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Effectiveness of fluoride varnish four times a year in preventing
caries in the primary dentition: A 2 year randomized controlled trial
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Objectives: To test the effectiveness of fluoride varnish in preventing caries in early childhood in children at high risk of caries. Basic
research design: Randomized controlled trial. Participants: 504 participants, with mean age of 21 months at baseline randomly allocated
into a test and a control group. 427 children remained in the study after two years. Intervention: Fluoride varnish applied four times a
year, every three months. The intervention lasted for two years. Main outcome measures: Dental status was recorded based on the Inter-
national Caries Detection and Assessment System (ICADS). Results: Mean dmfs was similar in the control and test groups at baseline (1.0
and 1.2 respectively) but was significantly different (10.1 and 5.2, p < 0.001, ANOVA) at endpoint. The proportion caries free in the two
groups was 40% and 69.4% after two years. Conclusions: The application of fluoride varnish four times a year prevented the incidence

and reduced the severity of caries in pre-school children. Trial registration number: DRKS00013980.
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Introduction

Caries is a disease that can generally be prevented. The time
when preventive measures are taken is very important. The
possibility of preventing dental caries may reach 96% when
the application of preventive measures begins during the
first year of life and decreases to 72% if they are applied
after the second year (Melhado et al., 2003).

The appearance of caries decreases with increased
fluoride exposure whether measured by dose or number of
agents applied (Marinho et al., 2004; Walsh ef al., 2019). It
is generally considered that the preventive effect of fluoride
is higher if applied before the initiation of dental caries (As-
sociation of State and Territorial Dental Directors, 2007).
Recently the fluoride effect paradigm has changed from
systemic to local action due to the biological effect on the
enzymatic system of the cariogenic bacteria. The topical
application of fluoride after tooth eruption has the highest
impact in caries prevention (Hellwig, 2004).

One successful way of local application of fluoride
is the use of varnish (F-varnish) (Weintraub et al., 2006;
Adair et al., 2006). The caries-preventive effects of fluoride
result from its topical contact with enamel and through
its antibacterial actions. Through the varnish the fluoride
concentration increases in the outermost and deeper lay-
ers of the enamel (Adair et al., 2006). Many studies have
tested the effectiveness of F-varnish on caries prevention
in permanent teeth in school-age children, with the benefits
being very positive, but the evidence about the effectiveness
of F-varnish in primary teeth is insufficient (Weintraub et
al., 2006). Repeated Cochrane Reviews suggest that the
caries preventive fraction of F-varnish is 43% (95% CI
30% to 57%) for the permanent dentition and 37% (95%

CI 24% to 51%) for the deciduous dentition (Marinho et
al., 2002; 2013). Furthermore, several other studies confirm
that F-varnish is effective in reducing caries in the primary
dentition of children with a high caries risk (Marinho et
al., 2002; Petersson et al., 2004, Weintraub et al., 2006;
Marinho et al., 2013).

According to Weintraub (2006), more frequent varnish
applications were more beneficial and one application was
preferable to none. Holve (2008) also confirmed that four
applications a year is more beneficial for children at high-
risk of caries compared to none or three. The Nevada State
Health Division (2008) concluded that F-varnish should be
applied at three-month intervals for high-risk children and at
six-month intervals for children who are not at high risk. The
American Dental Association (ADA, 2006) recommended
that children with high caries risk can benefit more if F-
varnish is applied at intervals every three months, while
moderate risk children should have F-varnish applied every
6 months, even though the optimal number of fluoride ap-
plications has not yet been established (Gomez ef al., 2010).

