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Early childhood caries management
using fluoride varnish and neutral
fluoride gel: a randomized clinical trial

Abstract: The aim of this study was to evaluate the clinical efficacy of
varnish and neutral fluoride gel in the management of early childhood
caries (ECC). A randomized clinical trial was conducted to compare two
strategies for ECC management: topical application of neutral fluoride
gel (NFG group) and varnish (FV group) every four months for a period
of one year. The sample consisted of children between the ages of three
and four years, enrolled in public daycare centers. The incidence of ECC
between the groups was compared by assessing values (new dmfs) at
two levels: d2 when enamel/dentin were affected and d® when dentin
affected. Pearson’s Chi-square, Fisher’s Exact, Kolmogorov-Smirnov
and Mann-Whitney tests were used to compare the incidence and
increment of caries between the NFG and FV groups (p<0.05). A total of
240 children were included in this study and 213 children (88.7%) were
followed up for 12 months. The incidence of ECC was 24.1% in the GF
and 21.0% in the FV groups (p=0.586). The increment of caries in d*mfs
was 1.36 (95% CI = 0.83 - 1.89) in the NFG and 1.33 (95% CI = 0.75 - 1.89)
in FV (p=0.756) groups. Increment of caries in d>mfs was 1.60 (95% CI
= 0.95 - 2.25) in NFG and 1.40 (95% CI = 0.75 - 2.04) in FV (p=0.468).
Neutral fluoride gel and fluoride varnish exhibited similar efficacy in
the management of ECC after 12 months of follow-up.
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Introduction

Early childhood caries (ECC) is defined as the presence of one or more
decayed (non-cavitated or cavitated lesions), missing (due to caries), or
filled surfaces in any primary tooth of a child under the age of six."” The
prevalence of ECC ranges from 0% to 98%° and has increased in some
countries, representing a public health problem.? The etiology of the
disease is associated with frequent consumption of sugary drinks or foods,
prolonged breastfeeding, and poor oral hygiene, and it often manifests
in children living in socially vulnerable conditions.** Children with ECC
are at greater risk of pain or discomfort, abscesses, delayed growth/
development, and impaired oral health-related quality of life*** In addition,
ECC is an important predictor for the development of dental caries in
permanent dentition.®* Management involves professional application of
fluorides, restorations, pulp therapy and/or extraction.?®
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Alternatives for professional use of fluorides
include fluoride varnishes and acidulated and
neutral gels.'”® Fluoride varnish is the product most
frequently used in children because of its safety,
easy application, and high acceptability,’'® but the
material is relatively expensive, even considering
different realities." Acidulated fluoride gel is a
low-cost material that has been used in supervised
toothbrushing in school programs.® A neutral gel
was developed to prevent superficial degradation
of esthetic restorations,'? and an in vitro study has
shown that it was effective in controlling caries
compared to acidulated gel.”

Fluoride varnish is the most frequently used
productin clinical trials in children.”!** and has been
shown to be similar or even superior to acidulate gel
in the in vitro formation of calcium fluoride on the
enamel surface.”® To the best of our knowledge, no
randomized clinical trial has yet compared varnish
and neutral fluoride gel. Thus, the aim of this trial
was to compare the clinical efficacy of varnish and
neutral fluoride gel in the management of dental
caries in early childhood.

Methodology

Study design and sampling procedure

This randomized, prospective, blinded clinical trial
lasted 12 months, from October 2018 to October 2019.
Children and their legal guardians signed a written
informed consent form (Ethics Committee Approval
2527894 and Brazilian Clinical Trials Registry RBR-
59dvws).

The program OpenEpi version 3.01 was used to
calculate the sample size. The parameters used were:
incidence of dental caries in children of preschool
age who used a fluoride product (35.5%) or placebo
(571%),° exposed-to-unexposed ratio of 1, 80% power
and 95% significance level. This resulted in a sample
of 92 children per group. The sample was increased by
30% to compensate for possible losses during the study,
resulting in a final sample of 240 children, divided
into two groups (120 per group). The children were
randomly allocated to the two groups according to
the intervention: neutral fluoride gel (Group NFG),
or fluoride varnish (Group FV).
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Low-income children attending public daycare
centers in a municipality with fluoridated water
supply, participated in this research. The inclusion
criteria for participation were children aged three and
four years old who lived in the same city for at least
one year, had a permanent address and telhphone
number, and regularly enrolled in daycare centers.
Children who had received a topical application of
professional fluoride in the six months prior to the
RCT or had teeth with pulpal involvement (fistula,
abscess, or exposed pulp chamber) or systemic
diseases, were not included.

