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ABSTRACT

Objectives: To assess the fluoride concentration
of different commercially available mouthrinses in
central Saudi Arabia, and compare the obtained
measurements with label values.

Methods: This cross-sectional study identified 25
brands of mouthrinses in the markets of Riyadh
city between August and September 2013. Nineteen
brands of mouthrinses whose labels indicate the
percentage of sodium fluoride (NaF) and 6 brands
not indicating the fluoride percentage were included
in the study. Three bottles of 2 manufacturing batches
of each brand were acquired, coded, and analyzed
after dilution using specific electrodes for fluoride and
an ion analyzer at the College of Science, King Saud
University, Riyadh, Saudi Arabia.

Results: The average fluoride concentrations in the
tested mouthrinses ranged from 8.4 ppm (Voza) to
448.7 ppm (Sensodyne “Pronamel”). Analysis of
variance showed a statistically significant difference
(p<0.05) in the fluoride concentration between
the studied 25 brands. Almost 60% of the brands’
fluoride concentrations were significantly different
(mainly lower) from the label value. However,
only 5 brands contain fluoride at a concentration
not significantly different from the recommended
fluoride concentration in daily mouthrinses 0.05%

(225 ppm).

Conclusion: Most of the studied commercially
available mouthrinses contain topical fluoride at
concentrations below the manufacturers’ label value,
but above the recommended 0.05%.

Due to the fluoride’s cariostatic and remineralizing
properties, it has been advocated as a major
contributor in the treatment and prevention of dental
caries.! The use of fluoride containing mouthrinses has
been recommended in conditions such as the presence
of carious lesions, orthodontic appliances, or prostheses,
gingival recessions, chemotherapy or radiotherapy
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treatment, decreased salivary flow, and patients with
physical or psychological disability. The daily rinse with
a 0.05% sodium fluoride (NaF) mouthrinse has been
reported to be very effective for orthodontic patients
with fixed appliances.” Aminabadi et al’s’ study showed
that weekly use of 0.2% NaF mouthwash significantly
decreased dental caries after 3 years of use. The
incidence of dental caries has been reduced by using
0.2% NaF for 6 years in south Africa. Furthermore,
Marinho et al's’ meta-analysis showed that fluoride
mouthrinse was effective in the prevention of carious
surfaces in permanent dentition. In Brazil,® 50% of the
tested 14 mouthrinses showed statistically significant
higher F concentrations than the manufactures’™ label
values. Moreover, Pizzatto et al’ found that all the
studied solutions had fluoride concentrations above
that required in the dentist’s prescription. Dental
professionals must be aware of the exact concentration
of F available in solutions, gels, and varnishes to avoid
the risk of toxicity and to insure the effectiveness of
the prescribed mouthrinses. In the literature, there is
a scarcity of published papers in regards to the fluoride
concentration of commercially available mouthrinses in
Saudi Arabia. Therefore, the aim of the current study
was to analyze the F concentration of different available
mouthrinses in Riyadh, and compare the values
obtained with the manufacturers’ labels.

Methods. The study was performed at the Chemistry
Laboratory, College of Science, King Saud University,
Riyadh, Saudi Arabia and it was registered at the College
of Dentistry Research Center, Riyadh, Saudi Arabia.
The following 25 brands of mouthrinses that are
commercially available in pharmacies and supermarkets
in Riyadh, Saudi Arabia were included in the study:
Aquafresh (Extreme Clean)®, Aquafresh (Extra Care)®,
Colgate (Total)?, Colgate (Multiprotection)®, Colgate
(Soin Complete)®, Depurdent®, El-cemed®, Enliven®,
Emofluor®, Florosept®, Lacalut®, Listerine®, Classic
Mint®, Nitra®, Paradontax®, Sensodyne (Pronamel)®,
Signal (Sensitive Expert)®, Signal (Integral)®, Sensodyne
(Gentle Mouthrinse)®, Colgate (Fresh Tea)®, Durban’s®,
Pearl drops®, Voza®, Biosmos®, Orto® (Table 1). For the
first 19 brands that show the F concentration on their
label, 3 bottles of the same manufacturing batch were
acquired. In addition, 3 bottles of a second batch were
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purchased yielding a total of 6 samples of each brand.
For the remaining 6 brands that do not show the F
concentration, 2 bottles were tested. All the products
were coded to allow a blind analysis of F concentration
and pH values, and each bottle was measured 3 times.
Instruments and chemicals used for F and pH
assessment. A calibration curve was preliminary made,
which ranged from 1.0 to 10.0 ppm fluoride for
calculation of the concentration in ppm fluoride. The
solutions were coded, and 1 mL of each product was
placed by pipette into a 100-mL volumetric flask and the
volume was made up with deionized water. Then a pH/
ion-meter (Metrohm Model 781, Herisau, Switzerland)
with a combination of F electrodes has been used to
determine the fluoride concentration in the mouthrinses
samples, which were mixed with total ionic strength
adjustment buffer (TISAB) solution 1:1 (v/v). These
solutions containing 25 ml of the sample and 25 ml
of TISAB solutions were then mixed for approximaltey
3 minutes. Following this, the electrode potentials of
these solutions were compared with those of fluoride
standard solutions. The results were shown directly on
the ion analyzer monitor in millivolts unit, awaiting
stabilization, which varied according to the fluoride

