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Key Words Abstract
Fluoride, concentration Based on the current concept of the caries-preventive mechanism of fluoride, *
Fluoride varnish the fluoride concentration of some professionally applied fluoride prepara-

tions appears unnecessarily high. The aim of this trial was to study whether ’
reducing the fluoride concentration of the sodium fluoride varnish Duraphat®
from the present 2.3% to 11% affects its clinical efficacy. A total of 274 '
children aged 12-14 years and having high past caries experience were random- |
ly divided into two groups. The participants received 3 annual applications of
either 2.3% or 1.1% varnish for 3 years. Clinical and radiographical examina-
tions were performed at baseline and at the end of the follow-up. The mean ‘
total DMFS increments of the 2.3% and 1.1% varnish groups were 5.5 (SD5.7) |
and 5.7 (5.3), respectively, when initial caries was excluded, and 14.3 (12.0) and
14.9 (12.9) when initial caries was included. The differences were statistically
non-significant. There were no significant differences in the surface-specific
DMES increments between the groups either. The 95% confidence interval for
the difference between the groups in total mean DMFS increment (initial
caries excluded) was calculated at -1.21 to +1.54,1.e. at this level of confidence .
at most 0.5 surfaces per year would have been saved using the more concentrat-
ed varnish. Consequently, it can be stated at a reasonable level of certainty that
if a difference in the efficacy of the two varnishes exists, it probably is minute.
Lowering the fluoride concentration of Duraphat is worth considering at least °
when used for children.

Concentrated topical fluorides were originally devel- creased by increasing the concentration of a fluoride solu-
oped with a view of increasing the amount of firmly bound  tion from0.1to 0.9% [Saxegaard and Rella, 1988], thereis
fluoride in the surface enamel, which requires relatively little evidence of a dose-response relationship using more
high fluoride concentrations in the preparations. Accord- concentrated fluoride preparations. In an early study of
ing to the current concept, however, the caries-preventive  Galagan and Knutson [1948] no significant difference in |,
effect of concentrated topical fluorides is mainly based on the clinical efficacy between a 1% and a 2% NaF solution
the slow release of calcium fluoride-like material formed ~ was observed. In vivo and in situ model experiment with
during the application [Rglla, 1988]. Although the severe caries challenges showed no dose-response rela-
amount of calcium fluoride on the enamel can be in- tionship for concentrated fluoride solutions [Pgaard and .
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Rglla, 1992]. Whether fluoride was applied as neutral
0.05, 0.2 or 2% NaF solutions daily, weekly or as one
single application, the cariostatic effects were not signif-
icantly different. However, in a clinical study [Hagan and
Bawden, 1985], there was a tendency for 0.6% acidulated
phosphate fluoride to be somewhat less effective than
1.23% acidulated phosphate fluoride, although the differ-
ence was not statistically significant.

In children, high plasma fluoride values after applica-
tion of 1.1% fluoride gel have been found [Ekstrand et al.,
1981]. Consequently, the safety of concentrated topical
fluorides in children has aroused some concern in recent
years. The sodium fluoride varnish Duraphat®, common-
ly used in Europe, has a fluoride concentration as high as
2.3%. Application of Duraphat can be considered safer
than treatment with fluoride gels [Ekstrand et al., 1980},
probably mainly due to the slow release of the varnish
material from the teeth. No adverse effects of the high
fluoride concentration of the varnish have been reported
so far. However, in the light of the current concept of the
cariostatic mechanism of fluoride, the fluoride content of
Duraphat appears to be unneccessarily high especially
when used for children. The dose of fluoride received
from the varnish is dependent on several factors, among

which the fluoride concentration is only one. However,
the lower the fluoride concentration, the smaller the like-
lihood of harmful effects even in case of excessive use of
material, Therefore, it would seem reasonable to lower
the fluoride concentration if the clinical efficacy were the
same. In a previous in vitro study, no significant difference
in remineralization of enamel was found with Duraphat
containing 2.3 or 1.1% fluoride [Sepp4, 1988]. Further-
more, in a study in rats, reducing the fluoride content of
Duraphat by half did not significantly reduce its efficacy,
but the progress of caries seemed somewhat slower with
the 2.3% varnish [Sepp4 et al., 1989]. In a clinical study by
Haugejorden and Nord [1991], 2.3% Duraphat was not
more effective than 1.8% experimental sodium flucride
varnish. The aim of this randomized trial was to study

whether reducing the fluoride content of Duraphat by half
affects its clinical efficacy.

Materials and Methods

The participants were selected so that of all the 12- to 14-year-old
residents of Kuopic about 20% (n =326) with the highest DMFS and
initial caries (grade 1) scores were asked to participate in the study.
The piped water of Kuopio was fluoridated (1.0 ppm) during the
study. Positive consent was received from the parents of 274 children.
These children were randomly divided into two groups. The first

Table 1. Mean values (+SD) for DMFS and sealants

2.3% varnish 1.1% varnish
Baseline DMFS 8.9+7.0 8.5+6.0
Final DMFS 13.1+11.0 12.7£9.4
Sealants 5.8%£3.2 5.5%3.2

group received applications of a sodium fluoride varnish Duraphat
(Woelm, FRG) containing 2.26% fluoride, and the second group
received applications of Duraphat in which the fluoride content had
beenreduced to1.13% (the experimental varnish was provided by the
manufacturer). Applications of both varnishes were performed 3
times a year at 4-month intervals. The varnish was applied according
to the manufacturer’s instructions using brushes or cartridges. The
children were told not to eat for 2 h and not to brush their teeth onthe
day of application. During the study period of 3years the children
received ordinary dental care provided by the Public Dental Clinics.
In principle, for adolescents with high caries risk this includes annuat
dental check-ups, restorative care when needed, fluoride applica-
tions, fissure sealants in second molars and intensified dental health
education. For the participants of this study, applications of the var-
nishes comprised the only mode of professional fluoride treatment.
Clinical recordings were performed by L.P. and the examination
of bite-wing radiographs by L.S. at the beginning of the study and
after 3 years. The dentists performing the clinical and radiographic
examinations did not know to which group the children belonged.
Caries was registered according to Moller and Poulsen [1973]. In
addition, the number of sealants present at the end of the follow-up
was recorded.

