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Abstract

The objective of this systematic review
was to evaluate whether conclusive evi-
dence exists that the professional applica-
tion of fluoride varnish decreases dental
caries incidence in preschool children. We
searched the electronic databases BBO, LI-
LACS, MEDLINE and Cochrane to identify
controlled clinical trials that evaluated the
development of cavitated caries lesions in
children up to six years of age. Two resear-
chers performed a critical appraisal of the
studies selected for inclusion. Five-hundred
and thirteen articles were found but only ei-
ght met our inclusion criteria. Most of these
eight studies were of poor methodological
quality. They were also heterogeneous in
relation to participants’ previous caries ex-
perience, type of intervention administered
to the control group, children’s exposure to
other sources of fluoride, and varnish ap-
plication interval. The absolute differences
between caries incidences in the control and
test groups ranged from 0.30 to 1.64 and the
preventive fractions varied from 5% to 63%.
Fluoride varnish may be effective to decre-
ase dental caries incidence in preschoolers,
but more randomized clinical trials of better
methodological quality are necessary to
provide conclusive evidence in this respect.

Keywords: Fluoride. Dental caries. Pri-
mary Dentition. Preschool Child. Literature
review.
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INTRODUCTION

In Brazil, 27% of children ages 18 to 36
months have dental caries. At age five, 60%
of the population experience dental caries
and every child has, on average, three ca-
rious, missing or filled primary teeth.!

Dental caries is also one of the most
common chronic diseases among North
American children, with the prevalence of
this condition equal to 28% for the two to
five-year old age group. Untreated caries
lesions occur twice as frequently in children
oflow socioeconomic levels, and may cause
pain, affect how theylook and interfere in a
child’s daily activities.?

The use of fluoride in water supplies,
toothpastes and professionally applied by
dentists is considered to be a key means of
preventing dental caries.® Children 5 to 16
years of age who are exposed to fluorides
regularly through their toothpaste, mou-
thwashes, gels or varnishes show 26% fewer
carious, missing or filled permanent teeth,
regardless of their having access to fluori-
dated water.* However, little information
exists on how effective these products are
in primary dentition.® The earliest fluoride
varnishes were developed in the 1960’s so
that dentists could perform topical appli-
cations of fluoride in a way that provided
more prolonged contact of this substance
with dental enamel without increasing
the time involved in a visit to the dentist.
There are currently various commercial
formulations of fluoride varnishes, such
as: Duraphat® (5% NaF - Sodium fluoride),
Duraflor® (5% NaF) and Fluor Protector®
(1% Difluorsilano).’

Fluoride varnishes have been described
as the most convenient means of having
preschoolers use professionally-applied
topical fluoride, based on the premise that
they are easy to apply and well tolerated.
The time required to apply the varnish varies
from 1 to 4 minutes per patient, depending
on the number of teeth present, and im-
mediately following application the child
can close his mouth because the varnish
hardens on contact with saliva and forms

a film that adheres to tooth surfaces. It is,
however, recommended that patients avoid
eating for two hours following application
of the varnish and not brush their teeth that
same day. This allows the varnish to remain
in contact with the dental enamel for several
hours.*>6

Given that dental caries still represent
a public health problem that negatively
affects the lives of many children and
their families, and that the use of fluoride
varnishes has been proposed as a means
of preventing and limiting this disease in
preschoolers, it is critical that dentists and
health services planners be familiar with the
true range of benefits that fluorides offer for
primary teeth.

The objective of this systematic review
is to assess whether there is evidence that
professional application of fluoride varnish
reduces the incidence of dental caries in
primary dentition in children of up to six
years of age.

METHODOLOGY

A systematic review of the literature
was conducted following the methodology
proposed in Higgins & Green.”

