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Abstract

Background This 18-month randomized clinical trial aimed to compare the effectiveness of two topical fluoride
applications versus placebo control on preventing development of approximal caries in primary teeth.

Methods Preschool children were recruited if they had at least one initial approximal carious lesion at the distal
surface of the canines, both approximal surfaces of the first molars, or the mesial surface of the second molars
assessed from bitewing radiographs. The participants were randomly allocated into 3 intervention groups: Group

1 (placebo control), Group 2 (5% sodium fluoride [NaF] varnish), and Group 3 (38% silver diamine fluoride [SDF]).

All agents were applied semiannually. Two calibrated examiners evaluated the caries development from bitewing
radiographs. Caries development was recorded when the baseline sound surface or initial approximal carious lesion
surface developed dentin caries (beyond the outer one-third of dentine) at the follow-up examination. The intention-
to-treat approach was adopted. The Chi-square test was used to analyze the effectiveness of topical fluoride agents
in preventing approximal caries development and the effect of other variables. The multi-level logistic regression
analysis was performed to assess the relative effectiveness of topical fluoride agents in preventing approximal caries
development at the 18-month follow-up.

Results At baseline, 190 participants with 2,685 sound or initial carries at the approximal surfaces were recruited. No
differences in participant demographic backgrounds, oral health related habits, or caries experience were observed
among the 3 groups (P> 0.05). After 18 months, 155 (82%) participants remained in the study. The rates of developing
approximal caries in Groups 1, 2, and 3 were 24.1%, 17.1%, and 27.2%, respectively (P <0.001 X2 test). After adjusting
for confounding factors and clustering effect, the multilevel logistic regression analysis showed no differences in
caries development rates between the 3 groups (P> 0.05). Tooth type and the extent of a carious lesion at baseline
were the significant factors for caries development.
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application of 5%NaF, 38%SDF, or placebo.

Conclusion At 18-month follow-up, after adjusting for confounding factors and clustering effect, there were
no statistically significant differences in preventing of approximal caries development between the semiannual

Trial registration The study was registered in the Thai Clinical Trials Registry under the number TCTR20190315003 on

15/03/2019.
Keywords Early childhood caries, Enamel caries, Approximal surfaces, Primary teeth, Silver diamine fluoride, Fluoride
varnish

Background fluoride varnish was mainly based on visual examinations

Early childhood caries (ECC) remains highly prevalent
in many countries [1]. At an early age, the upper ante-
rior teeth and occlusal surfaces of posterior teeth are the
most affected areas. Once the primary dentition has fully
erupted and the posterior teeth have formed contacts
with the adjacent teeth, the approximal surfaces of poste-
rior primary teeth become highly sensitive areas for car-
ies formation [2]. Approximal caries in children is very
common even in areas with a low caries population, one-
third of 5-year-old Swedish children had one or more
approximal enamel and dentine lesions [3]. This surface
has a rapid rate of caries progression. It takes approxi-
mately 10 months from the initial stage to progress to
the stage of radiolucency to the dentino-enamel junction
and 2 years from the early stages to the inner half of den-
tine [4]. Routine tooth brushing is inadequate in cleaning
approximal surfaces. Although dental floss is an inter-
dental cleaning tool, limited evidence indicates that floss-
ing can prevent dental caries [5]. Furthermore, children’s
behavioral issues, limited fine motor skills, and parental
reliance on health care all contribute to the development
of ECC. Therefore, strategies that do not depend on indi-
viduals, such as professional fluoride applications for the
control of ECC, are required to enhance the effectiveness
of routine oral health care.

