result of the use of fluoride.
Much of the decline in caries levels experienced in
westernized societies during the past decade has
been attributed to the widespread use of fluoride
dentifrices (Glass, 1981; O'Mullane, 1982; Jen-
kins, 1985; Thylstrup and Fejerskov, 1986; Stook-
ey, 1990).
The ability of fluoride-containing dentifrices to
contribute to caries control has been more exten-
sively documented than any other topical fluoride
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Table 1 Codes and trade names of nineteen
product samples of dentifrices purchased in
Bauru-SP, Brazil

Code Brand name
1 Colgate com Calcio
2 Colgate Bicarbonato de sédio
3 Colgate Herbal Branqueador
4 Colgate Total
5 Colgate Controle de Tartaro
6 Colgate Junior
7 Colgate Baby
8 Close-up Liqui Fresh
9 Close-up Eucaliptus Mint Max
10 Close up Triple Hortela
11 Sorriso Dentes Brancos com Calcio
12 Sorriso Fresh Cristal Mint
13 Sorriso Herbal com Calcio
14 Tandy
15 Signal Tripla Agao
16 Sensodyne Protecao Total
17 Gessy Cristal Menta Fresca Jua
18 Ice Fresh
19 Ki Pasta

measure, and their cariostatic benefits are widely
acknowledged and utilized. It has been estimated
that over 90% of the dentifrices sold in the USA and
several other countries contain fluoride (Stookey,
1990). In 1998, Cury claimed that the presence of
fluoride in more than 95% of dentifrices sold in in-
dustrialized countries is mainly responsible for the
decline of dental caries. ABIHPEC/SIPATESP (2001)
data showed that in Brazil a mean consumption of
567 grams of dentifrice per person/year was one
of the largest of the world.

The effect of fluoride dentifrices on caries de-
cline and remineralization of initial caries lesions
has also been analyzed and demonstrated (Mel-
berg et al, 1986; Melberg et al, 1988; Melberg et
al, 1990; Ten Cate, 1990; Wefel, 1990). Most of
the studies have evaluated the efficacy of the prod-
ucts manufactured by well-known companies such
as Colgate-Palmolive, Procter and Gamble, and Uni-
lever. However, the composition and effectiveness
of locally manufactured dentifrices in many devel-
oping countries is hot well documented. Thus, in or-
der to be caries control effective, the dentifrice
must present available fluoride in its formulation
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(soluble fluoride) in ionic (NaF) or ionizable
(NasPOsF) forms (Cury, 2002).

Daily toothbrushing with fluoridated dentifrices
reduces the prevalence of caries by about 25%.
This small success percentage may be related to
the soluble fluoride concentration and its stability
(Cury, 1986). In Brazil, Cury et al (1981) demon-
strated that the fluoride content in commercially
available dentifrices was heterogeneous.

In terms of its chemical form, the fluoride of the
dentifrices may oxidize (Manly 1961), bind to the
abrasive agent (Ericsson, 1961; Forsman and Eric-
sson, 1973; Drummond and Curzon, 1985) or de-
compose (Hill and Audrieth, 1950).

Although Forward (1980) stated that the fluoride
stability in dentifrices can be maintained for more
than three years, Bushee et al (1971); Pearce
(1974); and Freitas (1984) demonstrated that this
does not occur in commercially available products
in USA, New Zealand and Australia, respectively.

Thus, this study aimed to evaluate some param-
eters related to the effectiveness of fluoride denti-
frices commercially available in Brazil. Hence, the
pH and fluoride content (total, soluble and ionic flu-
oride) of 19 brands of dentifrices, fresh or aged,
were analyzed.

MATERIALS AND METHODS
Sampling

Nineteen product samples of dentifrices were pur-
chased in Bauru-SR, Brazil (Table 1). The dentifrices
were coded and blind analyses were performed for
the fresh and aged products. Aging (equivalent to
8 months) was done at 45°C for 48 h. Two distinct
batches were analyzed to verify TF, SF and IF (in
triplicate) and pH (in duplicate).

