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Clinical effectiveness of some fluoride-containing
toothpastes*

A GROUP OF EXPERTS1

Comparisons were made of the clinical effectiveness of two small groups offluoride-
containing toothpastes on the basis ofpublished and unpublished information available to
the group. One comparison showed that particular sodium fluoride/silica and stannous
fluoride/calcium pyrophosphate formulations were effective in reducing the incidence of
dental caries in schoolchildren and that theformer toothpaste was more effective than the
latter. A separate comparison showed that certain toothpastes containing sodium mono-
fluorophosphateformulated with either an alumina or an insoluble metaphosphate abrasive
were also effective in reducing and controlling caries. The group recommended that there
was a needfor additionalfield trials in which direct comparisons could be made between a
wide variety offormulations, and that further research should be carried out to develop
improvedformulations. Extension ofthe use ofadequatelyformulatedfluoride-containing
toothpastes is recommended as a valuable public health measure to reduce the incidence of
dental caries.

During the past 25 years, several toothpastes
containing fluorine in some form (hereinafter
referred to as "fluoride-containing toothpastes")
have been tested in clinical field studies and it has been
shown that some of these toothpastes have moderate
cariostatic properties. Such trials have shown that, in
communities that previously had a relatively high
prevalence of caries, ad libitum use of properly
formulated fluoride-containing toothpastes by chil-
dren living in areas with either a fluoride-deficient or
an optimally fluoridated water supply results in a
clinically important reduction in the incidence of
dental decay. Specific fluorine compounds in these
toothpastes include amine fluorides, sodium fluoride,
sodium monofluorophosphate, and stannous
fluoride. Most of these commercially marketed tooth-
pastes contain about 1000 mg F/kg, a convention

* This review does not signify, expressly or by implication, that
the group of experts endorses or recommends any of the products
mentioned in this report in preference to other products that are not
mentioned.

' This article has been prepared on the basis of the reports of two
meetings of the group held in July and November 1981. The members
of the group are listed on page 638. Requests for reprints
should be addressed to Chief, Oral Health, World Health Organiz-
ation, 1211 Geneva 27, Switzerland.

with little or no scientific rationale.
It is recognized that the abrasive agent in these

products plays a key role in product stability and
effectiveness. This has led to the development of
several abrasives that have desirable properties when
used in fluoride-containing toothpastes. In large
measure, it is the compatibility and proper formu-
lation of the fluoride compound and the abrasive
agent that determine the potential effectiveness of the
toothpaste in the context of caries prevention.

In view of the need for WHO to be able to recom-
mend effective methods of preventing dental caries to
countries that request assistance, the present group of
experts met in Geneva to review data concerning the
formulation, stability, safety, and effectiveness of
several fluoride-containing toothpastes incorporating
different abrasive materials. Interest in toothpastes
containing fluoride has increased because of the belief
that the widespread utilization of these toothpastes in
many developed countries has played an important
role in reducing caries prevalence among children
(1-3). The introduction of these toothpastes may
therefore halt or slow the trend of increasing caries
prevalence that has been demonstrated in many
developing countries, particularly in their urban
communities.
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COMPARISON OF SODIUM FLUORIDE/SILICA AND
STANNOUS FLUORIDE/CALCIUM PYROPHOSPHATE FORMULATIONS

Product formulation and technical considerations
The sodium fluoride/silica toothpaste reviewed

contains 2.4 g of sodium fluoride per kilogram
(1100 mg F/kg). The information available to the
group indicated that the abrasive is a specially precipi-
tated silicon dioxide that is treated to ensure a mini-
mum reaction with fluoride. The formulation is
designed to produce a high level of soluble and free
ionic fluoride. Abrasive particle size and hardness are
such that the toothpaste removes adhering organic
material effectively from the tooth, but is safe for the
tooth enamel. The paste is buffered to pH 7.10 ± 0.15
to ensure availability of the free fluoride. Data
demonstrating the presence of free fluoride in this
product, its continued availability over long storage
periods, and the compatibility of the product with
packaging materials were reviewed and found to be
adequate.

