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Abstract
To investigate the efficacy of atraumatic restorative treat-
ment (ART) sealants vs. no sealant in preventing the devel-
opment of dentine caries lesions in first permanent molars 
over a period of 3 years. A total of 187 schoolchildren (aged 
6–8 years) from a low-income population presenting the 4 
first permanent molars without clinically detectable dentine 
caries lesions were selected to be part of a split-mouth clini-
cal trial. All 4 first permanent molars were investigated in this 
trial and the children’s mouth was split vertically into left and 
right sides; therefore, 2 molars were randomly allocated to 
receive ART sealants, while the other 2 molars remained  
nonsealed. All children received toothbrushing instructions 
and dietary advice every 6 months for a period of 3 years. 
Clinical evaluations were performed after 3, 6, 12, 18, 24, and 
36 months and both sealant retention and dental caries were 
scored. Kaplan-Meier survival analysis, log-rank test, and Cox 
regression with shared frailty analysis were performed. A 
cavitated dentine caries lesion was considered a failure. The 

cumulative survival rates of dentine cavity-free first perma-
nent molars were 90% for ART-sealed molars and 90.8% for 
nonsealed molars, with no statistically significantly differ-
ence between sealed and nonsealed molars (p = 0.70). The 
retention of sealants was not associated with the develop-
ment of cavitated dentine caries and children presenting a 
higher baseline caries experience had greater chances of de-
veloping dentine lesions. In conclusion, the application of 
ART sealants was not more efficacious than nonsealing in 
reducing the development of dentine cavitated lesions in 
first permanent molars. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

The permanent molars of children and adolescents are 
often affected by caries lesions, and the occlusal surfaces 
are particularly at risk [Mejàre et al., 1998]. The reason 
for this high susceptibility lies on the fact that dental car-
ies is a biofilm-dependent disease and, although this rela-
tionship between biofilm and dental caries has already 
been well established, discussions still exist regarding the 
structural composition of biofilms and their cariogenicity 
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[Carvalho et al., 2016]. In fact, it has been discussed that 
the presence of cariogenic microorganisms does not al-
ways lead to dental caries development and this disease 
actually occurs when a disequilibrium among the biofilm, 
the host, and the microenvironment happens [Colombo 
and Tanner, 2019]. For occlusal surfaces, it has been stat-
ed that the dental anatomy, as well as the position of per-
manent molars in the mouth, hinders effective tooth-
brushing by children, thereby facilitating plaque accumu-
lation [Carvalho et al., 1992] and, as a result of the 
disequilibrium of the factors already named, caries le-
sions can develop.

Toothbrushing is a self-care behavior essential for re-
moval of the biofilm and maintenance of oral health 
[Poklepovic et al., 2013] and it should be enough to keep 
individuals in a healthy condition. However, patients of-
ten experience difficulties achieving adequate biofilm 
control [Choo et al., 2001] and additional measures can 
be required to avoid the development of caries lesions. 
For instance, intensive educational care supplemented by 
professional cleaning and fluoride application during the 
eruption period of permanent molars has been demon-
strated to be an effective measure to conserve the integ-
rity of occlusal surfaces [Carvalho et al., 1992]. Also, it has 
been suggested that supervised toothbrushing combined 
with fluoride-containing toothpaste is capable of decreas-
ing the caries incidence in permanent molars [Jackson et 
al., 2005]; however, a recent systematic review concluded 
that the magnitude of the benefits resulted from super-
vised toothbrushing could not be measured and no con-
clusions about the effectiveness of this intervention could 
be drawn [Dos Santos et al., 2018].

Another caries-preventive measure is the use of pit 
and fissure sealants. These sealants were developed to be 
applied on the occlusal surface of caries-prone teeth, 
preventing plaque stagnation on those areas [Ahovuo-
Saloranta et al., 2017]. Actually, the use of sealants is an 
effective approach in preventing dental caries and, when 
it comes to the type of sealant, although the retention 
rate of resin-based sealants has been reported to be high-
er than that of glass ionomer cement (GIC)-based seal-
ants, the caries preventive effect of both materials have 
been reported to be similar [Mickenautsch and Yengo-
pal, 2016]. In fact, 2 systematic reviews showed that GIC 
sealants applied following the atraumatic restorative 
treatment (ART) approach can be effective in prevent-
ing caries lesions development, and it can be used as a 
preventive measure as well as in the treatment of incipi-
ent lesions [van’t Hof et al., 2006; de Amorim et al., 
2012]. 

