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Abstract

Fissure sealant is a recommended preventive measure on
permanent molars, but its efficacy on primary molars in pre-
school children is still in doubt. Sodium fluoride varnish
(NaFV) enhances remineralization and is effective in prevent-
ing caries in smooth surfaces, but limited information is
available regarding its use on occlusal surfaces of primary
molars. The present study aimed to compare the efficacy of
glass ionomer sealant (GIS) versus topical application of 5%
NaFV in preventing and arresting occlusal caries in primary
second molars among preschool children. One calibrated
examiner examined children aged 3-4 years for visible
plaque index (VPI), decayed-missing-filled primary surface
(dmfs) index, and extent of carious lesions by the Interna-
tional Caries Detection and Assessment System (ICDAS).
Subjects with 1 or more primary second molars that were
sound or with incipient lesions (ICDAS 0-1), with distinct vi-
sual enamel changes (ICDAS 2), or with localized enamel

breakdown (ICDAS 3) were recruited. The children were ran-
domly assigned to either NaFV group - application of 5%
NaFV at 3-monthly intervals or GIS group - 1 single place-
ment of GIS. A parental questionnaire was used to collect
information on the children’s sociodemographic back-
ground and oral health-related habits. Two blinded examin-
ers conducted clinical examinations after 6 and 12 months
to evaluate the development of occlusal caries and the re-
tention of GIS. Negative binomial regression using general-
ized estimating equations was employed to adjust for the
clustering effect and evaluate the influence of selected vari-
ables on the development of occlusal caries into dentin at 12
months. A total of 323 children with 1,159 primary second
molars received the respective preventive measures at base-
line. At 12 months, 280 children with 989 molars were evalu-
ated. Caries had developed or progressed into dentin in
7.8% and 8.0% of the molars in the NaFV and GIS groups,
respectively, with no significant difference between the
groups (p = 0.913). The overall retention rates of GIS were
24.6% and 13.5% at 6 and 12 months, respectively. Regres-
sion analyses showed only baseline caries experience, and
an ICDAS code had a significant association with occlusal
caries progression. Quarterly NaFV application and single
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GIS placement showed similar effectiveness in the preven-
tion of occlusal caries development among preschool chil-

dren. ©2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Resin-based sealant (RBS) placement is a well-estab-
lished method in the prevention of occlusal caries in per-
manent molars [(*)]. RBS serves as a physical barrier be-
tween the enamel and the oral environment, reducing
plaque retention by sealing occlusal pit and fissures and
subsequently preventing dental caries [(*)]. Sealants have
also been advocated to manage incipient noncavitated oc-
clusal caries lesions, wherein caries arrest can be achieved
without the destruction of intact tooth structures [Griffin
etal., 2008; (*)]. However, these findings are based main-
ly on studies conducted among school children [(*)],
where cooperation and moisture control can be easily ac-
complished. Among preschool children, placement of
RBS can be a technique-sensitive procedure because of
the difficulty in achieving a strict moisture control, which
is an essential prerequisite for the retention and success
of the sealants [(*)]. There is currently insufficient evi-
dence to support the benefits of RBS placement compared
with no treatment in the primary dentition [(*)].

Glass ionomer sealant (GIS) bonds chemically to
enamel and is more tolerable to inadequate moisture con-
trol [(*)]. As its application requires fewer clinical steps,
GIS could be better accepted by younger patients and
used in outreach settings. The fluoride-releasing ability of
GIS is beneficial in preventing caries, especially at adja-
cent tooth surfaces [(¥)]. However, its retention rate is
significantly lower than that of RBS [(*)], and its success
rate in preventing fissure caries in very young children is
still unknown.

Topical fluoride varnish (TFV) is a well-proven and
safe-to-use agent to combat caries development among
children younger than 6 years [(*); (*)]. It might also be
more advantageous to use TFV than RBS among very
young children as the treatment time is significantly
shorter [(*)], with moisture control not being a prime
concern [(*)]. However, its effectiveness in preventing the
occurrence of fissure caries compared with sealants is still
debatable [(*)].

The present study aimed to compare the efficacy of
GIS versus topical application of 5% sodium fluoride var-
nish (NaFV) in the prevention of occlusal caries in pri-
mary second molars among preschool children. The null

Primary Molar Occlusal Caries: Sealant or
Varnish?

hypothesis tested was that there is no difference between
the placement of GIS and the topical application of 5%
NaFV in the prevention of occlusal caries in primary sec-
ond molars among preschool children.