concentration of the sample. The data obtained using
3 replicates were converted into ppm of fluoride. The
pH was determined through the electrometric method
by means of the apparatus pH Meter, Thermo Scientific
Orion 5-Star, Thermal Scientific Inc., Wlatham, USA,
that was calibrated with a standard solution (pH 4.0 and
pH 7.0). Table 1 summarizes the list of the mouthrinses
and their manufacturers included in the study.
Analysis of the data. Data were analyzed using
IBM® Statistical Package for Social Science® Version
20 (International Business Machines Corporation,
Armonk, New York, USA), and the level of significance
was set at p<0.05. The following tests were used:
analysis of variance (ANOVA) to test the differences in
the fluoride concentration between the 3 samples of the
same batch, and between the means of the brands with
Post-Hoc (Tukey HSD test) and t-test to analyze the
difference between the 2 batches, and the measured F
concentration with the stated manufacturer’s fluoride
concentration value on the label and the recommended
concentration (0.05%, 225 ppm) for daily use.

Results. The means of the F concentration
obtained from the 6 samples (2 batches) of the brands

Table 1 - List of the 25 mouthrinses, brands, and the name of the manufacturing company included in the study.

Brand Company City, country Label fluoride
concentration
in ppm

Aquafresh (Extreme Clean) GlaxoSmithKline group of company Bretford, UK 250
Aquafresh (Extra Care) 250
Paradontax GlaxoSmithKline GmbH & Co. KG Herrenberg, Germany 250
Sensodyne (Gentle Mouthrinse) 250
Sensodyne (Pronamel) 450
Colgate (Total) Colgate-Palmolive Thailand 225
Colgate (Multiprotection) 250
Colgate (Soin Complete) 250
Colgate (Fresh Tea) -
Depurdent Dr. Wild company Muttenz, Switzerland 250
Emofluor 250
El-cemed Dental-Kosmetic GmbH company Dresden, Germany 250
Enliven Enliven Health & Beauty Ltd UK 250
Florosept SPIMACO Buraydah, Saudi Arabia 250
Lacalut Dr. Theiss Naturewaren GmbH Homburg, Germany 225
Listerine Johnson & Johnson Italy 220
Classic Mint Classic Consumer Products Inc. USA 250
Nitra Camiflor Co. Paris, France 109
Signal (Sensitive Expert) Unilever London, UK 225
Signal (Integral) 225
Durban’s Orral care div Lodi Vecchio Italy -
Pearl drops Church & Dwight Led UK -
Voza Bonosan Ltd Germany -
Biosmos Biosmos srl Milano, Italy -
Orto Biofresh Syria -

SPIMACO - Saudi Pharmaceutical Industries & Medical Appliances Corporation, UK - United Kingdom,
USA - United States of America
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Table 2 - Means of the 6 samples of the 19 fluoride labeled brands in ppm, the ANOVA comparisons, and t-test comparisons of the

fluoride concentration in the 2 batches.

Brand First batch Second batch t-test
Mean SD ANOVA Mean SD ANOVA p-value
p-value p-value
Aquafresh (Extreme Clean) 249.0 3.1 <0.001* 250.0 1.0 0.452 0.406
Aquafresh (Extra Care) 244.1 2.5 0.023* 247.2 3.7 <0.001* 0.058
Colgate (Total) 222.2 1.9 0.113 227.2 3.0 <0.001* 0.001*
Colgate (Multiprotection) 222.0 1.5 0.330 225.0 0.8 0.006* <0.001*
Colgate (Soin Complete) 225.4 4.0 0.004* 223.8 0.4 0.405 0.259
Depurdent 251.7 1.7 0.006* 252.1 5.22 <0.001* 0.829
El-cemed 250.5 1.5 0.254 248.4 2.0 <0.001* 0.022*
Enliven 224.6 0.9 0.330 224.5 0.9 0.061 0.857
Emofluor 248.7 1.4 0.159 246.6 1.9 0.002* 0.020*
Florosept 224.4 2.0 0.133 224.4 0.9 0.054 0.976
Lacalut 219.1 1.5 0.119 2239 1.5 0.014* <0.001*
Listerine 219.4 1.3 0.245 220.1 2.1 <0.001* 0.405
Classic Mint 224.0 1.8 0.258 224.5 1.0 0.022* 0.429
Nitra 181.4 4.2 0.110 182.0 2.6 0.002* 0.713
Paradontax 249.5 2.6 0.030* 249.5 1.6 0.429 1.000
Sensodyne (Pronamel) 450.8 2.0 0.070 446.7 4.1 <0.001* 0.016*
Signal (Sensitive Expert) 2243 1.5 0.116 224.9 0.9 0.364 0.263
Signal (Integral) 223.1 1.6 0.287 224.7 0.6 0.022* 0.016*
Sensodyne (Gentle Mouthrinse) 253.4 1.8 0.006* 246.3 1.9 0.018* <0.001*