When it comes to a direct comparison between ART 
sealants and toothbrushing, an investigation showed that 
children that received ART sealants on the permanent 
molars presented a lower caries increment compared to 
those who followed a school-based toothbrushing pro-
gram or those who received no intervention; however this 
research presents some methodological limitations that 
unfortunately lower the level of evidence of the findings 
and the results should be interpreted with caution [Monse 
et al., 2012]. Recently, Hilgert et al. [2015] investigated the 
caries-preventive effect of daily supervised toothbrushing 
at schools compared to resin-based and ART sealants on 
permanent molars. In that study, a surface-level risk as-
sessment to determine the caries risk of erupted first per-
manent molars was performed. Occlusal surfaces pre-
senting ICDAS codes 2 and 3 or a combination of ICDAS 
code 1 and medium or deep fissures were considered 
high-caries-risk surfaces, while those presenting ICDAS 
codes 0 or 1 and shallow fissures were considered low-
caries-risk surfaces. In this way, an accurate comparison 
between treatments for surfaces presenting a high or low 
caries risk was allowed, instead of the child-level caries 
risk assessment. Additionally, the surface-level risk as-
sessment grouped the same stages of caries lesion devel-
opment at baseline, avoiding comparison of surfaces that 
at the beginning had no signs of a caries lesion with those 
that already presented an initial caries lesion, a situation 
that is often seen in this type of study. The high-caries-
risk occlusal surfaces were allocated to receive either dai-
ly supervised toothbrushing or resin-based or ART seal-
ants, while the low-risk surfaces were allocated to receiv-
ing daily supervised toothbrushing or no intervention. 
The results showed that approximately 90% of the first 
permanent molars did not develop caries lesions in den-
tine after 3 years of evaluation, and no statistically sig-
nificant difference was found between the 3 groups for 
high-caries-risk occlusal surfaces and, as may be expected 
for low-risk surfaces, no effect of the intervention was ob-
served. After that, Goldman et al. [2017] published the 
results of the economic analysis of these 3 strategies and 
they found that the costs involved in daily supervised 
toothbrushing was at least 2.5 times higher than those of 
sealant application, which could impair the implementa-
tion of this daily based preventive program, especially in 
socioeconomically deprived populations. 

Although it has been discussed that the application of 
pit and fissure sealants should be linked to an individual 
and detailed caries risk assessment, including parameters 
such as caries experience, caries activity, and the tooth’s 
erupting stage and anatomy [Splieth et al., 2010], sealants 
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are still used indiscriminately as the main tool for preven-
tion and management of occlusal caries lesions in popula-
tions or areas with a low socioeconomic status [Griffin et 
al., 2016]. In this way, we aimed to investigate whether the 
application of an ART sealant is more effective in pre-
venting cavitated dentine caries lesions compared to non-
sealing in first permanent molars of schoolchildren from 
a low socioeconomic area. As part of study focused on the 
longevity of ART sealants applied on first permanent mo-
lars [Hesse et al., 2015], teeth were also evaluated regard-
ing the development of cavitated dentine caries lesions. 
The current article comprises an analysis regarding the 
efficacy of ART sealants in preventing cavitated dentine 
caries lesions compared to nonsealed first permanent 
molars over a 3-years period. 

Materials and Methods

Sampling Procedure and Study Design
This study is a split-mouth clinical trial that was carried out 

between March 2010 and June 2013, and it was reported following 
the CONSORT guidelines for reporting within person randomized 
trials [Pandis et al., 2017]. Children were treated and evaluated in 
26 public schools of Barueri, a city located in Brazil’s southeast re-
gion whose water system is artificially fluoridated (0.7 mg/L). The 
sample size calculation considered the primary outcome to be the 
“retention rate of 2 different high viscous ART sealants” and the 
1-year results were published elsewhere [Hesse et al., 2015]. For 
sample size estimation, a two-tailed test was used based on the 
3-year retention rate of ART sealants (72%) [de Amorim et al., 
2012]. A minimally important difference of 20% in success rates 
between the 2 GICs was assumed, and an α of 5% and a power of 
80% were considered. After an increase of 20% to compensate pos-
sible losses to follow-up, a final sample size of 162 children was 
required.

This study was approved by the Local Research Ethics Commit-
tee (protocol 190/08; School of Dentistry, University of São Paulo, 
Brazil). Parents and/or legal guardians were informed about the 
investigation and treatments and written consent was obtained. 
Initially, 2,000 schoolchildren aged 6–8 years were screened. A to-
tal of 187 children who fulfilled the inclusion criteria were includ-
ed in the research. The inclusion criteria were: (1) children with 
cooperative behavior and in good physical and medical health; (2) 
children who presented a signed consent form; (3) the presence of 
4 first permanent molars without gingival tissue covering the oc-
clusal surface; and (4) 4 first permanent molars without clinically 
detectable cavitated enamel or dentine caries lesions, evaluated us-
ing ICDAS criteria (scores 0, 1, and 2) [Ismail et al., 2007].