Subjects, Materials, and Methods

This parallel-group randomized controlled trial was conducted
in Hong Kong, where the communal water supply is fluoridated
optimally ata concentration of 0.5 ppm. Most child formula tooth-
pastes available for purchase in Hong Kong contain fluoride at a
concentration of 500-600 ppm. Ethical approval was obtained
from the Institutional Review Board of the University of Hong
Kong/Hospital Authority Hong Kong West Cluster (UW 18-053),
and the trial was registered in ClinicalTrials.gov (NCT04163354).

Sample Size Calculation

The primary outcome measure of this clinical trial was caries
development into dentin on the occlusal surface of primary second
molar, which was assessed by the International Caries Detection
and Assessment System (ICDAS) II codes 4, 5, and 6 [(*)]. Based
on the results of a previous split-mouth study on primary molars
[(*)], the absolute difference between the effect of fluoride varnish
and that of sealant on occlusal caries reduction was 30%. Calcu-
lated with a 5% statistical significance level and a 90% power, a
minimum of 102 children in each group were required. The initial
sample size was increased by 25% to allow for loss of power due to
the dropout of study participants, that is, 128 children in each
group. Thus, the total sample size needed at the beginning of the
study was 256 divided into 2 equal groups.

Subject Selection

Children attending kindergarten grade 1 in 11 kindergartens
dispersed across Hong Kong were invited to participate in the
present study. An invitation letter was sent to their parents, ex-
plaining the objectives and procedures of the study. Only children
whose parents signed the informed consent were included. Parents
were also required to complete a validated questionnaire regarding
their child’s socioeconomic background and oral health-related
behaviors.

Inclusion Criteria

After screening, children deemed to be at moderate to high car-
ies risk, that is, who fulfilled at least one of the following criteria as
defined in the guidelines provided by the American Academy of
Pediatric Dentistry [(*)] were identified. The criteria were children
who were recent immigrants or of low socioeconomic status,
snacked >3 times per day, or were put to bed with a bottle contain-
ing natural or added sugar, as well as children with visible plaque,
>1 decayed-missing-filled tooth surfaces, white spot lesions, or
enamel defects [(*)].

Exclusion Criteria

According to the self-reported questionnaire, children with se-
rious systemic disease or who required long-term medication, as
well as children with special health-care needs were excluded. Also,
children who were uncooperative during the interventions or who
had received professional topical fluoride application in the past 6
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months were excluded from the study. Primary second molars
with restorations, sealants, or dentinal caries being assessed as IC-
DASII code 4, 5, or 6 [(*)] were excluded. The study also excluded
molars that were partially erupted, hypoplastic, or hypomineral-
ized.

Subject Recruitment

Subject recruitment lasted from April until July in 2018. A total
of 367 parental written consents were obtained from children at-
tending kindergarten grade 1 in the 11 study kindergartens. Clini-
cal examination was performed on 356 children as 11 children
were either absent on the day of visit (2 children) or refused to be
examined (9 children). Since all children examined were presented
with visible plaques, all invited children were assessed as of moder-
ate caries risk or above and thereby met the inclusion criteria.
Twenty-three children were further excluded due to the presence
of caries in all 4 primary second molars with ICDAS code 4 or
above (16 children), the presence of restorations on all primary
second molars (1 child), age over 60 months (4 children), and com-
plex systemic health conditions (2 children). After the clinical ex-
amination, 154 children with at least 1 primary second molar with
ICDAS codes 0-3 were assigned to the NaFV group, and all of
them received the application of NaFV. On the other hand, 179
children were allocated to the GIS group, but GIS was only able to
be placed on at least one of the second primary molars of 169 chil-
dren. Seven children were not cooperative during the clinical pro-
cedures, while another 3 children had strong gag reflex that pre-
cluded GIS placement. The mean age of the NaFV group children
was 46.5 (£3.7) months while that of the GIS group children was
46.3 (+3.7) months. The respective total numbers of second pri-
mary molars in the NaFV and GIS groups were 567 and 592.

Questionnaire

A validated parental questionnaire, which was adapted from
earlier studies [(*)], was distributed to collect the children’s per-
sonal data (gender, date and place of birth, medical history of sys-
temic diseases, and long-term medication); oral health-related be-
haviors (toothbrushing frequency, supervised toothbrushing, use
of toothpaste, snacking habit, night bottle feeding, and frequency
of dental visits); and socioeconomic background (parents’ age and
education, monthly household income, and the number of sib-
lings).