*Significant difference at p<0.05. ANOVA - analysis of variance, ppm - part per million

with fluoride listed on the label appear in Table 2.
The ANOVA results were also reported in the table.
Three brands (Aquafresh “Extra Care™, Depurdent®,
Sensodyne “Gentle Mouthrinse™) showed significant
differences in the F concentrations between the bottles
in both batches. While 3 brands (Enliven®, Florosept®,
Signal “Sensitive Expert”) did not show any statistically
significant differences in the F concentration between
the 6 samples. When the 2 batches were compared
using t-test, 11 out of the tested 25 brands showed
a statistically significant difference in the fluoride
concentration (Table 2).

The average fluoride concentrations in the tested
mouthrinses ranged from 8.4 ppm (Voza®) to 448.7
ppm (Sensodyne “Pronamel”) (Table 3). All the brands’
pH values were below 7 and ranged between 5.38 and
6.86. Most of the tested brands showed relatively small
standard deviations with the exception of the brands
“Voza®” and “Orto®”. The t-test also shows discrepancies
between the measured fluoride concentrations and the
labeled values. Almost 60% of the brands’ fluoride
concentrations were significantly different (mainly
lower) from the label value. The brand “Nitra®” had
a significantly higher concentration (181.7 ppm)
compared with the label value (109 ppm). The same
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test was used and revealed that only 5 brands (Colgate
“Total™, Colgate “Soin Complete™, Florosept®, Signal
“Sensitive Expert”, Durban’s®) contained fluoride at a
concentration that is not significantly different from
the recommended concentration in daily mouthrinses
0.05% (225 ppm) (Table 3).

The analysis of variance was used to compare the
means of the fluoride concentrations in the 19 brands
with fluoride listed in their labels, and it shows that
the differences are statistically significant (p<0.001).
Pot-hoc comparison results indicate that the brands
Nitra® and Sensodyne “Pronamel™ are significantly
different from other brands.

Discussion. Systematic reviews of clinical trials
concluded that NaF mouthrinses may have an
anti-caries effect in children with a limited background
of fluoride exposure.® Similar conclusions were reported
by 2 Cochrane reviews: there were some evidence
that daily NaF mouthrinses (0.05%, 225 ppm) could
reduce the occurrence and severity of white spot lesions
during orthodontic treatment, and topical fluorides
(mouthrinses, gels, or varnishes) used in addition to
fluoride toothpaste achieve the greatest reduction in
caries compared with toothpaste used alone.” Almost
all the studied fluoride mouthrinses contain fluoride
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Table 3 - Means of the pH values of the studied brands, and t-test comparisons between the mean fluoride concentrations and
the labeled values and the recommended concentration (225 ppm).