Sodium fluoride (NaF) 5% varnish is a professional top-
ical fluoride recommended for application in moderate
and high caries-risk children every 3—6 months to pre-
vent caries development. The mechanism of action of flu-
oride is the inhibition demineralization and enhancement
of remineralization [6]. The use of fluoride varnish pro-
vides a potential benefit over other forms of fluoride in
terms of prolonged contact time, acting as a slow-release
reservoir to prevent the rapid loss of fluoride after appli-
cation [7]. It can be applied easily and quickly in young
children [7]. A Cochrane systematic review reported 37%
preventive fraction of fluoride varnish in primary teeth
[8] and systematic reviews by Gao et al. showed that the
overall percentage of remineralized enamel caries with
fluoride varnish was 63.6% [9]. Fluoride varnish applied
to the entire dentition is expected to prevent caries devel-
opment on the approximal surfaces, just as it does on
other surfaces. Evidence regarding the effectiveness of

that persistently overlooked carious lesions on approxi-
mal surfaces, particularly initial to moderate carious
lesions, which can be detected by bitewing radiographic
examination. Few studies have evaluated the effectiveness
of fluoride varnish on approximal surfaces under radio-
graphic examination in primary dentition [10-12].

Silver diamine fluoride (SDF) is another popular high
concentration topical fluoride that has remarkable effec-
tiveness in treating dentine caries [9, 13]. Some research
investigated the caries-preventive effect of 38% SDF,
which showed promising results to help prevent caries
development in both primary and permanent dentition
[14-16]. Furthermore, SDF appeared to provide more
successful protection than NaF varnish. A pilot study on
occlusal surfaces of permanent molars reported the effec-
tiveness of SDF in controlling incipient enamel caries
[17]. A randomized controlled trial showed comparable
results of 30% SDF and 5% NaF varnish in controlling the
progression of cavitated enamel caries [18] without pla-
cebo control. Further studies are needed to warrant or
refute the preventive effect of SDF on approximal caries
development compared to a control.

Both topical fluoride agents are child friendly interven-
tions; however, a limited number of randomized clini-
cal trials have evaluated the caries-preventive effects on
approximal surfaces of primary teeth. Therefore, this
study aimed to evaluate the effectiveness of two profes-
sional fluoride agents on preventing approximal carious
development in primary teeth in high caries-risk pre-
school children: 5% NaF varnish and 38% SDEF. The null
hypothesis was that the approximal caries development
rates of the group either treated with 5% NaF varnish or
38% SDF were comparable to that of the group treated
with placebo.

Methods

The study design was a three-arm parallel group, ran-
domized clinical trial that allocated subjects into a 1:1:1
ratio. The trial was approved by the Institutional Review
Board of the Faculty of Dentistry/Faculty of Pharmacy,
Mabhidol University (No. MU-DT/PY-IRB 2019/005.1101)
and registered in the Thai Clinical Trials Registry (No.
TCTR20190315003) on 15/03/2019.
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The research purposes, procedures, risks, and benefits
of the study were explained to the parents or guardians
of the participants before they signed informed consent
forms. All participants were free to see a dentist and had
rights to withdraw from the study for any reason at any
time during the trial. Informed consent was obtained
from the parent or guardian of each child prior to com-
mencing the intervention. Participant recruitment and
data collection were conducted from March 2019 to
October 2020.

Participants

Children in six public schools in Nonthaburi Province
located at the central region of Thailand were invited to
participate in the study. The fluoride concentration in
the drinking water in the study area was less than 0.03
ppm. The inclusion criteria were healthy children aged
4—6 years who could cooperate with the clinical examina-
tion and had at least one quadrant showing sound con-
tact surfaces of posterior teeth. Children were excluded
if they had a history of fluoride, silver, or colophony agent
allergy, or had undergone topical fluoride administration
within the previous six months or were resistant to bite-
wing radiography.

The inclusion criteria at the tooth surface level were the
distal surfaces of the canine or first molar, or the mesial
surfaces of the first or second molars showing clini-
cally sound and radiographically sound or initial carious
lesion. Initial approximal carious lesions were defined
as radiolucency confined to the enamel or outer third
of dentine (RA1-RA3 according to the International
Caries Detection and Assessment System/International
Caries Classification and Management System (ICDAS/
ICCMS™) radiographic scoring system) [19].