This study is registered at ClinicalTrials.gov (Atraumatic Re-
storative Treatment Sealants in First Permanent Molars; 
NCT03667768). 

Implementation
Four final-year undergraduate dental students previously 

trained and calibrated in the ICDAS criteria [Ismail et al., 2007] for 
the assessment of caries, and in the Nyvad criteria [Nyvad et al., 

1999] for the assessment of lesion activity, were responsible for the 
children’s baseline evaluation. The training process comprised 4 h 
of specific training, and calibration sessions with a “benchmark 
examiner,” using clinical slides. Afterward, hands-on training 
comprised of evaluation of 30 molars was carried out. The κ coef-
ficient values ranged from 0.85 to 0.94 and from 0.70 to 0.90 for 
inter- and intra-examiner consistency tests, respectively. 

The operators were also trained in how to apply ART sealants 
[Frencken et al., 1996] by clinicians experienced in this treatment 
modality as well as in clinical trials. First a lecture about ART was 
given. After that, the undergraduate students participated in a 
hands-on laboratory-based workshop for handling and applica-
tion of the GICs used in this trial, as well as for the application of 
ART sealants in extracted molars. A try-out week with children 
was included for familiarization of operators with the local condi-
tions, caries lesions detection, and sealant application. During this 
week, 30 children who were not included in the final sample were 
treated. The operators were divided into 2 pairs and were assisted 
by each other. All sealants were applied on school premises with-
out the use a dental chair or other facilities from a dental office. A 
headlight was used to aid the detection of lesions and the applica-
tion of sealants. Also, gauze, cotton wool rolls, and a manual sy-
ringe were used to dry the teeth for caries detection.

Intervention
In this research, no individual caries risk assessment was car-

ried out; however, the included children belonged to a low-income 
population with limited access to health care. Thus, we assumed 
that those children could be considered at high-caries-risk for de-
velopment of caries. All 4 first permanent molars of the selected 
children were included in this investigation. The children’s mouth 
was split vertically into left and right sides, and 2 molars were ran-
domly allocated to receive ART sealants with either one (Fuji IX; 
GC Europe, Leuven, Belgium) or another brand of GIC (Maxxion; 
FGM, Joinvile, Brazil), and the other 2 molars remained nonsealed. 
The randomization procedure was done with the aid of 2 comput-
er-generated random lists. The first one was used to assign the side 
of the mouth to be treated, while the second one was used to assign 
the children to the GIC brands used in this study. Four indepen-
dent dentists who work in the municipality were invited to carry 
out the randomization and were responsible for participant alloca-
tion.

In this trial, only hand-mixed GICs were used and the materials 
were prepared according to the manufacturer’s instructions (pow-
der/liquid ratio of 1: 1). The sealants were applied following the 
steps proposed by Frencken et al. [1996]. First, the occlusal surface 
was cleaned with a toothbrush and wet cotton wool pellets. Isola-
tion was obtained with cotton wool rolls and the occlusal surface 
was conditioned with GIC liquid (polyacrylic acid) for 20 s, rinsed 
with 3 sequences of wet cotton wool pellets, and dried with 3 se-
quences of dry cotton wool pellets. The GIC was placed on the oc-
clusal surface and pressed into the pits and fissures using the press-
finger technique [Frencken et al., 1996]. After the first setting of 
the GIC, the excess of material was removed and the occlusion 
checked and adjusted. Finally, the sealant was protected with a new 
layer of petroleum jelly and the children were instructed not to eat 
for at least 1 h. 

Additionally, the schools from the municipality where the 
treatments were performed were included in an oral health pro-
gram; therefore, all children included in this research received 
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brushing instructions and dietary advice every 6 months. A mouth 
hygienist from the municipality was responsible for all orientation. 
Children were instructed to brush their teeth 3 times a day using a 
conventional toothbrush, according to the horizontal technique 
[Muller-Bolla and Courson, 2013], and 1,000-ppm fluoridated 
dentifrice. 

