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Introduction

The oral health of children and adolescents in
Germany improved significantly [1,2] between
1994 and 2004. A similar caries decline is possible
in all industrial nations, although at differing levels.
In Eastern European countries, up to now there has
been an insignificant caries decline [3,4,5]. The
caries decline always refers to the average of each
age cohort. In addition, there are the so-called risk
groups whose oral health status is characterised by
a significantly higher caries prevalence than the
average [6]. According to German guidelines for
the use of fluorides for school children with elevat-
ed caries risk, fluoride varnishes are indicated [7].
Fluoride varnishes are able to inhibit caries by
approximately 30-40% after applications two to
four times per year.

Fluoride varnishes have been developed to
prolong the contact time of the fluoride on tooth
enamel. Richardson (1967) [8] showed an increas-
ing fluoride intake in enamel after a prolonged con-
tact time of fluoride on the enamel surface. Schmidt
(1964) [9] developed a fluoride varnish with 2.23%
sodium fluoride, which has been available since
1968 under the name Duraphat®. Subsequently,
more fluoride varnishes were developed. Today
commonly used fluoride varnishes include
Duraphat (2.26% F as sodium fluoride), Fluor
Protector (0.1 and 0.7% F as a silan fluoride) and
Bifluorid12 (5.6% F as calcium fluoride and 5.6%
F as sodium fluoride) [7].

Varnishes are characterised by the following
benefits:

• High adhesion.
• Application without the need for total mois-

ture control.
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• The hygienist can perform the applications.
• The use of applicators with cartridges allows

an exact dose and better penetration of the varnish
in the proximal surfaces.

• They are suitable for both the primary and
secondary dentition.

• They can be used for individuals in a dental
office/cabinet/practice as well as for groups taking
part in preventive programmes.

• Application is simple, with no special equip-
ment needed.

• They inhibit caries on smooth surfaces, in fis-
sures and pits.

Aims

The aims of this two-year study were to evaluate
the caries preventive effect of Bifluorid12 (VOCO
GmbH, Cuxhaven, Germany) on recently erupted
first permanent molars and to investigate whether
there were differences in the caries-preventive
effect of the varnish when the baseline caries levels
of primary molars were taken into consideration.

Methods

Two hundred and twenty-nine randomly selected
school children (average age 6.22 years) were
recruited from four elementary schools of the city
of Minsk, Belarus. A baseline oral examination was
performed to assess the caries prevalence in pri-
mary and permanent teeth according DMFT/dmft
and DMFS/dmfs Indices [10], then the subjects
were randomly divided into two groups. Group A
included 119 children and Group B 110 children.
The two groups were then divided into three sub-
groups, according the baseline caries findings at
primary molars. The first subgroup (U1) consisted
of those children without caries in their primary
molars (dmft=0), the second subgroup (U2) con-
sisted of children with moderate caries, and the
third subgroup (U3) included the 33.3% of children
with the highest dmft values in their primary
molars (SIC Index) [11]. Group A was the test
group and group B the control group. Children
from group A received F-varnish applications with
Bifluorid12 and oral health education four times
per year. The active ingredients of Bifluorid12 are
NaF and CaF2, each at a concentration of 5.6%. In
1 ml of suspension there are 60 mg NaF (of which
fluoride accounts for 22.6 mg) and 60 mg CaF2
(equivalent to 29.2 mg fluoride). Bifluorid12 is
available in bottles, with 10 g of the active ingredi-

ents to 10 ml solvent, and Pele TIM foam pills.
Bifluorid12 must be shaken well before administra-
tion as the solid particles must be well dispersed.
The presence of two metal balls in the bottle makes
the process easier. The fluoride varnish was applied
twice a year at six-monthly intervals, in the after-
noon, by an experienced nurse in the schools’ med-
ical offices. The applications were performed fol-
lowing the manufacturer’s recommendations, with
an applicator (cartridges) and a blunt cannula after
control of saliva. Children from group B received
only oral health education four times per year.