Interventions

Before the examination, all participants practiced tooth-
brushing with our research team, were given dietary
advice, and received a set of oral health care packages
which included toothbrushes, fluoride toothpaste, dental
floss, and leaflets on oral health education.

The participants were randomly assigned to one of the
three intervention groups: Group 1 (placebo control;
water), Group 2 (5% NaF varnish [Duraphat, Colgate Pal-
molive, USA]), and Group 3 (38% SDF [Topamine, Den-
talife, Australia]) using the stratified block randomization
approach with a block size of six.

All clinical procedures were performed at the par-
ticipants’ schools by two dentists who were trained and
calibrated to apply NaF varnish and SDF by pediatric
dentist (V.]) prior to trial. The amount of apply NaF var-
nish applied per child was no more than 0.25 ml, and the
amount of SDF applied per child was no more than 1
drop (25 pL).
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Before applying either placebo or topical fluoride, the
teeth were cleaned with gauze and dental floss. A dispos-
able micro-applicator was used to apply one of the topi-
cal fluoride treatments or placebo to all tooth surfaces,
paying special attention to the proximal surfaces of pos-
terior teeth and avoiding the pulp-involved carious sur-
faces. After intervention, the participants were instructed
to refrain from eating or drinking for at least 30 min and
were monitored by their class teachers. The interventions
were performed every 6 months.

Outcome assessment

The outcome of this study was the presence of approxi-
mal carious lesions of the baseline recruited tooth sur-
face reaching beyond the outer half of dentine after
application of the intervention agents at the 6-, 12-, and
18-month follow-ups based on radiograph examinations.

Sample size

The sample size was calculated based on data from a pre-
vious study of approximal caries development that was
approximately 20.7% in a 2-year follow-up of children<7
years old [20]. A clinically significant difference between
the intervention groups would be 10%. The power of this
study was set at 80% with a=0.05 as the statistical sig-
nificance level. Therefore, the calculated sample size was
219 tooth surfaces per group or 657 in total at baseline.
Following the estimated intraclass correlation coefficient
of 0.13 [21] and the average of sound or initial proxi-
mal tooth surfaces in each child at 12 at baseline, the
design effect was 2.43. Therefore, a total of 135 children
with 1600 approximal tooth surfaces would be required.
Anticipating a 20% drop-out rate, a total of 168 children
(at least 56 children per group) with 2012 tooth surfaces
were needed to be recruited at baseline.

Randomization and blinding

One of the 3 intervention groups was assigned to each
participant. Based on stratified block randomization
of six, an Excel program generated the randomization
assignment. An assistant who was not involved in the
study handled the participant allocation assignments in
sealed envelopes and arranged them sequentially. Each
envelope was opened right before the intervention was
performed. The operators were not blinded to the inter-
vention groups, but all participants, parents, and the
evaluators were blinded.

Data collection

The baseline data on the child’s demographics (age and
gender), family’s socioeconomic background (parents’
education level and family incomes), and child’s oral
health related behaviors (tooth brushing, use of fluo-
ride toothpaste, and cariogenic snack consumption)
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were collected from the parents using a structured
questionnaire.

Clinical examinations at baseline and follow-up visits
were performed by a single examiner (P.S) trained and
calibrated by dental specialists in dental public health
(D.D) and pediatric dentistry (V.J) until the weighted
kappa values of inter- and intra-reliability were >0.8
each. The examiner was blinded to the allocation groups.
The clinical examinations were conducted in the school-
based setting using World Health Organization (WHO)
CPI periodontal probes with an LED dental mouth mir-
ror. The participants were examined in the supine posi-
tion on a mobile dental unit. The tooth/surface status was
recorded as sound, decayed, missing, and filled (dmft/
dmfs) based on WHO criteria. The oral cleanliness sta-
tus was assessed using the simplified oral hygiene index
on the buccal or lingual surfaces of 6 index teeth (55, 51,
65, 71, 75, and 85). The plaque score was measured on a
scale of 0-3. An average high score indicated poor dental
hygiene. The presence of food impaction and contact area
characteristics (open or closed) of each proximal surface
were also recorded.

