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Prevention of Rat Fissure Caries by Sodium Fluoride Varnish (Duraphat®) with
. Different Fluoride Concentrations
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Abstract. 125 Osborne-Mendel rats were weaned at 22-23 days, inoculated with Streptococcus sobrinus and
fed a cariogenic diet for 40 days. The control group received no treatment; the study groups received applica-
ions of Duraphat® containing 2.3, 1.1, or 0.6% fluoride or a placebo varnish on days 21-23. The placebo var-
nish had no effect on caries. Fissure caries was significantly reduced by the 2.3 and 1.1% fluoride varnishes,

'whereas the caries reduction found after treatment with the 0.6% fluoride varnish was not statistically signifi-
“ant. These results suggest that reducing the fluoride content of Duraphat by half does not significantly reduce

iits caries-preventive effect, but the progress of caries seems to be somewhat slower with the 2.3% fluoride var-

nish,

. According to the modern concept, the caries-pre-
ventive effect of fluoride is based on the presence of
small amounts of fluoride at the saliva-plaque-enamel
|interface rather than on the increase in the fluoride
‘wontent of the enamel, which requires relatively high
fluoride concentrations. The established efficacy of
wneentrated fluorides has been suggested to be
mainly due to deposition of soluble calcium fluoride
on the enamel and acting as a slowly dissolving fluo-
fide reservoir [Fejerskov et al., 1981; Saxegaard and
Rélla, 1988].

In several studies, the effect of a fluoride regimen
1n caries prevention or de- and remineralisation of en-
amel has not been directly proportional to the fluo-
fide content of the preparation [ten Cate and Simons,
1986, De Bruyn et al., 1986, 1988; Goorhuis and Pur-
dell-Lewis, 1986; Ripa et al., 1988]. Based on this, the
fluoride concentrations of some professionally ap-
plied topical fluorides seem unnecessarily high. The
sodium fluoride varnish Duraphat® commonly used
for caries prevention in Europe has a fluoride concen-
tation as high as 2.3%. Although application of Du-
raphat can be considered safe if varnish is applied
parsely [Ekstrand et al., 1980; Seppd and Hanhijérvi,
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1983; Roberts and Longhurst, 1987}, there is a poten-
tial for overdosage in younger children if the manu-
facturer’s instructions are not followed. Therefore, it
would seem reasonable to lower the fluoride concen-
tration if the caries-preventive results were the same.
In a previous in vitro study, no significant difference
in remineralization of enamel was found between Du-
raphat containing 2.3 and 1.1% fluoride [Seppd,
1988]. The aim of this study was to determine whether
reducing the amount of fluoride in Duraphat has any
effect on caries prevention in rats.

Materials and Methods

The study was carried out on 125 Osborne-Mendel rats of both
sexes with a male:female ratio of about 1:1. All animals were
weaned 22-23 days after birth after which they were randomly dis-
tributed into five groups. On the st and 2nd days of the experi-
ment, the mouths of all animals were inoculated with a fresh culture
of Streptococcus mutans ATCC 27351 [K-1; Fitzgerald, 1968, now
known as S. sobrinus]. After weaning, all rats were fed a cariogenic
diet [modified formula 200 of Navia et al., 1969] containing 49%
sucrose and 18% wheat fluor. On the Ist, 2nd and 3rd day the rats
were treated as follows: group 1: control, no treatment; group 2:
Duraphat placebo; group 3: 2.26% Duraphat (Woelm, FRG)
group 4: 1.13% Duraphat; group 5: 0.56% Duraphat.

Using small forceps and a foam rubber swab, the varnish was
applied on the molars of unanesthetized animals for about 15 s/an-
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Fig. 1. Mean numbser of fissure caries lesions (+ SE) in rats fed
for 40 days. 1 = Control; 2 = placebo; 3 = Duraphat with 2.3% F;
4 = Duraphat with 1.1% F; 5 = Duraphat with 0.6% F.

imal. Immediately after the application the rats were returned to the
cages, in which food and water were available.

Three and 11 days after the last fluoride varnish application,
bacterial cultivations were made in 5 rats/group. One upper and
lower molar segment was swabbed 10 s each with a sterile cotton
swab which was cut off into 1 mi KH,PO, buffer. 10! and 10 dilu-
tions were made and 50-pl aliquots were plated in MSB media
{Gold et al., 1973]. Plates were incubated anaerabically at 37°C for
72 h. Colonies of S. mutanswere counted.

The rats were kept in plastic cages with wire bottoms made of
stainless steel, 4 rats per cage (room temperature 22-24°C, relative
humidity 55-60%). Food and distilled water were available ad libi-
tum. After the 40-day feeding period, the rats were sacrificed and
the jaws were removed. The lower jaw and one half of the upper jaw
were bisectioned sagittally and stained with Schiff’s reagent. Caries
was scored in three grades (A = enamel lesions, T = lesions reach-
ing dentinoenamel junction, B = advanced dentin lesions) and
cumulated [Konig, 1966). Sixteen fissures/animal were scored.