Training and calibration

A specialist in pediatric dentistry conducted
the examinations. To calculate the intra-examiner
agreement, 20 children with caries lesions of different
degrees of severity were examined on two occasions,
15 days apart. Dental caries was measured using the
dmfs index,' and the International Caries Assessment
and Detection System (ICDAS)” was used to determine
the severity of other lesions. The “dmfs” index indicates
the number of “decayed”, “missing” due to caries, and
“filled” dental surfaces in primary teeth. At the end
of this period, the agreement on dmfs (kappa 0.91)
and ICDAS (kappa 0.87) was calculated.

Study groups, randomization, and blinding

The children received four applications of the
allocated treatment: one at the beginning of the
study (October 2018), and one every four months
afterwards (February, June and October 2019), to align
with the school calendar. Four public daycare centers
in the same neighborhood attended by low-income
children were selected. Simple random sampling was
used, and randomization was performed using the
Random Allocation Software 1.0 program (Isfahan,
Iran) according to the fluoride product to be used.
Each child was given a five-digit identification code
generated by the program and allocated to one of
the two groups: NFG and FV.

The identification codes were kept in a sealed
envelope until the end of the follow-up period to
ensure concealment of randomization. The children
were assessed at follow-up by an examiner who did
not know to which group each child belonged.
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Clinical exams and interventions

Parents/guardians answered a questionnaire
about socioeconomic-demographic data (sex
and age of the child, family income, parent’s
education) and behavioral habits (number of daily
toothbrushings with fluoridated toothpaste, who
brushes the child’s teeth, frequency of ingestion
of sweets [candy, lollipop, cookie and sweet cake],
reason and time of the last visit to the dentist). At
the beginning of the study, parents/guardians
were trained to brush the child’s teeth at the
daycare center. They were also instructed on the
importance of reducing the consumption of sugary
foods. Every four months, all children received a
new brush and fluoride toothpaste (1.450 ppm F -
MEP). Parents also received a letter reinforcing the
oral hygiene guidelines. One week after varnish
application, the parents / guardians were asked
about possible adverse effects on the child and
complaints regarding the color of the teeth.

Children were examined at the daycare center to
collect data on the prevalence and severity of ECC.
First, the presence of dental biofilm was assessed
using the Visible Plaque Index (VPI) and then oral
hygiene was performed with a toothbrush and
fluoride toothpaste. Gingival bleeding (GB) was
expressed as the number of surfaces with bleeding
after brushing.' Dental caries was measured using
the dmfs index and the ICDAS. The examination was
performed in a room with artificial ceiling lighting
aided by a dental operatory light (Pelican® model -
Startec with 127V, Sdo Paulo, Brazil), with the child
sitting on a chair. The child’s head was supported
on the examiner’s legs, and the examination was
performed using a flat mouth mirror (Golgran®, Sdo
Paulo, Brazil) and a spherical tip probe recommended
by WHO (Golgran®, Sao Paulo, Brazil).

Children in the NFG group were treated with
neutral fluoride gel (2% sodium fluoride - DFL,
Rio de Janeiro, Brazil). A pea-sized amount of gel
was placed on the toothbrush, and the researcher
brushed the child’s teeth for one minute."” The excess
was removed with gauze. In the FV group, children
were treated with fluoride varnish (sodium fluoride
5% Duraphat, Colgate®, Eschwege, Germany). A
pea-sized drop of varnish was dispensed into

a disposable cup. The teeth were isolated with
cotton and dried with gauze pads, and the varnish
was applied using a disposable microbrush (KG
Sorensen, Sao Paulo, Brazil). Parents/guardians
were instructed not to brush their children’s teeth
on the day of application.

After 12 months, the children were examined
again at the daycare center by the same examiner
who performed this procedure the beginning of the
study and did not know to which group the child
belonged. The examination was performed using
the same methodology as at baseline.