Clinical Examination

Clinical examination was performed by 1 dentist (P.L.), with
the child lying supine on a table provided by the kindergarten, us-
ing disposable dental mirrors attached to an intraoral light-emit-
ting diode (MirrorLite, Kudos Crown Ltd., Hong Kong) and a
blunt WHO CPI probe. The visible plaque index (VPI) [(*)] score
and the number of decayed-missing-filled primary teeth (dmft)
and decayed-missing-filled primary surfaces (dmfs) [(*)] were re-
corded. After cleaning and drying the tooth surfaces with gauze,
the caries status of the occlusal surfaces of primary second molars
was recorded using the ICDAS II coding system. As air drying was
not possible in outreach settings, ICDAS 0 and 1 lesions were re-
corded in combination to enhance detection reliability. The ball
end of a CPI probe was used to slide through the pit and fissures
to detect any enamel cavities or discontinuities [(*)]. A 10% ran-
dom sample was reexamined during every examination to monitor
intra-examiner reproducibility.
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Randomization and Treatment Allocation

The recruited children were randomly allocated using sequen-
tially numbered, opaque, and sealed envelopes to either the NaFV
group or the GIS group. The random allocation was concealed as
the envelopes were opened only in front of the participants, just
before their respective allocation, following a computer-generated
list of random numbers.

Interventions

For the sealant group, GIS was applied using the finger-press
technique described in the WHO manual for atraumatic restor-
ative treatment [(*)] by the same dentist (P.L.) after randomiza-
tion. The primary second molars that were included were first
cleaned and dried by wiping with gauze and cotton pellets. Follow-
ing the manufacturer’s instructions, further cleaning of the fissures
was performed by applying GC cavity conditioner with a micro-
applicator for 10-15 s and then cleaned with wet cotton pellets for
several times. The surface was dried with cotton pellets. To stan-
dardize the liquid-powder ratio of the GIC (GC Fuji VI, GC Asia),
capsules were used and mixed with an amalgamator, followed by
its application on the occlusal surface with a plastic instrument,
and were slightly overfilled. A gloved finger with petroleum jelly
(Vaseline®) was used to place and rub the materials into the pits
and fissures, as well as to remove the excess GIC material from the
tooth surface. The operator followed a standard protocol for each
included child and first performed the procedure on tooth 85, fol-
lowed by teeth 75, 65, and finally on 55.

In the NaFV group, 0.25 mL (1 drop) of the varnish (Colgate
Duraphat® varnish, Colgate-Palmolive [UK] Ltd., 50 mg/mL) was
placed in a plastic dappen dish by the same dentist (P.L.). A dispos-
able microbrush was used to apply the varnish onto the second
primary molars included in the study and all the other teeth. The
child was instructed not to eat or drink after the application of var-
nish for at least half an hour.

Follow-Up Evaluation

The same dentist (P.L.) visited the kindergartens every 3
months to apply NaFV on the study teeth of the NaFV group chil-
dren. Similar to the baseline, the same amount of 5% NaFV was
applied using a disposable microbrush. At 6 and 12 months, a clin-
ical examination was performed by 2 other examiners (D.S. and
W.L.) for all children in both groups. During the follow-up ex-
amination, overall VPI and dmfs were recorded. ICDAS scores
were recorded for each primary second molar included in the
study.

Outcome Measures

The primary outcome measure was occlusal caries develop-
ment into dentin (ICDAS codes 4, 5, and 6) in the primary second
molars. The secondary outcome measure was the retention of GIS.

Data Processing and Analysis

Data analysis was performed using SPSS® Statistics, version
23.0 (SPSS Ing, Chicago, IL, USA). Children with missing outcome
data resulting from loss to follow-up or unrecorded data were ex-
cluded from the analysis. Data proofreading was performed after
data entry to identify and correct any errors before analyzing the
data. An intention-to-treat analysis was undertaken. Intra- and
inter-examiner agreement in diagnosing the occurrence and sever-
ity of dental caries were assessed by Cohen’s kappa statistics. The
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Fig. 1. Flowchart of participants through each stage of randomized controlled trial. ICDAS, International Caries
Detection and Assessment System; NaF varnish, sodium fluoride varnish; GIS, glass ionomer sealant.
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Table 1. Baseline demographic profile and oral health status of study participants (n = 323)