Laboratory studies in which the sodium fluoride/
silica (SFS) toothpaste was compared with the
stannous fluoride/calcium pyrophosphate (SFCP)
formulation were reviewed. In comparison with
SFCP, the former product resulted in increased
uptake of fluoride by artificial lesions in enamel
mounted in oral appliances (4), as well as by incipient
natural lesions in exfoliated deciduous teeth (5) of
children who had used the toothpaste. It has been
shown in situ that fluoride promotes remineraliz-
ation of tooth enamel and this was postulated to be a
mechanism for the improved clinical effectiveness.
No data were provided to establish whether the level
of 1100 mg F/kg in SFS was the optimum for clin-
ical efficacy, and further study is required of this
aspect, as well as of the mechanism of action.

In summary, the information available indicated
that the SFS toothpaste is properly formulated, with a
highly compatible abrasive system, and with proper-
ties that might be expected to produce a clinically
significant reduction in caries.

Clinical effectiveness
In order to assess effectiveness, the results of two

clinical trials, each conducted for three years, in com-
munities with non-fluoridated water supplies were
reviewed. In one study in Indiana, USA, 1206 chil-
dren completed the trial (6), while in the other in
Ohio, USA, 1754 children were present at the final
examination (7). Visual-tactile and radiographic
methods of caries detection were used in both studies.
The criteria described by Radike for clinical diagnosis
of caries were used (8).

In both studies, children were randomly allocated
to groups after stratification by age, sex, and baseline
DMFS.a One important difference distinguished the
two trials. In the Indiana study, children were
allocated to two groups-one to brush with the SFS
toothpaste, the other with the SFCP product. The
Ohio study also included a placebo control group.
Thus, the relative effectiveness of the two toothpastes
could be determined in both studies, while the
absolute effectiveness was examined only in the Ohio
study.
These two trials were carried out with due attention

to the commonly accepted requirements for clinical
trials (9) and were consistent with each other in
reporting, after each year of the trial, that the SFS
toothpaste was more effective than the SFCP tooth-
paste in reducing the increment in clinical caries.
Nevertheless, the group drew attention to several
points that should be borne in mind when interpreting
the results:

1. The data from one study (7), plus supplemen-
tary information available to the group, suggest that
there may have been substantial variation in the
application of diagnostic criteria from year to year.
This was suggested by:

(a) a rate of reversals in diagnosis of 1.00 DMFS
per individual in the control group after three
years, whereas the reversal rates in the other
groups were 1.25 and 1.35 DMFS;
(b) an increment between years 2 and 3 of 3.18
DMFS in the control group, as compared with
an increment of 0.87 DMFS between baseline and
year 1 and of 1.97 DMFS between years 1 and 2 in
the same group.
2. The large sample size increased the power of the

statistical test to a degree which could make clinically
small differences statistically significant. However,
the actual differences between the two toothpastes, as
regards reduction of DMFS increment were substan-
tial, the values reported by the three investigators
being, respectively, 0.59, 0.73, and 1.04 over the
three-year study period.

3. Information was not available to allow differen-
tiation of visual-tactile and radiographic findings.

CONCLUSIONS

1. It is concluded that the specific sodium
fluoride/precipitated silica toothpaste reviewed is

° DMFS = decayed, missing, or filled surfaces.
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effective in reducing the incidence of dental caries and
that it is more effective in this respect than the stan-
nous fluoride/calcium pyrophosphate toothpaste
with which it was compared.

2. While the differences in DMFS increments were
substantial, it cannot be concluded that they would
be of similar magnitude in whole populations.
Nevertheless, it is important to recognize that
increased protection was obtained at no additional
cost to the consumer and that even small additional
benefits summed over an entire population may

represent important gains in oral health.
3. Apart from the study by Edlund & Koch (10),

in which a toothpaste of similar, but not identical,
formulation was used, no direct evidence is available
concerning the relative effectiveness of the sodium
fluoride/silica formulation and other correctly
formulated fluoride toothpastes available on the
market. To obtain evidence on this point further
clinical trials will be necessary in which direct
comparisons should be made between several tooth-
pastes.

COMPARISON OF SODIUM MONOFLUOROPHOSPHATE TOOTHPASTES
WITH DIFFERENT ABRASIVES

Product formulation and technical considerations

Four different fluoride-containing toothpastes
were reviewed, though the main evidence concerned
two sodium monofluorophosphate/alumina formu-
lations. The main formulation features of the four
products (A, B, C, and D) are as follows:

A. A moderately abrasive toothpaste containing
8 g of sodium monofluorophosphate (MFP) per
kilogram (1000 mg F/kg) incorporating 500-
550 g of an alpha-aluminium oxide trihydrate
(alumina) abrasive per kilogram, this material
having a mean particle size of 14 itm with a rela-
tive dentine abrasivity (RDA) of about 110
units.