Ovutcomes

The primary outcome was the incidence of
caries measured by the proportion of children who
developed new lesions during the study. Dental
caries was recorded by d’mfs or d®mfs. Enamel or
dentin caries lesions (dental surfaces that received
ICDAS codes 3, 4, 5, or 6) were computed in d? and
dentin caries lesions were computed in d? (surfaces
with ICDAS codes 4, 5 or 6).° The number of decayed,
missing due to caries, and filled dental surfaces
at the beginning of the study (initial d®mfs) was
subtracted from the number of decayed, missing due
to caries and filled dental surfaces after 12 months
(final d®mfs). A child was considered to have an
incident case of dental caries if final d2mfs/d3mfs -
initial d?mfs/d*mfs > 0. A secondary outcome was
the 12-month caries increase, as measured by the
change from baseline in the dmfs index at d* and
d? caries detection thresholds’. Other secondary
outcomes were changes in the VPI and GB indexes,
after providing parents/guardians with guidance
on oral health and toothbrushing.

Statistical analysis

The data were analyzed using SPSS® software
version 20.0 (Statistical Package for the Social Science
for Windows, Armonk, USA: IBM Corp., 2011). The
analysis was performed by protocol, considering
the children who remained in the study for 12
months. Descriptive analyses of sociodemographic
data, health-related habits, and clinical indexes
were performed. Pearson’s Chi-square and Fisher’s
Exact tests were used to compare groups regarding
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sociodemographic characteristics and behavioral
habits. These tests were also used to compare
children with and without caries at baseline and
12 months thereafter, the incidence of caries, and
children who dropped out and those who remained
in the study, between the NFG and FV groups. The
Kolmogorov-Smirnov normality test was used to
analyze the distribution and increment in the d?mfs,
d®>mfs, and VPI and GB indexes, and showed that
there was a non-normal distribution of the data (p
<0.05). The Mann-Whitney test was performed to
assess differences between groups at baseline and
12 months and the increment in caries between NFG
and FV groups. The level of significance in all tests
was set at 5% (p < 0.05).

Results

In total, 240 children were included in this study.
The study flowchart is presented in Figure. After
12 months, 213 children (88.7%) were followed up
(Figure). Table 1 describes the characteristics of the
participants. There were no differences between
groups regarding sociodemographic characteristics
or behavioral habits at baseline (p > 0.05) (Table 1).

Table 2 shows the baseline comparison of outcomes
in NFG and FV groups. The frequency of children
with carious lesions was 38.9% in NFG and 30.5%
in FV (p = 0.197). Children in the NFG group had a
higher mean (2.01 + 2.29) of gingival bleeding than
those in Group FV (1.26 + 1.68) (p = 0.029) (Table 2).

240 were Randomized

A 4

Intervention 1 (NFG)
120 children received
neutral fluoride gel
application

l

3 did noft receive
application
(changedcity)

A

4 did not receive
application
(2 changed daycare
center; 2 changed city)

v

5 did not receive
application
(5 changed daycare
center)

108 were analyzed

Figure. Study flowchart.
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Table 1. Socioeconomic/demographic characteristics and oral health habits of the participants in the NFG and FV groups.