Bitewing radiographic images were taken on the pos-
terior teeth with closed contact surfaces, at the initial
examination and at the 6-, 12-, and 18-month follow-
ups. An experienced radiology technician conducted
the radiographic imaging using size 0 digital film, a film
holder, and a portable digital x-ray machine (EzRay Air:
VEX-P300; 65 kV and 2.5 mA, exposure time 0.38s) with
a standardized technique. Bite position was recorded
and used for each follow-up visit. Both technician and
participants wore lead aprons and thyroid shields while
taking the radiographs. The digital films were processed
automatically (VistaScan Mini Easy, Diirr Dental, Ger-
many). The bitewing radiographic images were sent
anonymously to two independent dentists trained and
calibrated by a pediatric dental specialist (V.]) until inter-
and intra-reliability were reached (=0.8 for each dentist).
The two examiners viewed the radiographic images inde-
pendently via DBSWIN imaging software (Diirr Dental,
Germany) and scored approximal surface characteristics
accordingly: (sound) no radiolucency, (RA1l) radiolu-
cency confined to the outer half of enamel, (RA2) radio-
lucency that reached the inner half of the enamel or to
the enamel-dentin junction, (RA3) radiolucency that
reached the outer third of the dentin, (RB4) radiolucency
that reached the middle third of dentin, (RC5) radiolu-
cency that reached the inner third of dentin, (RC6) radio-
lucency approaching the pulp, (F) filled surface, and (E)
extracted tooth. The examiners were requested to re-
evaluate the surfaces with discrepancy scores. If disagree-
ment persisted, a discussion was held until agreement
was reached. Caries development was determined when
the recruited approximal surface had a carious lesion at
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the moderate stage (RB4) or extensive stages (RC5, RC6,
E, E) at the follow-up visits.

After examination, the parents/guardians of all partici-
pants received a summary of their children’s oral health
status and treatment needs, leaflets of oral health educa-
tion, as well as a referral letter for preventive and opera-
tive treatment.

Statistical analysis

Data were analyzed using SPSS version 26.0 for Windows
(SPSS Inc., Chicago, IL, USA). The level of statistical sig-
nificance was set at P<0.05. Chi-square test was used to
compare baseline sociodemographic backgrounds, oral
health-related behaviors of the participants, baseline
approximal caries statuses, and proximal surface charac-
teristics among the control, 38% SDF, and 5% NaF var-
nish groups. The comparability of the participants’ age,
plaque index, and dmft/dmfs scores at baseline among
the groups was assessed using analysis of variance or
the Kruskal-Wallis test depending on the normality of
distribution.

An intention-to-treat analysis was performed. The
carious lesion status of the drop-out participants or par-
ticipants who received restorative treatment or extrac-
tion between follow-up visits were recorded as caries
development. The Chi-square test was used to analyze
the effectiveness of topical fluoride agents in prevent-
ing approximal caries development and the association
of other variables on approximal caries development.
Since more than one approximal surfaces were chosen
from one tooth and one child, the multi-level logistic
regression analysis was performed to assess the relative
effectiveness of topical fluoride agents in preventing
approximal caries development at the 18-month follow-
up. Effects of potential variables, including baseline
demographic background, oral health-related habits,
baseline clinical characteristics, on approximal caries
development were also evaluated by this analysis.