Child demographic profile NaFV group (n=154)  GIS group (n =169)  p value
% (n) % (n)
Child’s gender
Male 49.4 (76) 56.8 (96) 0.180"
Female 50.6 (78) 43.2 (73) ’
Place of birth
Hong Kong 89.6 (138) 93.5 (158) 0.208"
Others or undisclosed 10.4 (16) 6.5(11) ’
Parent age range
20-29 years 10.4 (16) 10.1 (17)
30-39 years 66.9 (103) 65.7 (111)
40-49 years 19.5 (30) 22.5(38) 0.739%
50 years or above 1.9 (3) 1.8 (3)
Undisclosed 1.3 (2) 0.0 (0)
Family income, HKD per month
< USD 20,000 34.4 (53) 37.3 (63)
USD 20,001-30,000 20.1 (31) 19.5 (33)
USD 30,001-40,000 14.3 (22) 13.0 (22) 0.948"
USD 40,000 or above 21.4 (33) 22.5(38)
Undisclosed 9.7 (15) 7.7 (13)
Father’s education level
Less than primary 1.3 (2) 0.6 (1)
Secondary school 51.2 (79) 46.7 (79)
Post-secondary/university 24.7 (38) 35.5 (60) 0.258"
Postgraduate or above 13.6 (21) 9.5 (16)
Undisclosed 9.1 (14) 7.7 (13)
Mother’s education level
Less than primary 4.5(7) 3.0 (5)
Secondary school 55.2 (85) 53.8 (91)
Post-secondary/university 29.9 (46) 33.7 (57) 0.765"
Post-graduate or above 9.1 (14) 7.1(12)
Undisclosed 1.3 (2) 2.4 (4)
Children, n
1 31.2 (48) 36.1 (61)
2 56.5 (87) 50.9 (86) +
3 8.4 (13) 9.5 (16) 0.760
Undisclosed 3.9 (6) 3.6 (6)
Mean (SD) Mean SD p value
Age, months 46.5 (3.7) 46.3 (3.7) 0.724%
Oral habits % (n) % (n) p value’
Brushing frequency
Less than once a day 9.7 (15) 7.7 (13)
Once a day 32.5 (50) 32.5(55) 0.865"
Twice or more a day 57.8 (89) 59.2 (96) ’
Undisclosed 0.0 (0) 0.6 (1)
Supervised toothbrush
No 9.7 (15) 7.7 (13)
Yes, sometimes 36.4 (56) 45.6 (77) 0.374*
Yes, all the time 52.6 (81) 46.2 (78) ’
Undisclosed 1.3 (2) 0.6 (1)
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Table 1 (continued)

Oral habits % (n) % (n) p value'
Toothpaste
No toothpaste 9.1 (14) 5.9 (10)
Child nonfluoridated toothpaste 36.4 (56) 32.5(55)
Child or adult fluoridated toothpaste 41.6 (64) 42.6 (72) 0.387F
Uncertain 11.0 (17) 17.8 (30)
Undisclosed 1.9 (3) 1.2 (2)
Snacking frequency
Less than once a day 11.0 (17) 12.4 (19)
Once a day 33.8 (52) 23.7 (40)
Twice a day 35.1 (56) 42.6 (72) 0.276"
Over twice 20.1 (31) 20.7 (35)
Undisclosed 0.0 (0) 1(0.6)
Night bottle habit
Yes 11.0 (17) 11.2 (19)
Previously yes but winded up recently 29.9 (46) 30.2 (51) 0.881*
Never 58.4 (90) 56.8 (96) ’
Undisclosed 0.6 (1) 1.8 (3)
Previous dental visit
No 83.8 (129) 88.32 (149) 0.254"
Yes 16.2 (25) 11.8 (20) ’
Oral health parameters Mean (SD) Mean (SD) p value
VPI score (%) 32.5(19.3) 30.2 (18.2) 0.253%
dmft score 1.2 (2.7) 1.2 (2.5) 0.977%
dt score 1.2 (2.7) 1.2 (2.5) 0.978%
ft score 0.0 (0.1) 0.0 (0.1) 0.948%
mt score 0.0 (0.0) 0.0 (0.0) N/A
dmfs score 1.8 (4.2) 2.0 (4.4) 0.686°
ds score 1.8 (4.2) 2.0 (4.4) 0.712°
fs score 0.0 (0.1) 0.0 (0.3) 0.502°
ms score 0.0 (0.0) 0.0 (0.0) N/A

VPI, visible plaque index; NaFV, sodium fluoride varnish; GIS, glass ionomer sealant. Percentage of surfaces
with plaque present on the buccal and palatal/lingual surfaces of 6 index teeth (teeth 55, 51, 63, 71, 75, 83). N/A,
not applicable. Cannot be computed because the SD of both groups is zero. " p values derived from ¥ statistics.
¥p values derived from Fisher’s exact statistics. S p value derived from t-test for independent samples.