Inclusion criteria

Articles were included based on the
following criteria:

e Type of study: randomized, controlled
clinical trials or quasi-randomized stu-
dies.

e Type of population: children of up to six
years of age, regardless of their caries ex-
perience at the start of the study (initial
dmfs > 0).

e Type of intervention: application of
topical fluoride in the form of a varnish,
to primary dentition, in any quantity,
concentration or application interval,
on surfaces selected or not, using any
application technique.

e Outcome: incidence of caries, given
the presence of a cavitated lesion (level
of detection C2 - enamel caries, or C3
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- dentine caries) in primary dentition
(dmfs).

e Languages: English, Spanish or Portu-
guese;

It was also determined that if we found:

e More than one article that referred to
the same study, the one with the longest
follow-up period would be included.

e Studies assessing caries incidence in
primary and permanent teeth, only tho-
se showing specific results for primary
dentition would be included.

Exclusion criteria

Publications excluded were those that
used the split-mouth design and intentio-
nally administered other fluoride products,
in addition to the varnish, to the test or
control group (unequal co-intervention).

Search strategy

Bibliographic searches were conducted
of the BBO and LILACS databases using
the terms “fluoride varnish”, “barnices flu-
orados” and “verniz fluoretado”. The terms
“fluoride varnish” and “dental caries” were
used on the Medline database and, in order
to increase the specificity of the search, the
filters “humans” and “all child” were added.
Next, a search was performed of the Cochra-
ne Library, using the expressions “fluoride
varnish”, “dental caries” and “child”. We
sought to identify all articles related to the
topic published up to December 2008. The
titles and abstracts of the articles thus iden-
tified were independently evaluated by two
researchers in order to verify whether they
met the criteria for inclusion in the review.
Using this process, in cases where it was not
possible to determine whether or not an
article should be included, it was called up
andread in full. The final decision on which
articles would be included in the review was
made by consensus.

Method for evaluating the studies

The articles included in this review were

analyzed according to the following aspects:

a) Type of population and sample size: age
group, geographic location (country
and city), information on access to a
fluoridated water supply and number
of participants;

b) Randomization and allocation conceal-
ment: description of the method used to
assign the individuals to test and control
groups.

c) Type of intervention used in the test
group (type of product applied, con-
centration, periodicity, means of ap-
plication) and in the control group (no
treatment, placebo or water).

d) Comparability between the test and
control groups at the baseline: descrip-
tion of the characteristics of the test and
control groups in order to assess their
equivalence at the start of the trial.

e) Masking: the means used to blind the
examiners, the caregivers and the chil-
dren receiving treatment.

f) Quality of outcome assessment: intra
and inter-examiner reliability.

g) Duration of the study: duration of the
follow-up period.

h) Attrition: number of dropouts and des-
cription of what caused them.

i) Results: increase in caries in the test and
control groups, along with their respec-
tive standard deviations and preventive
fraction.

1) Adherence to treatment and side effects:
complaints from the subjects about
side effects or discomfort caused by the
treatment.

Jadad’s scale® was used for qualitative
ranking of the publications. This instrument
was used to assign ratings to the studies,
which varied from zero to five, based on
the following criteria: method of randomi-
zation, method of blinding and description
of withdrawals and dropouts.

RESULTS

Out of 513 articles identified in the bi-
bliographic searches of the LILACS, BBO
and Medline databases, only eight were
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selected for inclusion in this review. In
the Cochrane database, we found 10 full,
systematic reviews and their bibliographic
references were checked, but no new article
was found that met our criteria for inclusion
in this review. (Figure 1)

The controlled clinical trials included
were conducted in four countries: China,
the United States, Poland and Sweden. The
oldest article was published some 30 years
ago and the most recent one was publi-
shed in 2006. In these clinical trials, 2,501
children, aged six months to five years,
were assigned to the test (fluoride varnish)

and control groups. The follow-up periods
varied from 9 to 30 months and 75% of the
studies covered a period of 24 months.
(Table 1)

In terms of the concomitant exposure
of participants to other sources of fluoride,
in two studies it was reported that they
were exposed to water supplies with ade-
quate fluoride levels®!? and in three other
studies!"'>13 it was mentioned that most
of the children regularly used fluoridated
toothpaste. In one of the studies'?, 27% of
the participants regularly used fluoride
tablets and in another!', the subjects used

Identification of potentially relevant studies -
titles read and summaries done independently by

two researchers.