Total NFG FV
Variables p**
n (%) n (%) n (%)
Sex
Male 108 (50.7) 55 (50.9) 53 (49.1) 1 000
Female 105 (49.3) 53 (50.5) 52 (49.5)
Age (years)
3 23 (10.8) 10 (43.5) 13 (56.5) 0519
4 190 (89.2) 98 (51.6) 92 (48.4)
Family Income (minimum wages)
<1 92 (43.2) 44 (47.8) 48 (52.2) 0.491
> 1 121 (56.8) 64 (52.9) 57 (47.1)
Maternal schooling (years of formal study) *
<8 70 (33.0) 38 (54.3) 32 (45.7)
0.560
> 8 142 (67.0) 70 (49.3) 72 (50.7)
Number of daily toothbrushing
1 28 (13.1) 15 (53.6) 13 (46.4)
2 98 (46.0) 57 (58.2) 41 (41.8) 0.070
=3 87 (40.8) 36 (41.4) 51 (58.6)
Who performs the child’s toothbrushing
Parent 119 (55.9) 61 (51.3) 58 (48.7)
Child 36 (16.9) 17 (47.2) 19 (52.8) 0.929
Child and Parent 58 (27.2) 30 (51.7) 28 (48.3)
Frequency of sweets ingestion
Daily 46 (21.6) 23 (50.0) 23 (50.0)
3 to 5 times a week 48 (22.5) 26 (54.2) 22 (45.8) 0.960
1 to 2 times a week 60 (28.2) 30 (50.0) 30 (50.0)
Rarely / Does not ingest 59 (27.7) 29 (49.2) 30 (50.8)
Last visit to the dentist (months)
Never 111 (52.1) 59 (53.2) 52 (46.8)
<6 28 (13.1) 12 (42.9) 16 (57.1)
6-12 45 (21.1) 22 (48.9) 23 (51.1) 0805
> 12 29 (13.6) 15(51.7) 14 (48.3)
Reason for the last visit fo the dentist
Never visited 111 (52.1) 59 (53.2) 52 (46.8)
Prevention 77 (36.2) 34 (44.2) 43 (55.8) 0.135
Restoration 12 (5.6) 5(41.7) 7 (58.3)
Extraction / Other 13 (6.1) 10 (76.9) 3(23.1)
Reason for not visiting the dentist
Child has visited the dentist 102 (47.9) 49 (48.0) 53 (52.0)
No need 49 (23.0) 26 (53.1) 23 (46.9)
Egngr:m‘;;m"king el 20 (9.4) 9 (45.0) 11 (55.0 0.649
Lack of time 17 (8.0) 8 (47.1) 9 (52.9)
Other 25(11.7) 16 (64.0) 9 (36.0)
Total 213 (100.0) 108 (50.7) 105 (49.3)

Minimum wage = $171.24 *Variable with missing information. **Pearson’s Chi-square fest.
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Table 2. Baseline comparison of NFG and FV groups.

Total
n=213
Primary Outcome
Children without carious lesion, n (%) 139 (65.3)
Children with carious lesion, n (%) 74 (34.7)

Secondary Outcome
Mean d2mfs = SD (median; max-min) 2.21 + 4.46 (0.0; 0-24)
1.76 = 3.92 (0.0; 0-24)
4.92 + 412 (4.0; 0-20)
)

1.64 =2.05 (1.0; 0-10

Mean d3mfs = SD (median; max-min)
Mean VPI = SD (median; max-min)

Mean GB = SD (median; max-min)

NFG FV
n=108 n=105 P
66 (61.1) 73 (69.5) 0.197*
42 (38.9) 32 (30.5)
2.63 = 4.87 (0.0; 0-24) 1.77 + 3.98 (0.0; 0-24)  0.108**
2.11 = 4.22 (0.0; 0-23) 1.40 = 3.57 (0.0; 0-24)  0.093**
526 = 4.50 (4.0; 0-20)  4.56 = 3.65 (4.0; 0-20)  0.447**
2.01 = 2.29 (1.0; 0-10) 1.26 = 1.68 (0.0;0-7)  0.029**

d2?mfs = number of decayed surfaces (enamel + dentin), missing due to caries and filled; d3mfs = number of decayed surfaces (dentin), missing
due to caries and filled; SD = standard deviation; VPI = visible plaque index; GB = gingival bleeding; max = maximum; min = minimum;

*Pearson’s Chi-square test; **Mann-Whitney test.

Comparison of NFG and FV groups at the 12-month
follow-up is presented in Table 3. The frequency of
children with caries was 39.8% in NFG and 35.2%
in FV (p = 0.490). After 12 months, there was no
difference between groups in any parameter of oral
health (p > 0.05) (Table 3).

The incidence and caries increment, VP, and GB
in NFG and FV groups at the 12-month follow-up are
shown in Table 4. Caries incidence was 24.1% in NFG
and 21.0% in FV (p = 0.586). The increment in caries
in d?mfs was 1.36 (95% CI: 0.83-1.89) in NFG and 1.33
(95%ClI: 0.75-1.89) in FV (p = 0.756). The increment in
caries in d°mfs was 1.60 (95%Cl: 0.95-2.25) in NFG
and 1.40 (95%CIL: 0.75-2.04) in FV (p = 0.468). There
was a difference in the increment of gingival bleeding
between the groups (p = 0.017) (Table 4).

There were no differences between children who
abandoned the study and those who remained (12 in

the NFG and 15 in the FV) (p > 0.05). No complaints
or adverse effects were reported.