Results

This study enrolled 190 children (95 males and 95 girls)
with an average (standard deviation [SD]) age of 60 (10)
months. The number of children in Group 1 (control
group), Group 2 (semi-annual NaF varnish application),
and Group 3 (semi-annual SDF application) were 64, 62,
and 64, respectively (Fig. 1). Children in Groups 1, 2, and
3 had 698 (77.2%), 684 (78.4%), and 673 (74.0%) sound
approximal surfaces and 206 (22.8%), 188 (21.6%), 236
(26%), approximal surfaces with initial caries, respec-
tively. There were no differences in the distribution of
caries characteristics among the 3 groups (P=0.326)
(Table 1). The overall mean (SD) dmft and dmfs scores
were 5.3 (4.3) and 11.2 (11.7), respectively. More than
two thirds of the children brushed their teeth without
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Fig. 1 Flow chart of participants over the 18-month study period

supervision. Their demographic background, oral health
related habits, and clinical characteristics were balanced
across the 3 groups (P>0.05) (Table 1).

At the 18-month follow-up, 155 children (82.6%)
remained in the trial. There were no significant differ-
ences between the subject dropout rates among three
groups (18.8%, 14.5%, and 21.9% in Groups 1, 2, and 3,
respectively with P=0.565). All (100%) children who
dropped out from the study were due to changing the
school (not related to the study).

Table 2 shows the caries development rates in the NaF
varnish and SDF groups compared to the control group
at the 6-, 12-, and 18-month follow-ups. The caries
development rates increased over time regardless of the

intervention group. Furthermore, the caries development
rates for the baseline sound approximal surface were sta-
tistically significantly different among the 3 groups at all
follow-up visits. No significant differences were detected
in the caries development rates among the groups for the
baseline approximal surface with initial carious lesion.
However, the overall approximal caries development
rates of Groups 1, 2, and 3 at the 18-month follow-up
were 24.1%, 17.1%, and 27.2%, respectively, which were
statistically significantly different among the 3 groups at
each follow-up (P<0.05). Group 2 had the lowest inci-
dence of caries development.

The associations between caries development rates and
other variables, such as demographic background, oral
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Table 1 Demographic Background, Oral Health-related Habits, and Clinical Characteristics of Participants at Baseline

Demographic background Group 1 Group 2 Group 3 PValue
Placebo control 5% NaF 38% SDF
n=64 n=62 n=64

Age, mean (SD), mo. 61.4(9.8) 60.1(10.8) 58.7 (10.6) 0.345°
min-max, mo. 47-81 43-81 40-83

Gender
male 33(51.6) 28 (45.2) 34(53.1) 0.640
female 31 (484) 34 (54.8) 30 (46.9)

Main caregiver
parents 49 (76.6) 46 (74.2) 51(79.7) 0.764
others 15(234) 16 (25.8) 13(20.3)

Father education level
primary school 14 (21.9) 16 (25.8) 14 (21.9) 0.641
secondary school 42 (65.6) 35 (56.5) 36 (56.2)
college or university 8(12.5) 1107.7) 14 (21.9)

Mother education level
primary school 9(14.1) 11(17.7) 9(14.1) 0.958
secondary school 43 (67.2) 39 (62.9) 41 (64.1)
college and university 12(18.8) 12 (19.4) 14 (21.9)

Monthly family income, Thai baht
< 10,000 11072 11017.7) 16 (25.0) 0510
10,000-20,000 36 (56.3) 39 (62.9) 31 (484)
> 20,000 17 (26.6) 12 (194) 17 (26.6)

Oral health related habits

Tooth brushing by 0.704
child 54 (84.4) 49 (79.0) 51(79.7)
parents 10 (15.6) 13(21.0) 13(20.3)

Frequency of brushing 0421
<2 times 12(18.8) 8(12.9) 7(10.9)
>2 times 52 (81.3) 54 (87.1) 57 (89.1)

Toothpaste 0.646
fluoride toothpaste 61(95.3) 57(91.9) 61(95.3)
non-fluoride toothpaste 3(4.7) 5(8.1) 3(4.7)