BBO n=144
LILACS n=211
Medline n=158

N=513

INITIAL SELECTION - articles obtained and read
completely, done independently by two
researchers

Medline n =21

Kolehmainen, 1 979%

v

FINAL SELECTION - ARTICLES
INCLUDED IN THE SYSTEMATIC
REVIEW
Medline n = 8

(Autio-Gold’, Chu'!, Frostell'®, Grodzka'®,

Atricles excluded and reasons for their exclusion
n=13

Clark, 1987% Analysis restricted to permanent

dentition

Guitelman, 1999** The dmfs was not used as an
outcome measure and the
participants were more than 6 years
old
Analysis restricted to permanent
dentition
Maiwald, 1978 Participants older than 6 years of
age

Murray, 19777 Split-mouth study

Peyron, 1992 The demfs was not used as an
outcome measure
Petersson, 1998% Unequal co-intervention (fluoride
tablets in the control group)

Rozier, 2001%' Review of the literature

Teixeira, 2002* Analysis of primary dentition
combined with permanent dentition
and participants were older than 6
years of age

Vanderas, 2003 Review of the literature

Weintraub, 2003 Review of the literature

Zimmer, 1999% Analysis restricted to permanent
dentition
Zimmer, 200134 Analysis restricted to permanent

dentition

Holm'z, Petersson”, Twetma.n'3, Weintraub'o)

Figura 1 - Flowchart of the search strategy.
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Table 1 - Characteristics of the clinical trials included.

Interval Number of participants at

Duration of Typeof between the end of the study
Main author Year/Country the study Randomi- ge intervention varnish Widrawal Jadad
(in months) zation Control application . . (%) clasification
group (in months)
Weintraud  2006/EUA 24 Yes 6 a 44 months Oral health 6 70 46 4
counselling
12 69 63
Chu" 2002/China 30 No 3a5years Water 3 61 62 16 0
Autio-Gold® 2001/EUA 9 Yes 3a5years NT 4 59 83 22 2
Twetman'  1996/Sweden 24 No 4 a5 years NT 6 442 374 2 1
Frostell' 1991/Sweden 24 Yes 4 years NT 6 13 93 0 2
Petersson™  1985/Sweden 24 No 3 years Oral health 6 88 85 4 0
counselling

Grodzka' 1982/Poland 24 No 3a4years NT 6 148 100 23 1
Holm' 1979/Sweden 24 No 3 years NT 6 112 13 10 1
NT - No Treatment. This group was not submitted to any treatment.t - test group. ¢ — control group
alow concentration fluoridated toothpaste  studies®''* used masking of the examiners
(0.025% sodium fluoride - NaF) suppliedby  and one study' resorted to masking the
the researchers themselves. children’s parents. Two articles™'* made no

Among commercially existing products,  mention of the use of any blinding strategy
the fluoride varnish Duraphat® (5% NaF) atall.
was used in seven studies®!®!12141516 and Intra-examiner and inter-examiner re-
Fluor Protector® (1% Difluorsilano) was liability were measured in three studies®!*!!
used in a single study'. No study used a  and the Kappa coefficient values reported
placebo in the control group. In all of the  were in arange of 0.71 to 0.96.
clinical trials analyzed, except one', the var- Of the three studies®!*!'® that mentioned
nish was applied to all of the primary teeth.  having assigned participants to the test
In the one exception, only the carieslesions  and control groups using a randomization
present on the upper incisors were treated.  process, only one'® adequately described

In five studies'>!3!#1516 the application = how the process was carried out. This study
of fluoride varnish took place every six  also adequately described how the assign-
months, and in two®!}, the interval between = ment concealment was done. The others*!®
applications was four and three months, reported that randomization was used, but
respectively. In the most recent study', did not describe how it was done. In two
there were two test groups: one received  studies''¢, the intervention was assigned
yearly applications and the other received by school or health center.
6-month applications. The rate of loss to follow-up was re-

Assessment of the quality of the clinical ~ ported in all the studies, but many did not
trials, usingJadad’s scale®, showed thatmost  report the reasons why such losses occurred.
of them presented problems in terms of  Thelatter turned out to be related to change
their design. (Table 1) of address, lack of cooperation or refusal

Ofthe works included, only two'®*were  to take the treatment, and truancy. In one
described as being double-blind, but in  study?®, the researchers excluded six children
one’, it was reported that they were unable  from the control group because they requi-
to maintain the masking of parents and red immediate restorative treatment, and
children throughout the entire study. Three  in another', all participants who developed
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caries lesions were excluded from the study
in the course of the follow-up.