Dental caries is a great concern for the oral health of
Kosovar children. Its prevalence in pre-school children (2
to 6 years), in 2005, was 91.2%, increasing to 94.4% in
school-aged children. The prevalence of early childhood
caries is 17.6%, which is considered very high when com-
pared to 5% in developed countries (Begzati et al., 2011).
Therefore, the aim of this study was to test the effectiveness
of fluoride varnish application four times a year in prevent-
ing caries in a community of young children (aged 6-30
months) at high risk for caries. As a developing country
such a contemporary measure has never before been tested
or implemented, despite the fact that the children belong to
the fluoride-deficient community.
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Methods

This randomized clinical trial was approved by the
Pristina University Ethics Committee (Ethic Committee
Medical Faculty, University of Pristina, Ref.Nr.1851).
The project took place in eleven Pristina preschool
institutions. Institutions were selected in different
parts of the city to cover all neighbourhoods. Both
public and private institutions were involved to reduce
sampling bias with respect to socio-economic status.
The criteria for inclusion in the study was the child’s
age (6 to 30 months) and parental permission for their
child to participate.

Sample Size: The data (Begzati et al., 2010; 2011)
available for power calculations were insufficient as dmft
was used instead of dmfs and no variance (SD) data were
provided. In addition, no data were specified for children
under three years old. We therefore estimated mean
dmfs and SD, based on Sheiham (2010) and Jarvinen
(1983). The previous studies of the oral health of Kos-
ovar children (Begzati et al., 2010; 2011) did not use
standard caries experience criteria when presenting dmft
data. The initial and dentinal stages were summarized
to express the d component of dmft, whereas modern
systems such as the International Caries Detection and
Assessment System (ICDAS) include pre-cavitated
enamel stages. We therefore estimated, for comparison
reasons, the clinical stages of these publications with
the stages of Lafiti-Xhemajli (2013) using the ICDAS
classification. We assumed that Begzati and colleagues
included cavitated enamel within their dentinal caries
estimates. We used the dmft trends from Begzati and
colleagues for the expected baseline values in 1-2-year
old participants, but used the endpoint estimates from
the ICDAS values reported by Lafiti-Xhemajli (2013)
since they used a SD and an optimal method. We set
the meaningful difference for dmfs at three surfaces and
a difference in caries prevalence at 30%, based on the
preventive fraction for F-varnish estimated by Marinho
and colleagues (2002).

Thus, setting the power at 90%, with an alpha (a)
of 5% and using the data from the aforementioned
studies, the required sample size was 250 per group.
The anticipated loss to follow-up was 20%, so a sample
size target of 600 participants was set to enable us to
have the required sample at study completion. After
recruitment started it became evident that it would be
impossible to recruit more than 504 participants.

A total of 504 children aged 6 to 30 months were
included at baseline. Participants were allocated into the
test (N=255) and control group (N=249). Children whose
parents agreed and signed the consent form, progressed
to the next stage. Participants were randomly assigned
to one of the groups: test or control by the statistician
using randomization lists generated by the computer.
Randomization occurred within each centre to ensure
similar numbers of participants in the two groups.

During the intervention phase two pediatric den-
tists applied the F-varnish but baseline and endpoint
recordings of dental status were by dentists masked to
participants’ group allocation.

Participants were examined at baseline and follow
up using a mirror and a non-sharp dental probe under

artificial lighting in the knee-to-knee position. Data were
recorded using the ICADS-index. The examinations
were conducted by the same examiner/dentist who was
trained by a core member of the ICDAS Coordinat-
ing committee, in 2012. The ICDAS (2009) codes for
coronal caries are: 0-sound, caries free surface; 1-first
visual change in enamel; 2-distinct visual change in
enamel; 3-localized enamel breakdown; 4-underlying
dark shadow from dentin; 5-distinct cavity with visible
dentin and 6-extensive distinct cavity with visible dentin.

After baseline examination and every three months
thereafter for two years, F-varnish was applied to par-
ticipants in the test group. Before each application the
teeth were wiped cleaned and dried with a gauze pad
and F-varnish (Fluor Protector S, Ivoclar Vivadent) was
applied to all tooth surfaces with a brush. The children’s
parents were advised not to give the children anything
to eat or drink for at least one hour afterwards. Par-
ticipants in the control group had no F-varnish applied,
unless their parents were advised for their child’s basic
oral health care.

Three months after the last application of F-varnish,
dental status was recorded in all children in both the
control and the test groups.

Descriptive statistics were calculated for all variables
using SAS software, version 9.3 (SAS Institute Inc.,
Cary, NC, USA). ANOVA, Chi square and Fisher’s
Exact tests were used for bivariate analyses.