Milk 0.956
non-sugary 21(32.8) 19 (30.6) 21(32.8)
sugary 43 (67.2) 43 (69.4) 43 (67.2)

On bottle feeding 0.823
no 56 (87.5) 52 (83.9) 54 (84.4)
yes 8(12.5) 10 (16.1) 10(15.6)

Daily snack consumption 0.149
<2times 36 (56.3) 45 (72.6) 39 (60.9)
>2 times 28 (43.8) 17 (27.9) 25(39.1)

Clinical characteristics
dmft, mean (SD) 5.1(4.0) 54(4.8) 55(4.2) 0.877°
dmfs, mean (SD) 10.9(10.5) 11.4(126) 11.3012.1) 0948°
plague index, mean (SD) 1.5(04) 1.5(04) 1.6(04) 0.398°

Carious surface characteristics n=904 n=_872 n=909

Tooth type 0.986
second molar 226 (25.0) 219 (25.1) 224 (24.6)
first molar 432 (47.8) 424 (48.6) 436 (48.0)
canine 246 (27.2) 229 (26.3) 249 (27.4)

Tooth position 0.995
upper 451 (49.9) 437 (50.1) 455 (50.1)

lower 453 (50.1) 435 (49.9) 454 (49.9)
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Table 1 (continued)
Demographic background Group 1 Group 2 Group 3 PValue
Placebo control 5% NaF 38% SDF
n=64 n=62 n=64
Surface type 0.978
mesial 457 (50.6) 439 (50.3) 455 (50.1)
distal 447 (49.4) 433 (49.7) 454 (49.9)
Extent of caries in radiograph 0.326
Sound 698 (77.2) 684 (78.4) 673 (74.0)
RA1 124 (13.7) 108 (12.4) 129 (14.2)
RA2 41 (4.5) 37(4.2) 49 (54)
RA3 41 (4.5) 43(4.9) 58 (6.4)
Contact characteristics 0.274
closed 633 (70.0) 595 (68.2) 652 (71.7)
open 271 (30.0) 277 (31.8) 257 (28.3)
Food impaction 0.599
yes 47 (5.2) 54 (6.2) 48(5.3)
no 857 (94.8) 818(93.8) 861 (94.7)
Adjacent surface 0.264
sound 686 (75.9) 663 (76.0) 655 (72.1)
non-cavitated caries 185 (20.5) 175 (20.1) 218 (24.0)
cavitated caries 33(3.7) 34 (3.9 36 (4.0)
2 ANOVA
b Kruskal-Wallis test
Data are presented as n (%) unless otherwise indicated
Table 2 Caries Development Rate at the 6-, 12-,and 18-month Discussion

Follow-ups Among 3 Groups

Group 1 Group2 Group3 P
Control 5% NaF 38%SDF Value®
Overall n=904 n=872 n=909
6 months 131(14.5) 61 (7.0) 88(9.7) <0.001
12 months 151 (16.7) 107 (12.3) 115(12.7) 0.011
18 months 218 (24.1) 149 (17.1) 247(272) <0.001
Sound surface n=698 n=684 n=673
6 months 94 (13.5) 37(54) 54 (8.0) <0.001
12 months 96 (13.8) 61(8.9) 59 (8.8) 0.003
18 months 142 (20.3) 87(12.7) 151(224) <0.001
Initial caries (RA1-2-3)  n=206 n=188 n=236
6 months 37 (18.0) 24(12.8) 34(144) 0.332
12 months 55(26.7) 46 (24.5) 56(23.7) 0.760
18 months 76 (36.9) 62 (330 96 (40.7) 0.264

Data are presented as n (%)
2Chi-square test

health-related behavior, and clinical features, are shown
in Table 3. Several potential factors could influence the
rate of caries development. Therefore, multi-level logis-
tic regression analyses were performed at the 18-month
follow-up (Table 4). After adjusting for clustering effect
and confounding factors, the multi-level logistic regres-
sion analysis showed no differences in caries develop-
ment among the 3 groups (P>0.05). Tooth type and the
extent of caries lesion at baseline were significant factors
for caries development (P<0.05).