The initial oral health condition of the
children in terms of caries experience was
reported in all of the studies and the initial
dmfs values varied from zero to 9.90 (Table
2). In one clinical trial'?, all of the subjects
were caries-free at the beginning of the
study and in the rest®!11213141516 the test and
control groups were comparable in terms of
caries experience.

Broad diversity was found between the
trials in terms of caries increment in the
test and control groups, with the average
increase in the number of cavitated carious
surfaces varying from 0.5 to 6.3 in the test
group and from 1.4 to 6.7 in the control
group. The differences between the test and
control groups in the incrementin cavitated
carious lesions varied from 0.30 to 1.64. The
prevented fraction, which is the difference
in the caries increment between the test and
control groups expressed as a percentage of

the caries increment of the control group,
varied from 5 to 63% and the highest values
were found in the most recent studies. (Ta-
ble 2) (Figure 2)

Examination of Table 2 suggests a major
asymmetry in the distribution of the data
on the mean number of carious, missing
and filled dental surfaces (dmfs). Several
means showed values less than twice the
standard deviation'’, which ruled out the
calculation of combined means using the
weighted mean difference and the standar-
dized mean difference. It was not possible
to perform transformations to make the
data more symmetrical since the raw data
from the studies was not available. For the
same reason, meta-regression was not used
to assess sources of heterogeneity between
the studies.

One study'' mentioned that no side
effects were observed, such as gingival tissue
damage, and another' reported thatno side
effect associated with the intervention was

Table 2: Mean number of decayed, missing and filled surfaces (dmfs), initial and final, mean caries increment in test and
control groups (standard deviation), P-values for the difference in caries increment between test and control groups and

prevented fractions.

Test group Control group
Author N initial final mean caries N initial final mean caries
dmfs dmfs increment dmfs dmfs increment p-value Prevented
(SD) (SD) (SD) (SD) (SD) (SD) fraction
Weintraub™ 692 0.00 0.70 0.70 63 0.00 1.70 1.70 p<0.01 58%
(ni) (1.80) (ni) (ni) (3.10) (ni)
70° 0.00 0.70 0.70
(ni) (2.10) (ni)
Chu™ 61 4.71 433 0.70 62 436 424 1.58 p< 0.001 56%
(ni) (i) (ni) (ni) (i) (ni)
Autio-Gold® 59 2.51 3.05 0.54 83 2.58 4.05 147 p< 0.05 63%
(4.02) (4.25) (ni) (3.27) (4.40) (ni)
Twetman™ 442 1.00 2.07 1.07 374 0.95 248 1.53 p< 0.01 30%
(2.36) (ni) (1.96) (2.14) (ni) (2.55)
Frostell's 113 2.75 5.01 2.26 93 3.34 6.94 3.60 p <0.01 37%
(ni) (ni) (ni) (ni) (ni) (ni)
Petersson' 88 0.90 2.60 1.70 85 0.90 2.90 2.00 ni 15%
(ni) (i) (ni) (ni) (i) (ni)
Grodzka's 148 9.90 16.25 6.35 100 9.70 16.41 6.71 p>0.1 5%
(7.96) (ni) (4.98) (7.19) (ni) (5.22)
Holm™ 112 1.05 3.15 2.10 113 0.71 4.47 3.74 p <0.05 44%
(2.34) (4.12) (2.75) (1.62) (5.29) (4.62)

SD- standard deviation, ni- not informed 2-Annual application of the varnish - Semiannual application of the varnish
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40% A
30%
20%
10% A
0% ‘
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Year of publication

Figure 2 - Prevented fractions by year of publication of the study.

described by the children’s caregivers.
DISCUSSION

Those controlled clinical studies that
assessed the effectiveness of the fluoride
varnish in primary dentition and were in-
cluded in this review showed differences
in relation to various aspects likely to affect
their results, which make it difficult to com-
pare their results. For example, there was
no homogeneity between the studies con-
cerning: previous caries experience of the
subjects, the type of treatment administered
to the control group, the children’s exposure
to other sources of fluoride and the interval
between varnish applications. Nevertheless,
all of the studies, except one'¢, showed some
benefit from using the varnish.