Discussion

This was the first study to evaluate the professional
use of neutral fluoride gel for the management of
ECC. In this 12-month randomized clinical trial, the
efficacy of neutral fluoride gel was shown to be similar
to that of the varnish. Studies have reported that the
use of varnish applied two to four times a year can
reduce the incidence of ECC,*® and this reduction
could could be as high as 25% when compared with
a placebo.”® However, some clinical trials have shown
no benefits in using fluoride varnish to reduce the
incidence of caries in preschool children regardless of
whether they were exposed”'*® to fluoridated water
and/or fluoridated toothpaste, or not.?

Table 3. Comparison of NFG and FV groups at the 12-month follow-up.

Total
n=213
Primary Outcome
Children without carious lesion, n (%) 133 (62.4)
Children with carious lesion, n (%) 80 (37.6)

Secondary Outcome

Mean d?mfs + SD (median; max-min) ~ 3.55 + 6.63 (0.0; 0-36)
3.26 +6.43 (0.0; 0-36)
1.31 + 2.89 (0.0; 0-20)

0.77 = 1.70 (0.0; 0-10)

Mean d3mfs + SD (median; max-min)
Mean VPI + SD (median; max-min)

Mean GB + SD (median; max-min)

NFG FV
n =108 n =105 P
65 (60.2) 68 (64.8) 0.490*
43(39.8) 37(35.2)
3.99 = 7.07 (0.0; 0-36) 3.10 + 6.16 (0.0; 0-30)  0.264**
3.71 = 6.84 (0.0; 0-36) 2.80 + 5.97 (0.0; 0-28)  0.202**
1.30 = 2.94 (0.0; 0-20) 1.32 = 2.86 (0.0; 0-15)  0.987**
0.76 + 1.68 (0.0; 0-8) 0.79 + 1.73 (0.0; 0-10)  0.984**

d?mfs = number of decayed surfaces (enamel + dentin), missing due to caries and filled; d3mfs = number of decayed surfaces (dentin), missing
due to caries and filled; SD = standard deviation; VPI = visible plaque index; GB = gingival bleeding; max = maximum; min = minimum;

*Pearson’s Chi-square test; **Mann-Whitney test.
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Table 4. Comparison of caries increment of NFG and FV groups at the 12-month follow-up.

Primary Outcome

Children who developed new lesions, n' (%)

Children without caries who developed lesions, n? (%)

Children with caries who developed new lesions, n® (%)
Secondary Outcome

d2mfs (95% Cl)

d®mfs (95% Cl)

VPI (95% CI)

GB (95% Cl)

Increment after 12 months

NFG FV P
n=108 n= 105

26 (24.1) 22 (21.0) 0.586*

03 (4.5) 06 (8.2) 0.498**

23 (54.8) 16 (50.0) 0.684*

1.36 (0.83 - 1.89) 1.33(0.75 - 1.89) 0.756%**

1.60 (0.95 — 2.25) 1.40 (0.75 — 2.04) 0.468***

3.96 (-4.91 --3.02)  -3.24 (-4.09 - -2.38) 0.558***

1.25(-1.77--0.73)  -0.47 (-0.85 — -0.08) 0.017**

d?mfs = number of decayed surfaces (enamel + dentin), missing due to caries and filled; d3mfs = number of decayed surfaces (dentin), missing
due to caries and filled; ClI = confidence interval; VPI = visible plaque index; GB = gingival bleeding; max = maximum; min = minimum; n' =
108 children for the gel and 105 children for the varnish; n2 = 139 children without caries at baseline; n® = 74 children with caries at baseline;

*Pearson’s Chi-square test; **Fisher’s exact test;; ***Mann-Whitney test.

The World Health Organization (WHO)
recommends two to four fluoride applications a
year in children at high risk for caries,' but this
frequency may not be effective in controlling ECC.*!
The contradictory results in the literature?!041820
can be explained by the methodological differences
between studies, such as the heterogeneity of patients
in presence or absence of caries at baseline and the
interval between varnish applications. In the present
study, the incidence of caries was higher in children
with ECC at baseline than in children without caries,
corroborating the findings of another study® and
consistent with previous experience that caries is
an important predictor of the occurrence of new
lesions®. This observation was indipendent of the
fluoride product used.