After the baseline oral examination, further
examinations were repeated for all subjects after one
and two years, using the DMFT/DMFS criteria as at
the baseline examination. The study design was
blind. The examiner did not know which group was
the test and which group was the control group. The
group membership was known only by the nurse. For
the control and test group, as well as for the sub-
groups, caries prevalence in the first permanent
molars from all three examinations as well as the
caries incidence from baseline to the first year and
from baseline to the second year of observation were
calculated. Statistics were based on the t-test for inde-
pendent samples at a significance level of 5%.

Permission to conduct the study was obtained
from the institutional ethical committee. Parents
gave written informed consent.

Results

1. Group A (Bifluorid12)
One hundred and fifteen of the 119 children in

the test group (97%) completed the baseline, first-
and second-year examinations and received four F-
varnish applications. At baseline, 112 subjects had
no caries at their permanent molars (DMFT=0).
Two subjects had one DMF tooth and one subject
had two DMF teeth. Of the 112 with no caries at
their permanent molars at baseline, 28 were classi-
fied in U1 (dmft=0), 38 in U2 (0<dmft<5) and 46 in
U3 (dmft=5). The subjects with one DMF tooth
were classified in subgroup U3 and the one with
two DMF teeth in the U2 (Table 1).

1.1 Caries prevalence
At the baseline examination, the whole group

had a mean caries prevalence of 0.03
DMFT/DMFS, which resulted exclusively from the
DT/DS. In subgroup U1, the DMFT was zero, in
U2 it was 0.05, and in U3 it was 0.04.
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After one year, the DMFT increased to 0.11
(DT=0.02; FT=0.10; MT=0) and the DMFS to 0.12
(DS=0.02; FS=0.10; MS=0). In the U1 subgroup,
the DMFT/DMFS remained at zero, whereas in the
U2 subgroup it was 0.08 (DT/DS=0.03;
FT/FS=0.05; MT/MS=0). In the U3 subgroup, the
DMFT was 0.21 and the DMFS 0.23. The DT and
DS values were identical (0.02), and were exceed-
ed by the FT value (0.19) and FS value (0.21). In
the U1 subgroup (28 subjects) and U2 subgroup (38
subjects), the DMFT was still zero. Only one child
from the U2 subgroup with two DMF teeth at base-
line now had three DMF teeth. However, in the U3
subgroup, there was a reduction of seven in the
number of caries-free children. Of the nine children
without caries (DMFT=0) at baseline, eight pre-
sented with one DMF tooth and one had two DMF
teeth after one year of observation (Table 2).

After two years, the caries prevalence in the
whole test group increased to 0.25 DMFT/DMFS,
with each of 0.24 the values almost exclusively
formed from the FT and FS values. The U3 subgroup

showed a significant increase. The values of
DMFT/DMFS were 0.48 (DT/DS=0.02; FT/FS=
0.46; MT/MS=0), whereas the children from the U1
subgroup had a DMFT/DMFS of 0.04 (DT/DS=0;
FT/FS=0.04; MT/MS=0) and the children from the
U2 subgroup had a DMFT/DMFS of 0.13
(DT/DS=0; FT/FS=0.13; MT/MS=0). In the U1 sub-
group, only one subject presented with DMFT=1 and
in the U2 subgroup, in addition to the child who orig-
inally presented with DMFT=3, two more children
were found to have a DMFT=1. The largest increase
was again found in the U3 subgroup. The number of
children who had no caries on their first permanent
molars at baseline had reduced by 12. Eight had
DMFT=1, four had DMFT=2, one DMFT=3, and
one DMFT=4 (Table 3).