Of the eight studies, four'>!31415 were
conducted in Sweden and mainly invol-
ved population groups with little caries
experience. Only two clinical trials, one
conducted in China'! and the other in Po-
land'¢, studied children with a high prior
disease experience. In those children with
high dmfs at the outset of the study, the
prevented fractions were 5%'¢ and 56%!,
and in those where the initial dmfs values
were low, preventive fractions of 15%' and
58%!'° were observed. It was not possible
to conclude whether or not the magnitude
of the fluoride varnish effect is related to

previous caries experience.

An interesting finding is that no work
used a placebo in the control group. In one
study", the dental surfaces of the children in
the control group were painted with water,
and in another, these surfaces were rubbed
with the back side of a gauze compress con-
taining the varnish. Although one cannot
rule out the possibility that these strategies
may have worked, being considered by the
parents and the children to be a form of
treatment, it should be noted that they do
not simulate the yellowish appearance of
the teeth and the change in taste following
application of the varnish.

As for the effect of the varnish in children
who are regularly exposed to fluoride from
other sources, the results suggest that ha-
ving the fluoride varnish applied professio-
nally provides additional protection against
dental caries in populations that consume
fluoridated water®!° and/or use fluoridated
toothpaste!'>13, From the clinical perspec-
tive, this information is quite relevant to
the current situation in which children are
routinely exposed to fluoridated water and/
or use fluoridated toothpastes.

It was not possible to determine whether
the fluoride concentration in the varnish
affects its prophylactic capacity, since only
one study® used the product FluorProtec-
tor® (1% Difluorsilano), while the others
used Duraphat® (5% NaF), but the studies
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that obtained the highest preventive frac-
tions used the product with the highest
concentration. It was also not possible to
conclude what the ideal interval is for var-
nish applications, but in those studies that
used intervals of four and three months
between applications®!!, the preventive
fractions were higher than in five studies
with 6-month applications!?!3141516 Never-
theless, this conclusion should be evaluated
with caution, given that only two studies
used intervals of less than six months.

Despite professional application of flu-
oride varnish being cited as a safe method
with broad acceptance by patients®S, this
review was unable to assess whether these
allegations are true since only two of the
most recent studies'®! supplied data on
the absence of side effects immediately
after application. No study considered the
possibility that using fluoride varnish might
increase the risk of dental fluorosis.

The problems associated with the design
of the clinical studies included in this review
should also be taken into consideration.

The random assignment of subjects to
the test and control groups through the
use of proper randomization procedures
was apparent in only one study'. Even so,
that study suffered a high dropout rate and,
at the end of the first year of follow-up in-
tentionally excluded any children who had
developed dental caries. This exclusion was
unequal since it involved more participants
in the control group than in each of the test
groups (yearly and 6-month varnish appli-
cation). Itis thus not possible to guarantee
that the dropouts and exclusions in ques-
tion had no effect on the results. It is also
relevant to highlight that, in two studies'*,
assignment of the intervention was done
by groups and not individuals, without this
factor being taken into consideration in the
statistical analyses.

It is interesting to note that, although
Weintraub’s study'® presents the above-
mentioned limitations, it is cited as a basis
for recommendations related to the profes-
sional use of fluorides for preventing caries
in children as part of policies and practice

guidelines such as those developed by the
American Academy of Pediatric Dentistry'?,
for example.