X? test was used to assess the difference between the 2 groups re-
garding the distribution of children’s demographic characteristics
such as gender and place of birth, oral health-related behavior, use
of fluoride toothpaste, snacking habit, parents’ education, and
family income. The outcome measure was the occurrence of new
dentinal caries. The ¥? test and multiple logistic regression were
employed for within-group comparisons of changes. Student’s ¢
test was used to differentiate the comparability between the study
groups according to the children’s baseline conditions, including
age, dmfs score, and VPI score.

Since more than 1 molar from a child was included, general-
ized estimating equations (GEEs) were used to account for the
correlation (clustering) between observations of multiple molars
from the same child [(*)]. The GLIMMIX procedure was used to
adjust for the clustering effect as observations from the same child
would not be independent [(*)]. The first and second levels were

Primary Molar Occlusal Caries: Sealant or
Varnish?

the primary second molar and the child, respectively. Negative
binomial regression using GEE was employed to analyze the con-
tribution of each factor to caries progression at 12 months and
hence constructed a prediction model for occlusal caries progres-
sion under the influence of the 2 preventive measures [(*)]. All
variables were regrouped and evaluated with GEE, in which the
most insignificant variable was removed one by one by a back-
ward stepwise procedure. The process was repeated until all re-
tained variables demonstrated a significant association with the
outcome (p < 0.05).

Dropout Rate at Follow-Up Examinations

At 6 months, a total of 288 children with 1,081 molars were
evaluated. Thirty-five recruited children with 78 molars could not
be assessed as they were absent (24 children; 30 molars), withdrew
from the study (10 children; 38 molars), or refused examination (1
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child; 4 molars). The remaining 6 molars were excluded as they
were restored. No significant difference was found between the
dropout rates of the 2 intervention groups (p = 0.805).

At 12 months, the dropout rates for the NaFV and GIS groups
were 13.6% and 13.0%, respectively (p = 0.870). Two hundred
eighty children with 989 molars were evaluated and analyzed. For-
ty-three children with 170 molars were excluded due to absence
(23 children; 77 molars), withdrawal (19 children and 74 molars),
uncooperativeness for the examination (1 child, 4 molars), and
existing fillings (15 molars). The flow of subjects over the 12-month
study period is shown in Figure 1.

Intra- and Inter-Examiner Reliability

All 3 examiners (P.L, D.S., and L.L) received training and had
been using the VPI, dmft, and ICDAS examination for over 1 year
in the same dental hospital. The kappa value for intra-examiner
reliability (PL) for the VPI, dmft, and ICDAS was 0.774, 0.964, and
0.834, respectively. During the follow-up reviews in similar out-
reach settings, the inter-examiner reliability for dmft and ICDAS
was 0.902 and 0.700 (P.L. and D. S), as well as 0.899 and 0.785 (P.L
and W.L), respectively.

Results

Demographic Background of the Children Assessed

and Those Lost to Follow-Up

No statistically significant difference in the rates of loss
to follow-up was found between the NaFV and GIS groups
at 12 months (p = 0.870). There were also no significant
differences in all the evaluated independent variables re-
garding demographic background, oral health behaviors,
and baseline clinical findings between the children lost to
follow-up and those followed up at 12 months (see online
suppl. material; for all online suppl. material, see www.
karger.com/doi/10.1159/000517390).

Demographic Background of Children

No statistically significant difference was found be-
tween the children in the 2 study groups with respect to
their demographic background, oral health behaviors,
and oral health parameters. Regarding the second prima-
ry molars included in the 2 groups, no significant differ-
ences were found in terms of caries severity in teeth 55,
65, and 75, but a higher proportion of molars with ICDAS
code 1 or 2 was identified in tooth 85 (p = 0.024) and
hence the overall primary second molars included (p =
0.003) in the GIS group (Tables 1, 2).