Data were analyzed using one-way analysis of variance for de-
tecting significant differences. To avoid an inflated rate of type 1 er-
ror, Newman-Keuls multiple comparison tests were used for pair-
wise comparisons.

Results

The numbers of rats in groups 1-5 were 26, 25, 25,
25, and 24, respectively. The mean weight gains for
the respective groups were 81.5 g (SE 3.9), 93.7 g (4.8),
91.7 g (5.7), 89.9 g (4.4), and 87.0 g (4.7). The mean
weight gains of the groups did not differ significantly.

Great variations were found in S. mutans counts
between the animals irrespective of the group. In all
groups, the counts of the first cultivation tended to be
larger than those of the second one. However, no

significant differences were found either between the
control and test groups or between the test groups.

Analysis of variance revealed a significant overall
difference between the groups in the mean number of
all types of fissure caries lesions (A and T lesions:
p <0.05, B lesions: p<0.001). There was no signifi-
cant difference between the control group and the
placebo varnish group, therefore the control group
was used in the comparisons. The mean numbers of
fissure A lesions were 11.8 (SE 0.4), 11.9 (0.4), 104
(0.4), 10.8 (0.3), and 11.6 (0.4) in groups 1-5, respec-
tively. In spite of the significant overall difference,
pairwise comparisons (Newman-Keuls test) did not
reveal significant differences.

The mean amounts of fissure T and B lesions are
shown in figure [. The varnishes with 2.3 and 1.1%
fluoride reduced the amount of B lesions significantly
(p<0.05). There was a tendency toward larger reduc-
tion by the 2.3% varnish compared to the 1.1% var-
nish, but the difference did not reach statistical signif-
icance. T lesions were reduced significantly only by
the 2.3% varnish (p < 0.05). The varnish with 0.6% flu-
oride did not reduce caries significantly.

Discussion

Since there was no reason to believe that the p
tern of eating would differ between the groups,
amount of food intake was monitored only by follows
ing the weight gains of the rats. The differences in the!
mean weight gains were not significant.

Concentrated fluorides may affect bacterial metab-

olism, and in this case, delayed establishment of the

inoculated S. sobrinus might have accounted for the !

results. However, in the study of Zickert and Emilson

[1982], Duraphat had no significant effect on plaque
and salivary levels of S. mutans in children. Bacterial

cultivations made in the present study revealed no dif- -

ferences in the recovery of S.mutans between the |

groups, which suggests that caries prevention is not
explained by inhibition of bacterial growth.

The 2.3% sodium fluoride varnish significantly re-
duced fissure caries in rats, which agrees with our pre-

vious findings [Seppd et al., 1982, 1984]. The greatest |

reduction was obtained in the occurrence of advanced
dentinal lesions (B lesions). Considering these le-

sions, the varnish with 1.1% fluoride was less effective ‘
than the 2.3% varnish, although the difference was -

not significant statistically. Since T and A lesions are
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umulated values, the difference found for less ad-
vanced caries mainly originated from the difference
inthe amount of B lesions. The results suggest that the
wrnishes were equally effective in preventing caries,
but the progress of caries was slower with the 2.3%
varnish.

The amount of B lesions seemed to be slightly re-

duced also by the 0.6% fluoride varnish, but this var-
nish was clearly less effective than the more concen-
trated ones. This is somewhat surprising, since a si-
lane fluoride varnish (Fluor Protector®) with approxi-
mately the same fluoride concentration (0.7%) has
been found effective in caries prevention in some clin-
ital studies [Salem et al., 1979; Clark et al., 1985}, and
sven much lower concentrations have inhibited en-
amel dissolution in vitro and in vivo [De Bruyn et al.,
1986, 1988]. The difference may be explained by dif-
ferent physicochemical properties of the two types of
varnishes [De Bruyn and Arends, 1987, a review]. For
instance, Fluor Protector containing 0.7% fluoride
has been shown to deposit more acquired fluoride in
the enamel and soluble fluoride on the enamel than
13% Duraphat does [Dijkman et al., 1982].
At present, we do not know the duration of in-
creased fluoride activity at the plaque-enamel inter-
face after Duraphat application. When considering
the results, we must take into account that with all
used varnishes, the duration may have exceeded the
duration of the experiment. The results might have
been different if the experiment had lasted longer. For
this reason among others, the results must be inter-
preted with caution. However, reducing the fluoride
content of Duraphat by half seems to be worth study-
ingin a clinical trial. Even though there are no reports
.of side effects due to the high fluoride concentration
of Duraphat, reducing the concentration would still
increase the safety of application in children.
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