Other problems that may have con-
tributed to compromising the internal
validity of the studies were: the absence of
masking'?'*16 and calibration!>13141516 of the
examiners, and the lack of use of a placebo
in the control group.®1011.1213.1415.16

Unfortunately, in the course of con-
ducting the present review, we found only
a small number of publications on the
effect of fluoride varnish on the inciden-
ce of dental caries in primary teeth. An
especially important finding for Brazilian
professionals was the absence of controlled
clinical studies using locally manufactured
products, such as Fluorniz® (5.0% NaF) and
Biophat® (6.0% NaF and 6.0% CaF - calcium
fluoride), which generally cost less than the
product found to be most often evaluated
(Duraphat®).

It was also found that most of the publi-
cations do not meet the basic requirements
for producing high-quality scientific evi-
dence, which is shown by the fact that only
one of the trials included obtained a rating
higher than 2 according to the ranking cri-
teria proposed by Jadad®. We also found im-
pediments to performing metanalysis, such
as asymmetry and the lack of information
on standard deviations.

The conclusions from three systematic
reviews!®?*2! published up to December
2008 on the strength of available evidence
for the preventive effects of fluoride varni-
shes in primary dentition do not match up.
Marinho et al.” suggested that professional
application of fluoride varnish might offer
a substantial benefit for primary dentition.
However, Petersson et al.** and Rozier* state
that there is no conclusive evidence that
treatment with fluoride varnish reduces
caries incidence in primary dentition. In
contrast, the American Academy of Pediatric
Dentistry'® recommends professional use of
fluoride varnish to prevent or reverse the
demineralization of dental enamel in chil-
dren with a moderate to high risk of dental
caries. Finally, in addition to there being
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no evidence on the magnitude of benefit
offered by the varnish in terms of individual
cariesrisk, the efficacy of the disease control
strategy based on individual risk has been
the subject of criticism. The idea underlying
the high-risk approach is that by tracking
the most susceptible individuals, prevention
can be directed toward those who will bene-
fit the most, thus promoting the optimal use
of available resources. However, for this to
occur, there must be valid and reliable ways
to estimate individual risk and it must be
the case that a small number of individuals
with a high risk of disease is responsible for
a substantially higher number of carious
lesions rather than a large number of in-
dividuals with a low risk of disease. Thus,
currently, from a public health point of view,
population and population-targeted strate-
gies would seem to be more appropriate as
an approach to dealing with dental caries. In
the population-risk strategy, actions target
the entire population and in the population-
targeted strategy, groups of more vulnerable
individuals constitute the targets of the
actions®. In the present review, we found
that the highest preventive fractions were
obtained in the most recent studies, which
were conducted with population groups
more prone to disease and regularly exposed
to fluorides through toothpastes or public
water supplies, which suggests that the
professional use of fluoride varnish may be
useful when one opts for a caries control
strategy based on a population-targeted
strategy. Nevertheless, caution should be
taken before reaching a positive conclusion
onimplementing the use of this measure in
public health since, in absolute terms, each
child treated with the varnish had, on ave-

rage, one less carious dental surface than a
child not treated. Furthermore, there is still
alack of data on the possible side effects of
fluoride varnishes.

CONCLUSION

The results of the controlled clinical
trials published in the research literature
and included in the present review suggest
that fluoride varnish is capable of reducing
the incidence of caries in the primary teeth
of children six years of age or younger, but
provide no conclusive scientific evidence in
this respect. It is recommended that well-
designed, randomized clinical trials be con-
ducted along this line of investigation. Such
clinical trials should seek to assess: whether
there is an ideal interval for applying the
varnishes - taking into consideration the
cost-benefit ratio, whether the magnitude
of the beneficial effect of fluoride varnish
is associated with prior caries experience
and what magnitude of additional benefit
is derived from the application of fluoride
varnish in populations exposed to fluorida-
ted water and toothpastes. Moreover, it is
important to investigate whether fluoride
varnishes are, in fact, well accepted by chil-
dren and their parents, and whether or not
they cause side effects.

Collaborators

Denise Martins Carvalho and Branca
Heloisa de Oliveira performed the biblio-
graphic searches and article selection. All
of the authors participated in the critical
evaluation of the publications included in
the review and in writing the article.
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