Occlusal Caries Progression at 6 and 12 Months

At 6 months, only 1.6% of all included molars
(17/1,081) had caries progressed into dentin (ICDAS
code 4 or higher). The proportion of included molars
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Table 2. Baseline ICDAS status of included primary second molars

NaFV group (N GIS group (N  p value
children = 154) children = 169)

% (n) % (n)
Tooth 55 n=145 n=141
ICDAS 0-1 86.9 (126) 87.2 (123)
ICDAS 2 4.1 (6) 6.4 (9) 0.520"
ICDAS 3 9.0 (13) 6.4 (9)
Tooth 65 n=144 n=143
ICDAS 0-1 91.7 (132) 86.7 (124)
ICDAS 2 3.5(5) 7.7 (11) 0.278%
ICDAS 3 4.9 (7) 5.6 (8)
Tooth 75 n=138 n=151
ICDAS 0-1 86.2 (119) 82.1 (124)
ICDAS 2 6.5(9) 11.3(17) 0.371%
ICDAS 3 7.2 (10) 6.6 (10)
Tooth 85 n =140 n=159
ICDAS 0-1 89.3 (125) 79.9 (127)
ICDAS 2 4.3 (6) 13.2 (21) 0.024* T
ICDAS 3 6.4 (9) 6.9 (11)
All included teeth n =567 n=592
ICDAS 0-1 88.5 (502) 84.0 (497)
ICDAS 2 4.6 (26) 9.8 (58) 0.003*%
ICDAS 3 6.9 (39) 6.3 (37)

ICDAS, International Caries Detection and Assessment
System; NaFV, sodium fluoride varnish; GIS, glass ionomer
sealant. T p-values derived from y? statistics. * p < 0.05. ** p < 0.01.

with caries progression into dentin in the NaFV and GIS
groups were 1.3% (7/524 molars) and 1.8% (10/557 mo-
lars), respectively (p = 0.549) (Table 3).

At 12 months, the overall prevalence of primary sec-
ond molars with occlusal caries into dentin was 7.9%. No
significant difference was found between the 2 study
groups (NaFV group, 7.8%, 37/475 molars; GIS group,
8.0%, 41/514 molars; p = 0.913) (Table 3).

Retention Rate of GIS at 6 and 12 Months

The overall retention rates of GIS at 6 months and 12
months were 24.6% (137/557) and 13.5% (70/514), re-
spectively. The retention rate at 6 months was the highest
for GIS placed on tooth 85 (29.7%), and the lowest was
found on tooth 65 (21.5%). At 12 months, the retention
rate was the highest for tooth 75 (17.3%) and the lowest
for tooth 55 (10.8%). However, the findings were not of
statistical significance at both time points (6 months: p =
0.144; 12 months: p = 0.156) (Table 4).

Negative Binomial Regression at 12 Months
Employing the GLIMMIX procedure to adjust for the
clustering effect, the regression analysis results showed
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Table 3. Six- and 12-month ICDAS status of included primary
second molars

NaFV group (N GIS group (N p value
children = 154) children = 169)
% (n) % (n)
6 months
Baseline ICDAS 0-1 n =463 n =468
>ICDAS 4 0.0 (0) 0.2 (1) 0.503*
ICDAS 0-3 100.0 (463) 99.8 (467)
Baseline ICDAS 2 n=25 n=>56
>ICDAS 4 8.0(2) 5.4 (3) 0.493*
ICDAS 0-3 92.0 (23) 94.6 (53)
Baseline ICDAS 3 n=36 n=233
>ICDAS 4 13.9 (5) 18.2 (6) 0.627F
ICDAS 0-3 86.1 (31) 81.8 (27)
All included teeth n=>524 n =557
>ICDAS 4 1.3 (7) 1.8 (10) 0.368"
ICDAS 0-3 98.7 (517) 98.2 (547)
12 months
Baseline ICDAS 0-1 n =420 n=431
>ICDAS 4 1.8 (15) 1.8 (15) 0.9437
ICDAS 0-3 96.4 (405) 96.5 (416)
Baseline ICDAS 2 n=23 n=>54
>ICDAS 4 22.1(6) 22.2(12) 0.714"
ICDAS 0-3 73.9 (17) 77.8 (42)
Baseline ICDAS 3 n=32 n=29
>ICDAS 4 50.0 (16) 46.7 (14) 0.8937
ICDAS 0-3 50.0 (522) 48.4 (15)
All included teeth n =475 n=>514
>ICDAS 4 7.8 (37) 8.0 (473) 0.913*
ICDAS 0-3 92.2 (438) 92.0 (41)

ICDAS, International Caries Detection and Assessment Sys-
tem; NaFV, sodium fluoride varnish; GIS, glass ionomer sealant.
Tp values derived from ¥ statistics. * p values derived from Fisher’s
exact statistics.

only baseline dmfs score and individual molar ICDAS
code (code 3) were associated with an increased likeli-
hood of caries progression to dentin. The other 7 demo-
graphic factors, 6 oral health-related habit factors, oral
hygiene (baseline VPI score), and study intervention all
had no statistically significant relationships with caries
progression to dentin (ICDAS code 4) at 12 months (Ta-
ble 5).