Results

Of the 504 children recruited, 77 (15.5%) were lost from
the research for various reasons (changing residence,
lack of further attendance at the preschool institute
or others) (Figure 1). The average age of children at
baseline was 21 months, while at the endpoint it was
45 months (about 4 years).

Mean baseline dmfs in the control group was 1.0 (sd
2.2) and 1.2 (3.5) in the test group (Table 1).

After applying the F-varnish four times a year for
24 months, the control group had on average 4.9 more
carious surfaces than the test group (10.1 (12.9) and 5.2
(10.5) respectively, p<0.001, ANOVA) representing a 49%
reduction in dmfs scores between the groups (Table 1).

There were also significant differences in the pres-
ence of all types of ICDAS lesions (01-06) between the
test and control groups. The same structure was found
in all others type of lesions, ranging from initial (01-02)
to the deep lesions (05-06). The average of the extracted
and filled tooth surfaces was 0.3 (0.7) for the test and
0.8 (1.2) for the control group (Table 2).

At endpoint the proportion of participants’ who
were caries free was 42.6% in the control group, while
in the test group it was 69.4%. Differences were also
shown in the prevalence of the different lesions. The
presence of all types of ICDAS lesions (01-02, 03-04
& 05-06) was significantly higher in the control group
than the test group (p<0.001). An absence of initial le-
sions (01-02) was manifested by 43.0% for the control
group and 70.0% for the test group. While the absence
of deep lesions (05-06) was manifested with 52.3%
for the control and 78.0% for the test group (Table 3).
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Figure 1. Trial Profile

Table 1. Decayed, missing and filled surfaces at baseline and 2 year follow up

Test Control P (ANOVA)
Mean (sd) Mean (sd)
Baseline 1.2 (3.5) 1.0 (2.2)
Endpoint 5.2 (10.5) 10.1 (12.9) <0.001

Table 2. Distribution of ICDAS lesions in two groups

ICDAS lesions Control group Test group Reduction of caries P (ANOVA)
Mean (sd) Mean (sd) surfaces

All lesions from 01 to 06/dmfs#0 10.1 (12.9) 5.2 (10.5) 4.9

First visual/distinct change in enamel (01-02) 2.8 (3.3) 1.3 (2.5) 1.5 < 0.001

Enamel breakdown/ Underlying dentine 7.0 (10.0) 3.5 (7.8) 3.5

shadow (03-04)

Distinct cavity/extensive distinct cavity with 3.3 (6.4) 1.7 (5.4) 1.6

visible dentin (05-06) <0001

Filling/Missing 0.8 (1.2) 0.3 (0.7) 0.5

Table 3. Prevalence of lesions by ICDAS category in the control and test groups

Variable Control Test All

% %

Without lesions (01-06) Baseline 80.3 79.6 80.0

dmfs = 0 Endpoint 40.0 69.4 56.2

Without lesions and first visual/distinct change in  enamel (01-02 lesions) 42.0 70.0 57.0

Without enamel breakdown/ Underlying dentine shadow (03-04 lesions) 43.5 72.9 58.5

Without distinct cavity/ extensive distinct cavity with visible dentin (05-06 lesions) 52.3 78.0 65.3
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Discussion

In this study F-varnish applied four times per year reduced
the incidence and severity of caries among pre-school
children at high risk of caries.

Our findings support the use of F-varnish to prevent
early childhood caries and reduce the caries increment in
very young children with a high caries risk. The preven-
tion and reduction of caries in the permanent dentition
after F-varnish application has been demonstrated in
numerous studies. These studies conducted over several
decades have shown that the reduction of caries in the
permanent dentition by using F-varnishes, ranges from
approximately 20-70% (De Bryne et al., 1987; Eugenio
et al., 2000; Marinho et al., 2013).