Clinical trials have shown that the acidulated
fluoride gel reduces caries incidence in primary
dentition compared with a placebo;® however, to date,
there has been no clinical study that compared acidic
or neutral gels with varnishes. In the Brazilian public
health system, fluoride gel is available in different
centers and is routinely used in schoolchildren.”? The
cost of fluoride gel is 60 times lower than that of varnish
and both showed the same efficacy in this study, which
suggests that the use of neutral fluoride gel in children
may be a favorable alternative to be implemented in
health system. Furthermore, professional application
of the gel with a brush for one minute is sufficient to
promote a reaction with enamel and the formation

of calcium fluoride deposits.” However, further cost-
effectiveness analyses are needed to provide definitive
answers for implementation and adoption in health
systems or inclusion in health policies.

Professionally applied fluoride products contain a
high concentration of fluoride to compensate for patient
non-use and enrich the dental surface with calcium
fluoride deposits.” These periodic applications can assist
in ECC management', favoring dental remineralization
after cariogenic challenges® and delaying the progression
of existing lesions'. The etiology of ECC is related to the
accumulation of biofilm on dental surfaces frequently
exposed to dietary sugars.’ The onset and progression
of the disease are modulated by biological, behavioral,
and social aspects.”

In this study, most children consumed sugar
very frequency on a daily basis and neglected oral
hygiene, as shown increased rates of biofilm and
gingival bleeding. All children in this study were
from low-income families and lived in socially
vulnerable conditions and therefore they were at
high risk of developing dental caries. In addition,
sugar consumption in the Brazilian population
exceeds international recommendations.* High
sugar consumption produces excessive amounts of
acids, which could overide the capacity of fluoride to
replenish minerals to the teeth.2 Thus, the professional
application of fluorides as a collective procedure is
important for prevention, acting while behavioral
changes are not assimilated.

Braz. Oral Res. 2022;36:€099 7
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The observed reduction in plaque and gingival
bleeding rates is associated with caries control,
since dental biofilm accumulation is necessary for
occurrence of the disease.””” One explanation for this
reduction in mean values would be the Hawthorne
effect, in which behavior of individulas changes
when they know they are being evaluated by an
observer,” as occurred in this study. Although there
is evidence that parent education does not seem to
have an effect on oral health or caries,” the adoption
of healthy habits in childhood begins at the family
level.® Therefore, we could not discard the possibility
that oral health education for parents and fluoride
topical application four times a year were an important
factor in reducing caries progression in this study.
Because oral health education was standardized
for both groups, it probably did not interfere with
differences (or absence of difference) between groups.

A large number of children in this study had
never visited a dentist or had only sought dental care
when they were in pain, which suggests that parents
did not consider dental care a priority.* However, it
may also have been because parents had difficulty
accessing public oral health services.! On average,
the children with caries had more than one carious/
restored surface. If the caries were not treated at this
point, we could expect a negative impact of ECC on
the quality of life of preschool children.’

Uncertainty about whether the parents followed
the instructions for brushing the teeh of children
only the day after the varnish was applied can be
considered one of the limitations of the study. Since
the reaction of the varnish with the enamel depends
on the duration of exposure to the fluoride and
dissolution of the insoluble fluoride in the intraoral
environment, removal of the varnish should be
avoided to improve the anti-caries effect.”” Further
clinical studies comparing neutral fluoride gel with

References

placebo in preschool children are needed to assess
the efficacy of this product, as the scarcity of studies
makes it difficult to make comparisons, considering
that the gel may be part of public policy planning for
ECC prevention and control in this age group. The
results of this RCT can be applied to a population of
children under six years of age and low-income, but
they cannot be extrapolated to the reference population
in the same age group. Because no difference was
found between the fluoride products tested in this
study, patient and dentist could choose which product
to use or receive. The public service would benefit
by having a more accessible product available.

Despite the short follow-up period, there was a
significant increase in caries, probably because the
study population was in the low-income bracket at
high risk of disease. This clinical trial was interrupted
due to the new coronavirus pandemic that started on
March 11, 2020. The incidence and increase of new
carious lesions might have been higher if the proposed
three-year follow-up had been completed. However,
since we included ICDAS score 3 in our outcomes,
we believe that the comparability between groups
would have been maintained.

Conclusion

At one-year follow-up, the efficacy of neutral
fluoride gel was similar to that of fluoride varnish
in early childhood caries management.
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