Preparation of Samples

1.100.0 mg of dentifrice was homogenized with
10 ml of deionized water.

2. For TF analysis: 0.25 ml 2M HCI was added to
0.25 ml of the suspension mentioned above. The
solution was kept at 45°C for 1 h in a double boil-
er. Then, 0.5 ml M NaOH was added followed by
1.0 ml TISAB Il (Total ionic strength adjustment
buffer). The sample was centrifuged (5,000 rpm,
3 min) and the supernatant was used.
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3. For SF analysis: 0.25 ml 2M HCI was added to
0.25 ml of the supernatant described in 2
above, and the solution was kept at 45°C for 1 h
in a double boiler. Then, 0.5 ml M NaOH was
added followed by 1.0 ml TISAB Il.

4. For IF analysis: 1.0 ml TISAB Il was added to
0.25 ml of the supernatant described in 2
above. Then, 0.5 ml M NaOH and 0.25 ml 2 M
HCl was added.

Fluoride Analysis

After preparation of the sample, F was analyzed with
an ion specific electrode (Orion 96-09). A set of
standards (ranging between 0.5 — 4.0 ppm F) was
prepared in triplicate, using serial dilution from a
100 ppm NaF stock solution (Orion#940907). The
millivoltage potentials were converted to ug F using
a standard curve with a coefficient correlation of r
> 0.99. Based on the triplicate samples, the mean
repeatability of the fluoride readings was 94.87%.

pH Analysis

For pH analysis, 1.0 g of dentifrice was homoge-
nized in 10 ml of deionized water. The Micronal
B371 pHmeter was used having been previously
calibrated with a set of standards of pH 4, 7 and 9.
All the dentifrices were analyzed in duplicate. The
pHmeter was recalibrated after every 5 readings.
Based on the duplicate samples, the mean repeat-
ability of the readings was 99.50%.

Statistical Analysis

Paired t tests were used for comparison between
the SF of the fresh and aged dentifrices, using the
GraphPad InStat. Regression analysis was also ap-
plied.

RESULTS

Table 2 shows the mean of TF, IF and SF concentra-
tions (ppm) and the pH of the 19 brands of fresh
(F), and aged (A) dentifrices from the two different
batches. The concentration of TF, SF and IF ranged
from 555.7 — 1835.1; 449.3 - 1619.3 and 96.9 —
1534.6 ppm respectively. After aging, a significant

Vol 1, No 4, 2003

reduction in the SF concentration (p = 0.00002)
was observed, which did not occur for TF and IF
(p > 0.05). A very strong positive correlation was
found between the SF obtained for fresh and aged
products (r = 0.9316, p < 0.0001). Only the com-
mercial brand Colgate Baby™ presented a slightly
acidic pH (6.8). The other dentifrices had an alka-
line pH ranging from 7.1 — 9.9. Table 3 shows a
comparison between the two batches (B) with re-
spect to TF, IF and soluble SF fluoride concentra-
tions (ppm) in 19 brands of fresh (F) and aged (A)
dentifrices. The values obtained for each product
were similar for the two different batches.

Table 4 shows the chemical forms (MFP or NaF),
fluoride concentrations, abrasive agents, manufac-
turing date, expiry date expressed on the container
label and TF and SF concentrations found in fresh
dentifrices in this study.

DISCUSSION

The laboratory evaluation of fluoridated dentifrices
is important for preliminary and equivalence tests
for new products and quality control of the products
already established in the market.

When Considering the Brazilian dentifrices, Cury
(1989) reported that only four out of ten dentifrices
analyzed met the stability, availability and reactivity
criteria specified by the Council of Dental Therapeu-
tics of the American Dental Association (1985). Al-
though the Brazilian market has about 30 commer-
cially available brands of dentifrice only 5 of them
account for 90% of the sales. On the other hand,
these 5 dentifrices are manufactured in the Sao
Paulo region. Considering the size of the country,
there is concern as to whether transportation of
these products would alter their fluoride content
(Cury, 2002). However, variations of 100 — 200
ppm in the fluoride concentrations do not influence
the caries reduction potential (Featherstone et al,
1990).