1.2 Caries incidence
After one year, the mean caries incidence for

the entire test group was 0.08 at DMFT level and
0.09 at DMFS level. Both resulted primarily from
the FD/FS component. The U1 subgroup showed

Table 1. Distribution of DMF Teeth in Subjects Differentiated by Subgroup (U): 
Group A (Test Group), Baseline

DMF teeth U1 U2 U3 Total
n (%) n (%) n (%) n (%)

0 28 (100.0) 38 (97.4) 46 (95.8) 112 (97.4)
1  2 (4.2) 2 (1.7)
2 1 (2.6) 1 (0.9)
Total 28 (100.0) 39 (100.0) 48 (100.0) 115 (100.0)

Table 2. Distribution of DMF Teeth in Subjects Differentiated by Subgroup (U): Group A, 
One-Year Results

DMF teeth U1 U2 U3 Total
n (%) n (%) n (%) n (%)

0 28 (100.0) 38 (97.4) 39 (81.3) 105 (91.3)
1 8 (16.7) 8 (7.0)
2 1 (2.1) 1 (0.9)
3 1 (2.6) 1 (0.9)
Total 28 (100.00) 39 (100.00) 48 (100.00) 115 (100.00)

Table 3. Distribution of DMF Teeth in Subjects Differentiated by Subgroup (U): Group A, 
Two-Year Results

DMF teeth U1 U2 U3 Total
n (%) n (%) n (%) n (%)

0 27 (96.4) 36 (92.3) 34 (70.8) 97 (84.3)
1 1 (3.6) 2 (5.1) 8 (16.7) 11 (9.6)
2 4 (8.3) 4 (3.5)
3 1 (2.6) 1 (2.1) 2 (1.7)
4 1 (2.1) 1 (0.9)
Total 28 (100.0) 39 (100.0) 48 (100.0) 115 (100.0)



no increase; however, in the U2 subgroup, there
was an increase of 0.03 DMFT/DMFS and in the
U3 subgroup DMFT was 0.17 and DMFS was 0.19.

The increase of caries from baseline to the end
of the second year was DMFT/DMF=0.04 for sub-
group U1, DMFT/DMFS=0.08 for subgroup U2,
and DMFT/DMFS=0.44 for subgroup U3. Thus
subgroup U3 showed the greatest caries increase
during the control period.

2. Group B (control group)
One hundred and eight of the 110 children

(98%) completed baseline, one- and two-year
examinations. At baseline, caries experience in pri-
mary molars resulted in15 children being allocated
to subgroup U1, 49 to subgroup U2, and 44 to sub-
group U3 (Table 4).

2.1 Caries prevalence
The DMFT/DMFS for the entire group at base-

line was 0.04 (DT/DS=0; FT/FS=0.04; MT/MS=0).
In the U1 subgroup, DMFT/DMFS was zero, in the
U2 subgroup it was 0.02 (DT/DS=0; FT/FS=0.2,

MT/MS=0), and in the U3 subgroup it was 0.07
(DT/DS=0; FT/FS=0.7, MT/MS=0).

After one year, only 91 children were free of
caries, whereas the others already had a DMFT of
between 1 and 3. In subgroup U1, there was only
one child with DMFT>0, whereas in subgroup U2
there were six children, and in subgroup U3 there
were 10. This represents an increase of five and
eight subjects with caries experience in the U2 and
U3 subgroups, respectively (Table 5). After one
year, the DMFT in the U1 subgroup was 0.07
(DT=0.07, FT=0, MT=0), in the U2 subgroup it
was 0.18 (DT=0.02, FT=0.16, MT=0), and in the
U3 subgroup it was 0.34 (DT=0.09, FT=0.25,
MT=0). The DMFS values were identical with the
DMFT values (Table 5).

After two years, the DMFT in the U1 subgroup
increased to 0.62 (DT=0.13; FT=0.49; MT=0) and
the DMFS to 0.64 (DS=0.13, FS=0.51, MS=0). In
the U1 subgroup, there was a DMFT/DMFS of 0.33
(DT/DS=0.07; FT/FS=0.27; MT/MS=0), in the U2
subgroup it was 0.57 (DT=0.12, FT=0.45;
MT/MS=0) and in the U3 subgroup it was 0.77
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Table 4. Distribution of DMF Teeth in Subjects Differentiated by Subgroup (U): Group B, Baseline

DMF teeth U1 U2 U3 Total
n (%) n (%) n (%) n (%)