Discussion

To our knowledge, there is no published study that
compared the efficacy of GIS and NaFV on primary mo-
lars [(*)]. The present study is the first randomized con-
trolled trial with an adequate sample size that compared

Primary Molar Occlusal Caries: Sealant or
Varnish?

Table4. Six- and 12-month GIS retention rates of included primary
second molars

6 months 12 months
% (n) % (n)
Tooth 55
Baseline (n = 141) n=131 n=120
Dislodged 75.8(99)  89.2 (107)
Partially retained 20.5 (27) 10.0 (12)
Completely retained 3.8(5) 0.8 (1)
Tooth 65
Baseline (n = 143) n=135 n=123
Dislodged 79.3 (107)  86.1 (106)
Partially retained 14.1 (19) 13.0 (16)
Completely retained 6.7 (9) 0.8 (1)
Tooth 75
Baseline (n = 151) n=143 n=133
Dislodged 76.9 (110)  82.7 (110)
Partially retained 14.7 (21) 12.0 (16)
Completely retained 8.4 (12) 5.3(7)
Tooth 85
Baseline (n = 159) n=148 n=138
Dislodged 70.3 (104)  87.7 (121)
Partially retained 25.0 (37) 10.9 (15)
Completely retained 4.7 (7) 1.4 (2)
All included teeth
Baseline (n = 592) n=>557 n=>514
Dislodged 75.4 (420)  86.4 (446)
Partially retained 18.7 (104) 11.4(59)
Completely retained 5.9 (33) 2.1(11)

GIS, glass ionomer sealant.

these 2 interventions. Findings of this clinical trial suggest
no difference between NaFV and GIS regarding their ef-
fectiveness in preventing occlusal surface caries in pri-
mary second molars. Thus, the null hypothesis that there
is no difference between the placement of GIS and topical
application of 5% NaFV in the prevention of occlusal car-
ies in primary second molars among preschool children
cannot be rejected. The current findings coincide with
those identified among permanent molars, suggesting
similar occlusal caries preventive effects for NaFV and
GIS [()].

Multiple clinical trials have suggested the inferiority of
TFV in preventing occlusal caries in permanent molars
compared with RBS, but the low internal validity among
most trials has compromised the quality of evidence [(*)].
Related evidence among primary molars is even more
scarce, with only 2 trials suggesting potential merits of
combining RBS placement with TFV in occlusal caries
prevention compared with using TFV alone [(*); (*)],
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Table 5. Relationship between caries
progression to ICDAS code 4 and selected
independent variables at 12 months

Independent variable Estimate ~ SE p value Multiple
(estimate) comparison

Child demographic profile

Baseline dmfs score 1.11 0.04 0.005**
Baseline second molar occlusal ICDAS score

(1) ICDAS code 0-1 0.07 0.47 <0.001"™" (1)< (3)

(2) ICDAS code 2 0.26 0.52 (2) < (3)

(3) ICDAS code 3"

(Intercept) 0.112F

ICDAS, International Caries Detection and Assessment System; dmfs, decayed,
missing, and filled primary surface. " Reference category. ** p < 0.01. *** p < 0.001.

whereas no randomized controlled trials have compared
the efficacies of any sealants with TFV [(*)].