The use of sodium monofluorphosphate (MFP) is
of particular importance in Brazil, because the
most-consumed dentifrices contain calcium in their
formulations. This inactivates most of the fluoride
contained in the dentifrices in circumstances
where these preparations are based on sodium flu-
oride (NaF) (Richards and Banting, 1996).

In the above study, 68.42% of the dentifrices
contained MFR In spite of this, all the analyzed den-
tifrices had adequate levels of soluble fluoride.
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Table 2 Total (TF), ionic (IF) and soluble (SF) fluoride concentrations (ppm) and pH in 19 brands of fresh
(F) and aged (A) dentifrices
Brand TF IF SF pH
F A F A F A

1 1476.3 1332.2 155.7 182.1 1242.7 1116.1 9.7

2 1542.4 1484.2 346.2 361.5 1404.8 1155.4 9.3

3 1584.0 1449.7 253.2 271.3 1152.9 1093.4 9.6

4 1529.3 1441.0 1409.1 1477.4 1580.2 1401.7 7.6

5 1192.9 1094.2 1216.7 1150.6 1194.6 1155.6 8.6

6 1167.2 1175.9 1139.9 1061.8 1115.3 1084.7 7.2

7 555.9 565.2 520.0 520.6 550.7 483.5 6.8

8 1021.9 1187.8 99.2 107.7 993.5 998.7 7.6

9 1315.4 1392.7 620.7 796.0 1196.9 1270.2 7.2
10 1622.5 1705.0 176.7 207.9 1255.3 1257.6 9.9
11 1498.9 1564.1 169.1 190.2 1325.3 1229.1 9.5
12 1213.6 1173.3 1078.9 1037.4 1125.9 1051.1 7.6
13 1586.1 1360.3 236.9 247.7 1090.4 1040.5 9.8
14 1203.0 1162.7 1117.9 1021.8 1234.0 1005.4 7.5
15 1611.7 1449.8 244.0 261.7 1280.5 1122.9 9.4
16 1453.0 1392.0 1387.7 1309.6 1550.0 1386.6 8.6
17 1603.4 1626.0 213.5 253.5 1373.1 1299.7 9.7
18 1712.3 1608.5 179.6 203.2 1385.5 1284.2 9.5
19 1571.3 1655.3 206.2 220.7 1284.1 1203.3 9.5

In 1989, the Brazilian Ministry of Health Sanitary
Vigilance Cabinet regulated the incorporation of flu-
oride in dentifrices (Regulation n° 22, 20 de dezem-
bro de 1989). This regulation established that if flu-
oride was incorporated in the dentifrice, the mini-
mum concentration of soluble fluoride at the time
of manufacture should be 1,000 ppm and the max-
imum, 1,500 ppm. One year after manufacture, the
dentifrice should have at least 600 ppm of soluble
fluoride; a minimum of 450 ppm soluble fluoride
should be present at the expiry date. All the denti-
frices analyzed in this study met these criteria, even
when aged. The aging process applied in this study
corresponds to eight months (Motta et al, 2002).

However, a new regulation was established in
Brazil in 1996 (Regulation n° 71, 29 de maio de
1996). In fact, the only modification was that this
new regulation did not insert the term ‘soluble’. In
Brazil, the benefit of this fluoride application meth-
od is threatened as a consequence of the modifica-
tion of regulation n. 72 of May 29 1996. The only
real modification was that it did not specify that the
fluoride in the dentifrices should be in soluble form.
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This fact is relevant because in this way there is no
guarantee of quality covering the commercial denti-
frices that are available. Furthermore, this regula-
tion allows for several salts to be used in the fluo-
ridation of the dentifrices. Lower solubility salts,
like CaF2 (1.5 mg %) can be theoretically used, re-
sulting in a formulation with no more than 8 ppm
soluble fluoride. In 2000 a new regulation was
made (n°® 29) but the presence of soluble fluoride
was not emphasized.