0 15 (100.0) 48 (98.0) 42 (95.5) 105 (97.2)
1 1 (2.0) 1 (2.3) 2 (1.9)
2  1 (2.3) 1 (0.9)
Total l15 (100.0) 49 (100.0) 44 (100.0) 108 (100.0)

Table 5. Distribution of DMF Teeth in Subjects Differentiated by Subgroup (U): 
Group B, One-Year Results

DMF teeth U1 U2 U3 Total
n (%) n (%) n (%) n (%)

0 14 (93.3) 43 (87.8) 34 (77.3) 91 (84.3)
1 1 (6.7) 4 (8.2) 5 (11.4) 10 (9.3)
2 1 (2.0) 5 (11.4) 6 (5.6)
3 1 (2.0) 1 (0.9)
Total 15 (100.0) 49 (100.0) 44 (100.0) 108 (100.0)

Table 6. Distribution of DMF Teeth in Subjects Differentiated by Subgroup (U): 
Group B, Two-Year Results

DMF teeth U1 U2 U3 Total
n (%) n (%) n (%) n (%)

0 12 (80.0) 31 (63.3) 26 (59.1) 69 (63.9)
1 1 (6.7) 9 (18.4) 7 (15.9) 17(15.7)
2 2 (13.3) 8 (16.3) 6 (13.6) 16 (14.8)
3 1 (2.0) 5 (11.4) 6 (5.6)
Total 15 (100.0) 49 (100.0) 44 (100.0) 108 (100.0)



(DT=0.16, FT=0.61; MT/MS=0). In the U1 sub-
group, there were three subjects with DMFT>0,
and in the U2 and U3 subgroups there were 18 chil-
dren (Table 6).

2.2 Caries incidence
In the first year, the DMFT incidence in the U1

subgroup was 0.07 (DT=0.07, FT=0, MT=0), in the
U2 subgroup it was 0.16 (DT=0.02, FT=0, 14,
MT=0), and in the U3 subgroup it was 0.27
(DT=0.09, FT=0.18, MT=0). Thus, the caries increase
for the entire group had a DMFT value of 0.19.

The incidence of dental caries for the entire
group after two years had a DMFT value of 0.58
(DT=0.13; FT=0.45, MT=0). For the U1 subgroup,
an increase of 0.33 DMFT (DT=0.07, FT=0.27,
MT=0) was observed, for the U2 subgroup it was
0.55 DMFT (DT=0.12; FT=0.43, MT=0), and for the
U3 subgroup it was 0.7 (DT=0.16, FT=0.55, MT=0).
Thus, after two years, there were significant differ-
ences (P<0.05) between the two groups and their sub-
groups, in favour of group A (the test group).

3. Caries-incidence reduction
Based on two years of clinically controlled sur-

face-related caries incidence in the two groups, a
caries-incidence reduction of 63.3% at the first per-
manent molars was found for children from group
A (the test group) in comparison with those from
group B (the control group). For the U1 subgroup,
the caries-incidence reduction was 87.9%, for the
U2 subgroup it was 86%, and for the U3 subgroup
it was 39.7% (Figure 1).

Discussion

The results of this study showed a different level of
initial caries experience in primary molars in both
groups. Therefore, it was possible to divide the
children in both groups into three different sub-
groups, according to the caries level of their pri-
mary molars. At baseline, there were no significant
differences in the DMFT/DMFS values between
the two study groups and their subgroups. The
baseline results characterise the variability of caries
experience within a caries risk group. Such children
(within a certain age cohort) from institutions with
increased risk of caries by no means represent a
homogenous group when it comes to caries experi-
ence. Furthermore, it may well be that the caries-
free children in such groups are treated unnecessar-
ily when they are involved in intensive caries-pre-
ventive programmes. This is not satisfactory, but
should be tolerated for educational and psycholog-
ical reasons, and no child of any group should be
excluded from a prevention programme. Thus all
children within a group should be involved in pre-
vention programmes [12]. The caries-preventive
effect of fluoride varnish Bifluorid12, in this study,
was confirmed by measuring the caries-incidence
reduction compared to the control group. The result
of an over 60% reduction was better than the mean
value from a Cochrane review of the preventive
effect of fluoride varnishes in children and adoles-
cents (Marinho et al. 2003) [13]. Perhaps this was
unsurprising as the literature often quotes a range
of results regarding the caries prevention effect of
fluoride varnishes [14]. This was also confirmed in
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Figure 1.
Surface-related
caries-incidence
reduction on first

molars by subgroup
(U), after two years.