Fewer studies can be found testing F-varnish in the primary
dentition and their results indicate differing effectiveness depend-
ing on the type of study, whether they were randomized and
the age of the children. Eugenio and colleagues (2000) reported
an 8% caries reduction among high caries risk children aged
12 to 24 months. A Canadian study provides different results
among preschool children, with an 18% reduction for high
caries risk children and a 25% reduction overall (Lawrence
et al., 2008). Marinho and colleagues’ (2013) meta-analysis
suggested that the caries preventive fraction was 37% (95%
CI 24% to 51%). In a study by Weintraub (2006) this value
ranged from 52 to 92%, which supports the use of fluoride
varnish to prevent early childhood caries and reduce the caries
increment in children 1.8 years old. In our study, the caries
preventive fraction was 49%. Similar to the study by Weintraub
(2006), we also found a significant decrease in caries experi-
ence with and without pre-cavitated lesions in the test group
compared to the control group.

We have shown a caries increment of 9 surfaces
in the control group and only 4.8 for the test group
over two years. Although there are insufficient data
on the epidemiology of caries in young children in our
country, Begzati and colleagues (2010) reported a very
high incidence of caries in young children with a rapid
progression. The mean dmft in 2-year old children was
reported to be 6.47, which increased 12.8 in 6-year-olds.
These reports used other indices such as dmft but did
not analyse the number of tooth surfaces with caries.
Therefore, our results with an incremental change in
the number of surfaces with caries from 1.0 to 10.0 in
a group without treatment within two years, support
earlier studies and once again show the poor oral health
of our children. However, these results show that this
condition can be improved and that our children can
benefit from the application of F-varnish.

The Fluoride varnish efficacy in our study may be
due to the young age of the children and the frequent,
four times a year application. Regarding the frequency
of F-varnish application, Holve (2008) found that chil-
dren at high caries risk aged 9-30 months benefitted
more from four treatments per year, with overall caries
reduced by 35%. Children with four or more fluoride
varnish treatments had 15.5 dmfs versus children with
0-3 treatments who had a mean dmfs of 23.4, which
presents higher dmfs values than in our study where the
fluoride varnish treatment group had a 5.2 dmfs versus
the zero treatments group who had a mean dmfs of 10.1.

Our study has some limitations as the frequency of
exposure to cariogenic foods, the home oral hygiene
and fluoride exposure of the children were not recorded.
Whilst we were not able to recruit our intended incept
cohort, this was mitigated to some extent by the lower
loss to follow up (15%) than was anticipated. Further-
more, the positive findings of the study indicate that
the sample size was adequate.

Conclusion

This trial showed that use of fluoride varnish applica-
tions was associated with a preventive (fraction of 49%)
reduction in caries, compared to the control group. Car-
ies reduction was manifest in terms of incidence and
severity of disease. Our findings suggest that fluoride
varnish should be given to children who are at an in-
creased risk of early childhood caries.

Funding

This study was not funded by a grant. All expenses
were covered by the authors, but this did not have a role
in the design of the study.

References

Adair, M.S. (2006): Evidence-based use of fluoride in contem-
porary pediatric dental practice. Pediatric Dentistry 28, 2.

American Dental Association Council on Scientific Affairs.
(2006): Professionally applied topical fluoride. Evidence-
based clinical recommendations. Journal of the American
Dental Association 8, 1151-1159.

Association of State and Territorial Dental Directors Fluorides
Committee (2007): Fluoride Varnish: An Evidence-Based
Approach. https://www.astdd.org/docs/Sept2007FINALFI1-
varnishpaper.pdf

Begzati, A., Meqa, K., Siegenthaler, D., Berisha, M., and
Mautsch, W. (2011): Dental health evaluation of children
in Kosovo. European Journal of Dentistry 5, 32-39

Begzati, A., Berisha, M., and Meqa, K. (2010): Early childhood
caries in preschool children of Kosovo-a serious public
health problem. BMC Public Health 10, 788

De Bruyn, H. and Arends, J. (1987): Fluoride varnishes - a
review. Journal de Biologie Buccale 15, 71-82.

Eugenio, D.B.A., Jonathan, W.G. and Stuart, AL. (2000):
Fluoride varnishes: A review of their clinical use, cari-
ostatic mechanism, efficacy and safety. The Journal of the
American Dental Association 131, 589-586.