If Tables 3 and 4 are analyzed together, it is no-
ticeable that the fluoride concentrations displayed
in the product labels are correct. This shows that
the manufacturers appear to have good control
over the amount of fluoride added to the products.

The responsibility for enhancing the safe use of
topical fluoride products belongs to dental organi-
zations and the allied health professionals, the
dental and dental hygienist schools and their gradu-
ates, as well as the manufacturers of the topical
fluoride products. It will be to everyone’s benefit if
these groups and individuals periodically evaluate
the formulations, efficacies and recommendations

Oral Health & Preventive Dentistry
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Table 4 Chemical forms (MFP or NaF), fluoride concentrations expressed on the container, abrasive agents,
manufacturing date, expiry date and TF and SF concentrations found in fresh dentifrices in this study

Information on the container

Content found in fresh dentifrices

Brand Chemical form [TF] (ppm) Abrasive agent Manufacturing date Expiry date [TF]( ppm) [SF] (ppm)

1 MFP 1500 CaCO03 10/2002 10/2005 1476.3 1242.7
01/2003 01/2006

2 MFP 1500 CaC03 11/2002 11/2005 1542.4 1404.8
09/2002 09/2005

3 MFP 1500 CaCO03 01/2003 01/2006 1584.0 1152.9
06/2002 06/2005

4 NaF 1500 silicon dioxide 02/2003 02/2006 1529.3 1580.2
01/2003 01/2006

5 NaF 1100 silica 07/2002 07/2005 1192.9 1194.6

6 NaF 1100 silica 09/2002 09/2005 1167.2 1115.3
07/2002 07/2005

7 NaF 500 silica 03/2002 03/2005 555.9 550.7
12/2001 12/2004

8 MFP 1000 silica Not displayed on ~ 01/2006 1021.9 993.5
label 02/2006

9 MFP 1100 silica 12/2002 12/2005 1315.4 1196.9
01/2003 01/2006

10 MFP 1500 CaCO03 09/2002 09/2005 1622.5 1255.3
01/2003 01/2006

11 MFP 1500 CaCO03 08/2002 08/2006 1498.9 1325.3
02/2003 02/2006

12 NaF 1100 silicon dioxide 02/2003 02/2006 1213.6 1125.9
05/2002 05/2005

13 MFP 1500 CaCO03 01/2003 01/2006 1586.1 1090.4
09/2002 09/2005

14 NaF 1100 silica 08/2002 08/2005 1203.0 1234.0
02/2003 02/2006

15 MFP 1455 silica 10/2002 10/2005 1611.7 1280.5
02/2003 02/2006

16 NaF 1400 silica 12/2002 12/2004 1453.0 1550.0
05/2002 05/2004

17 MFP 1500 CaCO03 01/2003 01/2006 1603.4 1373.1
04/2002 04/2005

18 MFP 1500 CaCO3 11/2002 11/2005 1712.3 1385.5

19 MFP 1500 CaCO03 01/2003 01/2006 1571.3 1284.1
12/2002 12/2005

for the use of these important health products tifrices analyzed were in accordance with the Bra-

(Whitford, Allmann and Shahed, 1987).

zilian Ministry of Health Regulations, 1989. How-
ever, if dentifrices are to continue contributing to
the control and prevention of dental caries, it is

CONCLUSION necessary to revise the current regulations so as to
guarantee a greater standardization, thereby ensur-

In conclusion, despite the fact that the term ‘solu- ing that the marketed dentifrices are adequately

ble’ was removed in the 1996 regulation, the den- fluoridated.
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Quintessentials for General Dental Practitioners

Each volume in the Quintessentials series will cover basic principles and key concepts; the titles
are intended to be used as stand-alone volumes or read in conjunction with other volumes in
the series. Each volume is approximately 100 to 160 pages in length, features color photographs
throughout, and contains a comprehensive guide to further reading.