Student’st tests for independent samples were applied for analys-
ing the differences between the two groups. Confidence intervals
were calculated for both the mean increment valuesand their absolute
differences [Altman and Gardner, 1989], and the percentage differ-
ences between the groups [Wallenstein et al., 1982]. The possible
effect of the slight imbalance between the groups in baseline DMFS
values was evaluated using analyses of covariance.

Results

A total of 247 children, 122 in the 2.3% varnish group
and 127 in the 1.1% varnish group, completed the study.
The mean baseline DMFS values were not significantly
different for the two treatment groups. The same was true
for the number of sealants at the end of the study (table 1).
The surface-specific and total mean 3-year DMFS incre-
ments and the differences between the groups are shown
in figure 1 with their 95% confidence intervals. In this
figure, initial caries (grade 1) has been omitted. When
initial caries was included, the total DMFS increments for
2.3% and 1.1% varnish groups were 14.3 (§D 12.0) and 14.9
(12.9), respectively. None of the observed differences was
statistically significant. For the total DMFS, the mean
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Fig. 1. Mean 3-year DMFS increments
(initial caries excluded) with their 95% confi-
dence intervals in the two varnish groups.
The difference (Diff.) between the groups 23%
and its confidence interval are also given.
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difference was 0.2 wheninitial caries was excluded (fig. 1).
The 95% confidence interval for the mean difference was
from -1.2 (1.2 surfaces in favour of the 1.1% varnish) to 1.5
(1.5 surfaces in favour of the 2.3% varnish). The 90%
confidence interval for the percentage difference (1.1%
vs. 2.3% varnish) was from -16 to 27%. The covariance
adjustment increased the difference in the total DMFS
increment without initial caries by 0.1 surfaces. Even the
covariance-adjusted difference was statistically non-sig-
nificant (p=0.716).

Discussion

Ninety percent of the original participants completed
the study. The number of drop-outs can be considered
small for a 3-year study. For ethical reasons, no placebo
control group could be included in the study. Thus this
study does not reveal information about the actual caries-
preventive efficacy of the varnishes. However, there is
enough evidence on the efficacy of the 2.3% varnish to
allow its use as a reference material. The fact that the
drinking water in Kuopio was fluoridated during the study

is unlikely to have affected the difference between the two
groups, since both groups used this water.

Three annual applications per year instead of the more
common regimen of semi-annual applications were cho-
sen for the present study because at that time we antici-
pated that an increased frequency of applications would
allow the possible difference between the varnishes to
show better. However, we later found that fluoride var-
nish applications performed 4 times a year were not more
effective than semi-annual applications [Seppé and Tolo-
nen, 1990]. At present, the varnish is seldom applied more
than twice a year in Finland. ‘

An expert committee commissioned by the ADA
Council of Dental Therapeutics [1988] has developed gui-
delines for superiority and equivalence submissions of flu-
oride dentifrices. Recently these guidelines have been
amended to include the ‘at least as good’ (LAG) claim for
demonstrating efficacy [Kingman, 1992]. Using this ap-
proach it is sufficient for a LAG claim to show that the
upper limit of the 90% confidence interval for the ratio
(R) of the true average caries increments for the test and
control products, respectively, is less than 1.1 or 110%. In
our study this upper limit would correspond to a 10%
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difference in favour of the 2.3% varnish. The observed
upper limit was 27%, which is too wide for a formal LAG
claim according to the above decision rule. For conclusive
evidence on the equivalence of the two varnishes, larger
studies are needed.

All the observed differences in caries increment be-
tween the two groups were statistically non-significant.
The point estimate for the difference in mean total DMFS
increment (0.2 surfaces in favour of the 2.3% varnish in 3
years) clearly was also clinically insignificant. At 95%
confidence, the mean DMFS increment was at most 1.5
surfaces lower in the group treated with the 2.3% varnish
thanin the1.1% varnish group, i.e. at most 0.5 surfaces per
year would have been saved using the more concentrated
varnish. Even this size of difference can be considered
being of little clinical significance. On the other hand, at
the same level of confidence the difference could have
been up to 1.2 surfaces in 3 years in favour of the less
concentrated varnish. The confidence intervals for the
surface-specific differences were in line with those of the
total DMFS increment. Consequently it can be stated at a

reasonable level of certainty that if a difference in the
efficacy of the two varnishes exists, it most probably is
minute.

The results are in line with our previous in vitro and
animal studies of Duraphat with 2.3% and 1.1% varnishes
[Seppi, 1988; Seppé et al., 1989)]. Bearing in mind the
current concept of the caries-preventive mechanism of
concentrated fluorides it is also theoretically feasible that
a fluoride concentration of 1.1% is high enough for maxi-
mal protection of the enamel. Although no adverse effects
of the high fluoride concentration of Duraphat have been
reported so far, further studies on a less concentrated var-
nish are indicated especially considering the use of Du-
raphat in children.
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