In the current study, the retention rate of GIS was only
13.5% at 12 months, which was lower than those reported
in other studies, around 20% among primary molars at 18
months [(*)], whereas among permanent molars, the re-
tention rate of GIS varied considerably from 1% to 84%
[(*)]. The difficulty in placing GIS in preschool children
with limited cooperation and placement in a compro-
mised outreach setting without rubber dam and suction
may have contributed to the relatively lower retention
rate. Different viscosities of GIS may also affect the seal-
ant performance, with high-viscosity GIS performed bet-
ter than low-viscosity GIS when placed with a finger-
pressed technique [(*); (*)]. A medium-viscosity GIS
(Fuji VII) was chosen in the current study to compare the
efficacies of GIS in general with NaFV. It would be im-
portant to have more investigations and comparisons be-
tween GIS with other viscosities and NaFV. Despite hav-
ing a lower retention rate than RBS in permanent teeth
[(*)], the caries prevention effect of GIS is not inferior
[(*)]. A proposed explanation for the caries-preventive
effect of GIS, despite its low retention rate comes from
laboratory study findings. In vitro studies have found
remnants of GIS being microscopically retained, despite
dislodgement of the main bulk of sealant material, which
can constantly release fluoride ions and contribute to car-
ies prevention [(*); (*)]. However, further validation of
whether microscopically retained GIS can provide a sus-
tained caries-protective effect is required.

Another possible reason for the lack of significant dif-
ference between GIS and NaFV in preventing caries in the
primary second molars in the present clinical trial is rela-
tively short (12 months) follow-up time, precluding a sig-
nificant difference to be detected over time. The inci-
dence of dentin caries found in the present study was only
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7.9% at 12 months. This result is not surprising as enam-
el caries lesions, on average, require 0.8 years to progress
to the outer half of dentin and a further 1.4 years to de-
velop into the inner half [(*)].

The regression analyses in the present study indicate
only baseline dmfs score, and an individual molar ICDAS
code had significant associations with the development of
dentinal caries at 12 months. These findings are consis-
tent with most caries prediction models for children and
adults found in the literature, in which baseline caries ex-
perience has been demonstrated as one of the most pow-
erful indicators of caries increment or future develop-
ment of new caries [(*)]. The primary second molars pre-
senting with localized enamel breakdown (ICDAS code
3) were also found more likely to develop dentin caries,
and neither GIS nor TFV was able to completely arrest the
process. In fact, GIS has been scarcely used in clinical
practice and reported to arrest fissure caries in the litera-
ture. This might be attributed to the lower retention rate
and increased microleakage of GIS as compared to RBS
[(*); (*)]. The latter being a different sealant material with
a higher retention rate [(*)] was more commonly used
and investigated for occlusal caries arrest [Griffin et al,,
2008; (*)]. A recent network meta-analysis found that the
combined use of RBS and TFV was the most effective
method to reverse noncavitated occlusal carious lesions
when compared with other nonrestorative regimens [(*)].
Probably, a combination of different noninvasive and mi-
croinvasive treatments would be better than using a single
intervention in the management of caries in primary mo-
lars.

In our study, socioeconomic factors and oral health hab-
its were not found to have significant associations with the
development of dentinal caries in primary second molars
with prevention measures implemented. These factors have
been reported as risk factors for future caries increment in
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a number of longitudinal studies [(*); (*)]. A caries predic-
tion model for Hong Kong preschool children suggested
that night nursing bottle habit, parental education attain-
ment, and snacking habit were all significantly associated
with higher caries incrementat 2 years [(*)]. However, these
factors were not found to be associated with caries incre-
ment in this clinical trial. The difference might be due to the
provision of preventive measures to all study participants
or simply due to different durations of follow-up.
Limitations of the present study include the difficulty
to achieve blinding of the outcome assessors due to the
obvious appearance of pink GIS, if present. However,
blinding was still possible in over 75% of the cases due to
the relatively high dislodgement rate at both the 6-month
and 12-month follow-ups. Also, further blinding was at-
tempted with the follow-ups being performed by a differ-
ent reviewer with no knowledge of the intervention allo-
cation. Blinding of both parents and children might not
be possible as the GIS could be easily identified. However,
the deviation from usual practice due to the different in-
terventions received was not likely, and hence not making
a substantial impact on the outcome. It is noted that there
may be a selection bias because a clinical examination was
only conducted among subjects with parental consent ob-
tained, whose parents might also be more motivated to-
ward improving their children’s oral health. Attrition bias
with respect to loss to follow-up does not post a major
concern to the present study as the proportions of subject
absence and withdrawal were similar across the 2 groups.
Also, since the dropout rate of the study participants was
only 13.3%, and with no significant difference found be-
tween the children lost to follow-up and those examined
at 12 months, the influence of attrition is likely to be mild.

Conclusion
Quarterly NaFV application and single GIS placement

showed similar effectiveness in the prevention of occlusal
caries development among preschool children. Only

baseline caries experience and the presence of incipient
enamel caries on occlusal surfaces were significantly as-
sociated with caries progression in primary second mo-
lars.
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