Gomez, F.R., Crystal, Y.O., Crall, J.J. and Featherstone, J.D.B.
(2010): Pediatric dental care: prevention and management
protocols based on caries risk assessment. Journal of the
California Dental Association 38, 746-761.

Hellwig, E. and Lennon, M.A. (2004): Systemic versus topical
fluoride. Caries Research 38, 258-262.

Holve, S. (2008): An observational study of the association
of fluoride varnish applied during well child visits and the
prevention of early childhood caries in American Indian
children. Maternal and Child Health J 12, 64.

International Caries Detection and Assessment System, ICDAS
(2009): Coordinating Committee. International Caries
Detection and Assessment System (ICDAS II) Criteria
Manual. Budapest, Hungary www.icdas.org/assets/down-
loads/Appendix.pdf

193



Jarvinen, S. (1983): Epidemiologic characteristics of dental
caries: relation of DMFS to DMFT. Community Dentistry
Oral Epidemiology 11, 333-6.

Lawrence, H.P., Binguis, D., Douglas, J., McKeown, L., Swit-
zer, B., Figueiredo, R. and Laporte, A. (2008): A 2- year
community-randomized controlled trial of fluoride varnish
to prevent early childhood caries in Aboriginal children.
Community Dentistry and Oral Epidemiology 36 , 503-516.

Latifi-Xhemajli, B., Begzati, A., Kutllovci, T., Rexhepi, A.,
Krasniqi, B. and Bytyqi, A. (2013): The dental caries experi-
ence on 3-5 year old children expressed by ICDAS-Index.
International Dental Journal 63, 297--378

Marinho, V.C., Higgins, J.P., Logan, S. and Sheiham, A. (2002):
Fluoride varnishes for preventing dental caries in children
and adolescents. Cochrane Database Systematic Reviews
CD002279.

Marinho V.C., Higgins, J.P., Sheiham, A. and Logan, S. (2004):
Combinations of topical fluoride (toothpastes, mouthrinses,
gels, varnishes) versus single topical fluoride for prevent-
ing dental caries in children and adolescents. Cochrane
Database Systematic Reviews CD002781.

Marinho, V.C., Worthington, H.V., Walsh, T. and Clarkson, J.
E. (2013): Fluoride varnishes for preventing dental caries
in children and adolescents. Cochrane Database Systematic
Reviews CD002279.

Melhado, F., Cunha, R. and Nery, R. (2003): Influence of dental
Care for infants on caries prevalence: A comparative study.
Journal of Dentistry for Children 70, 2.

194

National Institute of Health (2001): Diagnosis and manage-
ment of dental caries throughout life. National Institutes
of Health Consensus Development Conference statement.
Journal of Dental Education 65, 1162-1168.

State of Nevada Department of Human Resources (2008):
Fluoride Varnish Manual. https://oralhealthnevada.com/
wp-content/uploads/2015/02/Fluoride Varnish_Manual
Nevadal.pdf

Petersson, L.G., Twetman, S., Dahlgren, H., Norlund, A.,
Holm, A K., Nordenram, G., Lagerldf, F., Soder, B., Kall-
estal, C., Mejare, 1., Axelsson, and Lingstrom, P. (2004):
Professional fluoride varnish treatment for caries control:
a systematic review of clinical trials. Acta Odontologica
Scandinavica. 62,170-6.

Sheiham A. and Sabbah, W. (2010): Using Universal Patterns
of Caries for Planning and Evaluating Dental Care. Caries
Research 44, 141-150.

Walsh, T., Worthington, H.V., Glenny, A.M., Appelbe, P.,
Marinho, V.C. and Shi, X. (2019):

Fluoride toothpastes of different concentrations for prevent-
ing dental caries in children and adolescents. Cochrane
Database Systematic Reviews CD007868.

Weintraub, J.A., Gomez, F., Jue, B., Shain, S., Hoover, C.I,
Featherstone, J.D.B. and Gansky, S.A. (2006): Fluoride
Varnish Efficacy in Preventing Early Childhood Caries.
Journal of Dental Research. 85, 172-176.