the present study by the variations in results from
the subgroups and between test and control groups.
For example, in the two-year control period, in sub-
group 1, caries levels were virtually unchanged. As
the children in this subgroup had caries-free pri-
mary and permanent molars at baseline, they did
not need the application of fluoride varnish to their
teeth. Only one child from subgroup 1 developed
caries in permanent molars after two years. Among
the children who had a baseline dmft value of up to
five in the primary molars (subgroup U2), the ini-
tial caries prevalence in the permanent molars
remained the same after the first year. During the
second year, only two children developed caries in
their permanent molars. The weakest caries-pre-
ventive effect occurred in the U3 subgroup, in
which after the first year a significant reduction in
caries-free children was observed. After two years,
12 children in this group developed caries, with an
increase in DMFT of from one to four. In all other
subgroups, the majority of children had a DMFT
increase of only one.

The original design of the study, dividing the
children according to their caries risk by caries
experience in their primary molars and assessing
the different effect of fluoride varnish in the sub-
groups, showed that individual health behaviour as
well as the effect of fluoride has to be taken into
consideration. It can be assumed that children from
subgroups 1 and 2 had better oral health behaviour
than children from subgroup 3, insofar as the effect
of fluoride can be enhanced by adequate oral health
behaviour. The development of caries in the control
group (B) showed significant differences compared
to group A. The initial number of caries-free chil-
dren from control group B during the two-year
period was reduced by 33.3%, as opposed to only
13.1% in the test (fluoride) group. The results from
the various subgroups of group B showed similar
differences to the test group, although the differ-
ences were strongly in favour of the test group.
Thus the findings confirm earlier statements [15],
that a high level of caries in the primary teeth is an
indicator of an increased risk of caries in the perma-
nent dentition. Furthermore, as has previously been

found [16], the results showed that the caries-pre-
vention effect of the fluoride varnish in children
with low caries risk (subgroups U1, U2) was more
pronounced than in children with increased caries
risk (subgroup U3). In the literature, it is noted that
fluoride varnishes are especially indicated for chil-
dren with high caries risk and the effect depends on
the frequency of application. Intervals of three to
six months are recommended and are considered to
be toxicologically safe [17].

It has not been clearly demonstrated to what
extent the combination of NaF and CaF2 and its
higher fluoride concentration in Bifluorid12 is able
to build a larger fluoride reservoir of CaF2 on the
enamel surface, which is important for the control
of de-and remineralisation and for efficient caries-
preventive effect [18]. However, in vivo studies
have demonstrated larger fluoride deposits and a
deeper penetration of fluoride in the enamel when
samples of bovine enamel with initial caries lesions
were exposed to Bifluorid12 [18,19]. Higher fluo-
ride concentrations and prolonged exposure time
lead to an increasing size of the calcium fluoride
globules and have a positive influence on the for-
mation of a CaF2-like layer on the enamel surface
[20]. Thus, in this study, it may be that high caries
inhibition may be related to the combination of flu-
oride compounds in Bifluorid12.

Conclusion

It can be concluded that Bifluorid12 showed a sig-
nificant caries-incidence reduction on permanent
molars among school children. The F-varnish can
be recommended for preventive programmes. In
this study, its effectiveness depended on caries
experience in primary molars. The caries-preven-
tive effect of Bifluorid12 was different for the sub-
groups with regard to previous caries experience in
primary molars. Children without caries experience
in primary molars showed the highest caries-inci-
dence reduction in their permanent molars.
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