A PubMed search on 3th December 2022 found no
studies on the effectiveness of SDF to prevent approxi-
mal caries in primary teeth. This is the first randomized
clinical trial to compare the effectiveness of 38% SDF to
5%NaF varnish on approximal surfaces with a control.
The results of our study demonstrated no significant dif-
ferences in preventing approximal caries development
among the 3 groups after controlling for cluster effects
and confounding factors based on the 18-month follow-
up. The results of the present study support a recent sys-
tematic review that concluded that fluoride varnish had a
modest and uncertain effect on preventing caries devel-
opment in children [22, 23]. The findings of this study
were also consistent with a recent systematic review and
network meta-analysis [24], that for the application of 5%
NaF varnish, there may be a higher chance of arresting
non-cavitated lesions as compared with no treatment;
however, the results were not statistically significant.

The effectiveness of semi-annual 38% SDF application
on preventing caries development was also not observed
in our study. Preventing caries development on approxi-
mal areas might be more difficult than other surfaces
because these areas are more vulnerable to plaque accu-
mulation. Furthermore, approximal areas are difficult to
clean and they have restricted salivary access and less
fluoride toothpaste exposure compared to other surfaces.
The results of the current study were inconsistent with
previous studies [14, 15]. The possible explanation may be
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Table 3 Association Between Caries Development Rate with
Independent Variables at 18 Months Follow-up: Univariate
analysis (n=2685 surfaces)

Caries develop- P

ment rate Value
n (%)

Gender 0.496
male 302 (22.3)
female 312 (23.4)

Main caregiver 0.006
parents 494 (24.1)
others 120 (18.9)

Father education level <0.001
primary 115(18.8)
secondary 413 (25.7)
college 86 (184)

Mother education level 0.076
primary 77 (187)
secondary 405 (23.3)
college 132 (24.5)

Monthly family income, Thai baht 0.630
< 10,000 126 (23.6)
10,000-20,000 332(222)
> 20,000 156 (23.9)

Tooth brushing by 0.003
child 518 (24.1)
parents 96 (18.0)

Frequency of brushing <0.001
<2 times 113(32.0)
>2 times 501 (21.5)

Brushing with fluoride toothpaste 0.018
yes 570(22.4)
no 44 (31.0)

Milk <0.001
non-sugary 156 (18.0)
sugary 458 (25.2)

On bottle feeding 0.954
yes 91 (23.0)
no 523 (22.8)

Daily snack consumption 0.127
<2times 373(21.9)
>2 times 241 (24.5)

Contact characteristics 0.056
closed 449 (23.9)
open 165 (20.5)

Food impaction <0.001
yes 52 (34.9)
no 562 (22.2)

Adjacent surface characteristics <0.001
sound 406 (20.3)
non-cavitated 181 (31.3)
cavitated 27 (26.2)
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Table 4 Final Multi-level Logistic Regression Model of the Caries
Development Rate at 18-month Follow-up

Variables Adjusted 95% P
odds cl Value
ratio®®

Group 0.371

38% SDF 1.12 052- 0774
242
5% NaF 0.63 028- 0.273
144
Placebo control 1 -
Tooth type 0.005
Second molar 1.11 093- 0.231
132
First molar 1.20 1.07- 0.003
136
Canine 1
Baseline x-ray <0.001
RA3 6.82 4.15- <0.001
11.19
RA2 3.02 1.79- <0.001
5.08
RA1 1.50 1.01- 0.043
221
Sound 1