B. A low abrasive toothpaste with 8 g of MFP per
kilogram and an alumina abrasive consisting of
a mixture of 6 ,sm and 0.5 gm diameter particles
with an RDA of about 60 units.

C. A toothpaste containing 8 g of MFP per
kilogram formulated with an insoluble meta-
phosphate (IMP) abrasive with an RDA of
about 60 units.

D. A toothpaste containing 12 g of MFP per kilo-
gram (approximately 1500 mg F/kg) formu-
lated with an IMP abrasive with an RDA of
about 60 units.

With respect to the moderately and low abrasive
formulations (A and B), the information available to
the group indicated that the cleaning power of the
two toothpastes was approximately equal, but that,
in comparison to the former paste, the low abrasive
formulation resulted in the retention in the oral
cavity of twice the amount of fluoride. Storage tests
conducted for twelve months at 37 °C and for six-
teen months at 50 'C had shown that both MFP/

alumina formulations were essentially stable and
that after storage the available fluoride was of
clinical significance. In comparative tests with
calcium phosphate and calcium carbonate abrasives,
alumina had been shown to be superior with respect
to available fluoride retained after prolonged storage
at elevated temperatures.
The compatibility of the MFP/alumina tooth-

pastes with the packaging materials used appeared to
be adequate, and the product conformed with the
safety requirements of the European Economic
Community. Nevertheless, the information reviewed
by the group showed that the precise formulation,
though subject to strict quality control, might vary
from country to country depending on local
conditions and requirements. Data were presented to
the group to illustrate a possible mechanism for the
anti-caries action of MFP. The monofluorophos-
phate ion binds to the apatite-like crystal surfaces
in the dental enamel and subsequent hydrolysis
gradually releases F - ions into the aqueous environ-
ment at concentrations known to promote remineral-
ization.

Specific product formulation and other laboratory
information on the two MFP/IMP toothpastes (C
and D) were not available, hence the evaluation of
these products was strictly limited to the clinical find-
ings discussed in the following section.

Clinical effectiveness
The evidence regarding clinical effectiveness was

generated mainly by two clinical studies conducted in
children in Bristol and Berkshire, areas in the United
Kingdom with fluoride-deficient water supplies (11,
12). The studies were carried out with due attention
to the commonly accepted requirements for clinical

635



636 A GROUP OF EXPERTS

trials (9). Some additional unpublished details about
these trials were also available for review.
The first clinical trial, conducted over a three-year

period in Bristol, tested the effectiveness of unsuper-
vised use of the 0.8% MFP toothpaste (A, page 635)
in reducing caries incidence (11). The trial on 846
children aged 11 - 12 years was adequately designed
and conducted using both clinical and radiographic
findings. A total of 700 children completed the
study. The mean increment in caries over the three
years was 1.67 DMFS (18.90/o) less in the test group
than in the placebo group, based on combined
clinical and radiographic data. The 95% confidence
interval provided a range of 10.2% to 27.6%, indi-
cating a statistically significant effect at that prob-
ability level. The caries reduction within the test
group was greater on proximal than on other sur-
faces and greater on teeth erupting during the study
than on all teeth considered together.
The second clinical trial attempted to determine

the effectiveness of toothpastes A and B in reducing
caries when evaluated against a placebo toothpaste
(12). A total of 1431 Berkshire children aged 11 - 13
years were stratified and randomly allocated to one
of the three study groups established for this three-
year, double-blind study. Two clinicians with accep-
table inter- and intra-examiner reproducibility
examined the children, of whom 1106 completed the
study. For the low abrasive toothpaste (B) the
combined clinical and radiographic findings showed
that the DMFS increment over the three years was
2.21 (34%) less than in the placebo group, a result
that was statistically significant. With the moderately
abrasive toothpaste (A) the mean reduction in incre-
ment was 1.71 DMFS or 27%, also statistically
significant. Between the low and moderately
abrasive fluoride toothpastes a non-significant
difference in DMFS increment of 0.50 or 1% was
observed. As expected, the teeth erupting during the
study benefited to a greater extent than already
erupted teeth.