Series Editor: Nairn H.E Wilson

Understanding Periodontal Diseases:
Assessment and Diagnostic Procedures in Practice

LL.C. Chaple and A.D. Gilbert

This book aims to bridge the gulf between the complex pathobiology of
periodontal diseases and their assessment and diagnosis in dental prac-
tice. It provides a visual tour of the periodontium and demonstrates how
the host responds to periodontal pathogens and reclassifies the diseases.
Risk-factor identification is introduced prior to a stepwise guide to diag-
nosis commencing with the patient’s first visit.

174 pp; 138 illus (91 color); ISBN 1-85097-053-X; US $46/ £28

Practical Dental Local Anaesthesia
J.G. Meechan

This book covers aspects of local anaesthesia relevant to operative pain
control in dental practice. It describes the techniques available to den-
tists to provide anaesthesia of the teeth and surrounding structures. The
management of failure, safety issues, and methods of reducing injection

discomfort will also be described.
150 pp; 138 color illus; ISBN 1-85097-051-3; US $46/ £28

Interpreting Dental Radiographs

K. Horner, PG.J. Rout, and V.E. Rushton

This book aims to give a comprehensive guide to reading x-ray images
in dental practice and concentrates on intraoral radiographs. The text
builds on a strong foundation of anatomical knowledge and is rein-
forced by the authors™ experience in the radiological appearances that
frequently challenge dentists.

171 pp; 245 illus; ISBN 1-85097-052-1; US $46/£28

Teeth for Life for Older Adults

PE Allen

As our aging population retains more teeth into old age, the burden of
dental maintenance increases. This text presents an overview of these
challenges facing the dentist and how edentulousness in old age can be
prevented with long-term treatment planning. Treatment strategies
designed to minimize risk to the remaining natural dentition are also

described.
131 pp; 83 color illus; ISBN 1-85097-056-4; US $46/£28
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Rational Root Canal Treatment in Practice
J-M. Whitworth

Endodontics has never been shy of technology, promising simpler,
quicker, more consistent and esthetically pleasing results. But how
often is there real evidence, and how often is the fundamental biology
forgotten? This handbook returns to the principles of infection control
to rationalize mechanical stages of treatment and reveal where new and
older techniques can optimize efficiency and successful outcomes for
patients.

141 pp; 187 illus (138 color); ISBN 1-85097-055-6; US $46 / £28

Decision-Making in Operative Dentistry

PA. Brunton

Advances in caries diagnosis and management strategies, pulp protec-
tion philosophies, tooth preparation techniques, and dental materials
have left practitioners somewhat uncertain as to what is best practice.
This book answers many of the questions frequently posed by practi-
tioners, encourages a less interventive philosophy, and is an easy-to-use
resource for clinical decision-making.

108 pp; 97 illus (85 color); ISBN 1-85097-057-2; US $46/£28

Implants for the General Practitioner
L.J. Searson, M. Gough, and K. Hemmings

This book aims to explain current best practice in the principles of
patient assessment and treatment planning, implant selection criteria,
and surgical and restorative treatment protocols for achieving optimum
functional and cosmetic results according to each individual patient’s
clinical needs and requirements.

120 pp (approx); ISBN 1-85097-054-8; US $46/£28
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The Business of Dentistry
R. Rattan and G. Malonescue

This book explores the interface between clinical dentistry and the
management of a modern dental practice. It covers a range of business
areas, including the principles of financial management and the use of
financial ratios and indicators in relation to practice profitability. It
includes an overview of modern marketing techniques including the
concept of branding.

153 pp; 41 color illus; ISBN 1-85097-058-0; US $46/ £28
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