Brand pH Fluoride (ppm) Label value t-test with  t-test with
(ppm) label 225 ppm
Mean SD Mean p-value p-value
Aquafresh (Extreme Clean) 6.86 0.19 249.5 2.8 250 0.349 <0.001*
Aquafresh (Extra Care) 6.68 0.04 245.7 3.4 250 <0.001* <0.001*
Colgate (Total) 5.86 0.03 224.7 3.6 225 0.740 0.740
Colgate (Multiprotection) 5.46 0.32 223.5 2.0 250 <0.001* 0.004*
Colgate (Soin Complete) 6.65 0.22 224.6 2.9 250 <0.001* 0.575
Depurdent 5.89 0.11 2519 3.8 250 0.048* <0.001*
El-Cemed 6.69 0.07 249.4 2.0 250 0.245 <0.001*
Enliven 6.37 0.05 224.6 0.9 250 <0.001* 0.048*
Emofluor 5.70 0.02 247.7 1.9 250 <0.001* <0.001*
Florosept 6.40 0.62 224.4 1.5 250 <0.001* 0.107
Lacalut 5.33 0.35 221.5 2.9 225 <0.001* <0.001*
Listerine 6.60 0.36 219.7 1.7 220 0.480 <0.001*
Classic Mint 6.03 0.07 224.2 1.5 250 <0.001* 0.039*
Nitra 6.24 0.02 181.7 3.4 109 <0.001* <0.001*
Paradontax 6.80 0.30 249.5 2.1 250 0.288 <0.001*
Sensodyne (Pronamel) 6.02 0.03 448.7 3.8 450 0.172 <0.001*
Signal (Sensitive Expert) 6.30 0.36 224.6 1.2 225 0.174 0.174
Signal (Integral) 6.47 0.38 223.9 1.4 225 0.004* 0.004*
Sensodyne (Gentle Mouthrinse) 6.33 0.03 249.9 4.1 250 0.882 <0.001*
Colgate (Fresh Tea) 5.79 0.23 224.0 0.9 - - 0.035*
Durban’s 6.47 1.14 227.5 3.7 - - 0.161
Pearl drops 6.55 0.01 222.9 0.7 - - 0.001*
Voza 6.27 0.22 8.4 2.5 - - <0.001*
Biosmos 5.38 0.30 222.5 0.5 - - <0.001*
Orto 5.38 0.14 526.9 375.6 - - 0.106

*Significant difference at p<0.05, ppm - part per million

of approximately 225 ppm. This is the recommended
amount for rinsing once a day, for 1-2 minutes,
before spitting out. It is also recommended to rinse at
a different time to tooth brushing. This is to increase
the frequency of exposure of dental plaque to fluoride.’
Although clinical trials showed the effectiveness of the
weekly use of 0.2% NaF mouthrinse in improving the
oral and dental health among children of school age,’
mouthrinses that contain such concentration are not
available in Saudi Arabia. The highest concentration
of fluoride tested was approximately 0.1% (450 ppm)
found in Sensodyne “Pronamel”. Governmental
initiatives to implement the fluoride 0.2% mouthrinse
programs (on a weekly basis) should be studied to aid in
the prevention of dental caries.

Concerns over fluoride toxicity frequently arise
especially for use by children. The approximate toxic
dose of fluoride has been estimated to be 5 mg/kg.
Therefore, accurate labeling and controlled production
of the prescribed concentration of fluoride by the
manufactures, and supervised use by the parents is
essential to prevent any toxic reactions.

In this study, the average fluoride concentration
of the tested brands presented with a wide range
(8.4-448.7 ppm). This clearly illustrates the significance
of this investigation for dental professionals. Knowledge
of the available products and the range of fluoride
concentration in the market is critical for accurate
oral health promotion recommendations. Significant
discrepancies in the fluoride concentrations observed
in some brands “Nitra®, Voza®” reveals that more
regulations and monitoring by the responsible agencies
are needed to control these health-related products,
especially that 5 out of the 6 non-labeled brands contain
fluoride.

Few studies have investigated the discrepancy
in the fluoride concentration in mouthrinses;
Delbem et al® found that the fluoride concentrations are
rarely coincident with the values on the label. Moreover,
Pizzatto etal’ stated thatall the tested solutions presented
fluoride concentration above the required concentration
in the dentist’s prescription. However, Tabchoury et
al' found that most of the mouthrinses prepared in 5
pharmacies indicated a fluoride concentration close to

the expected value. The pH of the 25 brands analyzed
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varied from 5.38-6.86 and none of them indicated
the pH value on the label. The current study supports
the earlier conclusions on the discrepancy between
the measured fluoride concentration, and the amount
indicated in the manufactures’ labels. Although Delbem
et al® reported that most of the tested mouthrinses
actually had concentrations of fluoride above the
manufactures’ label value. The present study found
that most of the mouthrinses provided fluoride at
concentrations below the manufacturers’™ label values.
Every attempt was made to include all the available
mouth rinse brands; however, there is a possibility
that other brands in the market were not tested. More
powerful statistical analyses could have been performed
if more bottles were purchased. However, the sample
size of 3 bottles per batch and 2 batches per brand was
considered appropriate, especially that each bottle was
tested 3 times. Future studies can be designed to test
the caries prevention clinical effectiveness, and the
risks associated with the daily use of different fluoride
containing mouthrinses (225 ppm and 450 ppm).

In conclusion, most of the commercially available
mouthrinses provide topical fluoride to the consumers
at concentrations below the manufacturers’ label value,
but above the recommended 0.05%. One product
contained only 0.2% fluoride, and 2 brands provide
significantly low concentrations. Discrepancies in the
fluoride concentration exist within the same batch and
between batches of some brands.
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