In a third study, a 0.8% MFP (C), a 1.2% MFP
(D), and placebo toothpastes were compared to
evaluate whether a toothpaste with a higher fluoride
content might achieve a greater reduction in caries
increment than that usually observed with the more
conventional formulations containing 1000 mg F/
kg. All the toothpastes were formulated with the
IMP abrasive. This three-year clinical trial was
undertaken in the non-fluoridated town of Munster,
Federal Republic of Germany, and adhered to the
design and methodology guidelines of the Inter-
national Dental Federation. Of 1562 children aged
11 - 12 years who entered the study, 1286 completed
it. Again, clinical and radiographic findings were
recorded. Unpublished results available to the group
showed that, for toothpaste D, over the three years,

there was a difference in DMFS increment of 4.6 or
27% compared with the placebo. For toothpaste C
the analogous result was a reduction in DMFS
increment of 3.1 or 18%. Between the two fluoride-
containing toothpastes, the difference in mean
DMFS increments was 1.5 or 1I% in favour of
toothpaste D. Both toothpastes were significantly
better statistically than the placebo, and thus this
trial provided evidence that both MFP/IMP formu-
lations were effective caries-reducing agents in the
population studied.

However, the group considered that the Munster
study did not provide sufficient evidence for
increased effectiveness of the 1.2% MFP/IMP
toothpaste relative to the 0.8% MFP/IMP tooth-
paste for the following reasons:

(a) The one-tailed Student's t-test is not con-
sidered appropriate for comparing the difference
between the two toothpastes, though it should be
noted that the difference was significant (P < 0.01)
even when a 2-tailed test was used.

(b) The baseline DMFS scores of 17.6- 18.0 in
11 - 12-year-old children as well as the mean DMFS
increments over three years of 12.6- 17.1 are excep-
tionally high for this age group.

(c) The ratio of DMFS/DMFTb exceeds a value of
3 in the control group.

The above points suggest the possibility of
methodological error, or other aberration, both of
which should give rise to caution in interpreting the
results. This concern becomes critical when evalu-
ating reported differences in caries increments as
small as 11%.

CONCLUSIONS

1. It is concluded that the toothpastes reviewed,
containing not less than 0.8% sodium monofluoro-
phosphate in conjunction with the specific alumina
or IMP abrasives, are effective in reducing the inci-
dence of dental caries. This conclusion applies to
both the moderately and the low abrasive alumina
formulations.

2. Further research is recommended to determine
whether a 0.8% sodium monofluorophosphate/
alumina toothpaste of low abrasivity (toothpaste B,
RDA of about 60 units) is more effective than the
moderately abrasive toothpaste (toothpaste A, RDA
of about 110 units).

3. Further research is also recommended to
evaluate whether effectiveness of MFP/IMP tooth-
pastes is increased by using concentrations higher
than 0.8%.

b DMFT = decayed, missing, or filled teeth.
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GENERAL RECOMMENDATIONS

1. The group recommends that studies be con-
ducted to compare directly the relative effectiveness
of various fluoride toothpastes in populations of
different ages and with different levels of suscepti-
bility to dental caries.

2. The group recommends that the potential for
increased effectiveness of some of the toothpastes
reviewed in this report be fully explored by conduct-
ing further research on these new formulations.

3. The group encourages manufacturers of
fluoride toothpastes to provide adequate technical
advice and support for local production of effective
fluoride toothpastes in developing countries to
achieve maximum availability to the public.

4. The group recommends that toothbrushing
with effective fluoride toothpastes be included as an
integral component of public health programmes to
improve oral health.

RtSUMt

EFFICACITE CLINIQUE DE CERTAINES PATES DENTIFRICE FLUOREES

On a compare l'efficacite clinique de deux petits groupes
de pates dentifrice fluor6es sur la base de donnees publiees et
non publi&es. L'une des comparaisons a revel que certaines
pr6parations a base de fluosilicate de sodium et de fluorure
d'6tain/pyrophosphate de calcium reduisaient efficacement
l'incidence des caries dentaires chez les ecoliers, la premiere
etant a cet egard plus active que la seconde. Une autre
comparaison a montre que certaines pates dentifrice a base
de monofluorophosphate de sodium ajout6es a un abrasif
constitue d'alumine ou de metaphosphate insoluble

permettaient de reduire voire de prevenir les caries. Le
groupe recommande de poursuivre les essais en situation
reelle afin de comparer directement les preparations les plus
diverses et de poursuivre la recherche en vue de mettre au
point de meilleures formules. II est en outre recommande de
developper l'utilisation des pates dentifrice fluorees
correctement formulees, car c'est une mesure de sante
publique utile pour la reduction de l'incidence des caries
dentaires.
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