2 excluded non-significant variables: baseline demographic variables (child’s
gender, main caregiver, education level of parents, and monthly family income),
oral health-related habits (brushing habit, use of fluoride tooth paste, drinking
sugary milk, bottle feeding habit, and frequency of snack taking), and baseline
clinical characteristics (dmfs, plaque index, tooth surface type, presence of food
impaction at the approximal area and contact characteristics). ® Adjusted odds
ratio>1 corresponds to a higher chance of approximal caries development

the differences in examinations, such as no radiographic
examination, differences in child populations with dif-
ferent caries risks, and also different eligibility criteria at
the tooth surface level included in each study. In children
with high caries risk, semi-annual applications of topical
fluorides seem insufficient in preventing caries develop-
ment. A more frequent application of more than twice
a year as a complement to a comprehensive oral health
promotion program has been recommended [25, 26];
however, the evidence supporting this recommendation
has been graded as of low to very low certainty. Future
studies are required to warrant or refute the efficacy of
topical fluorides to prevent approximal caries using more
frequent applications in high caries-risk children.
Another possibility of the topical fluoride effectiveness
being not significantly different from the control group
could be the Hawthorne effect [27, 28]. Since all partici-
pants were aware they would be examined on a regular
basis, they all established more favorable behavioral hab-
its. Parents in this study were also aware they were tak-
ing part in a clinical trial for the prevention of dental
caries. Furthermore, the oral health status of the children
was reported to their parents at each examination visit,
and the importance of oral health care was emphasized
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to them as well, which likely led the parents to pay more
attention to the oral health of their children.

The results of the multi-level logistic regression analysis
demonstrated that tooth type and the extent of baseline
approximal caries influenced approximal caries develop-
ment. The first primary molar was more prone to caries
development than the canine or second molar in this age
group, which was consistent with previous studies [29,
30]. This was likely because the enamel thickness of the
first primary molar is thinner than the second primary
molar. In addition, the extent of baseline approximal
caries was another crucial factor on caries development
[31]. Our data revealed that enamel proximal caries had
a higher chance to progress into cavitated dentine car-
ies, compared to sound proximal tooth surface. It was
underscored that once enamel caries is developed in
the approximal surface, it is likely to progress into to
the moderate stage regardless of subject characteristics
or oral health related behavior. Secondary and tertiary
prevention efforts are required to reduce the negative
impacts of dental caries once established.

The strengths of this study include sufficient sample
size, comprehensive assessment with both clinical and
radiographic examinations, as well as using the ICCMS™
scoring system to compare our results to other studies in
the future. This study also has limitations. The study was
conducted in primary teeth of preschool children with
high caries risk in a school-based setting. The results
cannot be generalized to other age groups with differ-
ent caries risks. More research is required regarding
the effectiveness of different frequency of professionally
applied topical fluorides in preventing and controlling
approximal carious lesions.

As early childhood caries is a multifactorial disease,
preventing new caries development or arresting the pro-
gression of carious lesions cannot be accomplished with
a single intervention, such as the application of profes-
sional topical fluoride, especially in children at high risk
for caries. The strategies for preventing ECC in high-
risk groups require a combination of individual- and
community-level interventions including hand-on tooth
brushing with fluoride toothpaste, educating parents
/ caregivers to improve oral health literacy, promoting
school and community to create a healthy dietary envi-
ronment, and implementing water or milk fluoridation.

Conclusion

Based on the 18-month results, the caries development
rates increased over time regardless of the intervention
group. After adjusting for clustering and confounding, no
statistically significant differences in preventing approxi-
mal caries development in primary teeth were observed
between the semi-annual application of 5%NaF varnish,
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38%SDF, and placebo in high caries-risk preschool chil-
dren in the school-based setting.

Abbreviations

ECC Early childhood caries

NaF Sodium fluoride

SDF Silver diamine fluoride

ICDAS/ICCMS  International Caries Detection and Assessment System/

International Caries Classification and Management System

WHO World Health Organixation

dmft decayed, missing and filled teeth
dmfs decayed, missing and filled surfaces
SD Standard deviation

a Confidence interval
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