Evaluation
The follow-up was carried 3, 6, 12, 18, 24, and 36 months after 

treatments by one independent trained and calibrated examiner 
specialist in pediatric dentistry. For the assessment of caries le-
sions, the examiner was trained according to ICDAS [Ismail et al., 
2007] and Nyvad criteria [Nyvad et al., 1999] and followed the 
same training given to the operators of this study. The examiner 
was also trained according to the following criteria for sealant re-
tention: 0, fully retained sealant; 1, partially retained sealant; and 
2, sealant absent [Oba et al., 2009]. This training consisted of 4 h 
of specific training and calibration with a “benchmark examiner” 
using clinical slides, followed by hands-on training that included 
the evaluation of 20 children who had ART sealants. For the cali-
bration exercises regarding both caries and sealant retention, a to-
tal of 65 participants (15% of the sample) were evaluated and re-
evaluated within a 1-week interval. The examiner was blinded to 
the material used and the baseline caries status of participants. The 
interexaminer κ coefficient for the caries lesions assessment was 
0.89, while the intraexaminer κ coefficient was 0.94. For the assess-
ment of sealant retention, κ values of 0.97 and 0.98 were obtained 
for inter- and intraexaminer reproducibility. 

Evaluations were also performed on school premises with the 
aid of a dental probe and mirror. A portable headlight and a man-
ual syringe were used for illumination and for drying tooth sur-
faces.

Statistical Analysis
Statistical analysis was carried out using Stata 11.2 software 

(StataCorp; USA). All significant differences were detected at a 
95% confidence level. 

In this research, the tooth was considered an experimental unit 
and the dependent variable was the survival rate of dentine cavity-
free first permanent molars. ICDAS [Ismail et al., 2007] codes 0–4 
indicated success, and codes 5 and 6 were considered failures. Ka-
plan-Meier survival analysis was performed to estimate cumula-
tive survival rates and a log-rank test was used to test for differ-
ences in survival rates of dentine cavity-free first permanent mo-
lars. The influence of independent variables, such as treatment 
group (ART sealed/nonsealed molars), jaw (upper/lower), mouth 
side (right/left), age at treatment (6, 7, or 8 years old), and caries 
experience (baseline DMFT/dmft), was evaluated using Cox re-
gression with shared frailty analysis. Additionally, a χ2 test was 
used to verify the retention of partially and fully retained sealants 
between the 2 GIC brands used in this study. All of the children 
who attended at least one of the follow-up evaluations were in-
cluded in the analyses.

Results

All 187 children enrolled into the main investigation 
were also included in this analysis. The demographic 
baseline data of the participants is described in Table 1.

The percentage of patients who were lost to follow-up 
after 3 years was 18%. A CONSORT flow diagram of the 
participants’ progress through the trial phases is depicted 
in Figure 1.

From the 748 permanent molars included in this re-
search, a total of 63 (8.4%) developed a cavitated dentine 
caries lesion during the 3-year period of follow-up. Log.
rank analysis showed no statistical difference between the 
first permanent molars that received ART sealants or re-
mained nonsealed for the outcome cavitated dentine car-
ies lesions development (Fig. 2; p = 0.70). Table 2 depicts 
information regarding the 3-year evaluation of the first 
permanent molars included in this research according to 
the baseline status of those molars (caries-free occlusal 
surfaces that were sealed or remained nonsealed and sur-
faces presenting an enamel lesion at baseline that were 
sealed or remained nonsealed). The log-rank test was ap-
plied to test the hypothesis that surfaces presenting an 
enamel lesion at baseline would benefit from the applica-
tion of sealants; however, no difference was found be-
tween the groups (p = 0.87).

Cox regression with a shared frailty analysis showed 
that the baseline caries experience was associated with the 
development of a cavitated dentine caries lesion, indicat-
ing that for every 1-unit increase in the baseline DMFT/
dmft there is a 19% greater chance of caries lesion devel-

Table 1. Baseline demographics of the participants

Characteristic Value

Age, years 7±0.7
Sex

Male 96 (51)
Female 91 (49)

Side that received sealants
Right 93 (50)
Left 94 (50)

Age at intervention (years)
6 53 (28)
7 50 (27)
8 84 (45)

Caries experience
Baseline DMFT/dmft 4.08±3.09

Operator
1 16 (8)
2 15 (8)
3 82 (44)
4 74 (40)

Values are presented as means ± SD or numbers (%).
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opment in a first permanent molar for both ART-sealed 
and nonsealed molars (Table 3).

The overall retention of partially and fully retained 
sealants was 36.7% after a 3-year follow-up. One GIC 
brand presented a higher retention of partially and fully 
retained sealants (Fuji IX: 45.4% vs. Maxxion R: 25.4%;  
p < 0.001); however, neither the GIC brand (log-rank; p = 
0.18) nor sealant retention had an effect on the cumula-
tive survival rates of dentine cavity-free first permanent 
molars (log-rank; p = 0.17). 

Discussion

Main Findings
The results of our study showed that there was no dif-

ference between molars that received an ART sealant 
compared to those that remained nonsealed with regards 
to the development of dentine caries lesions. In addition, 

Lost to follow-up
0 teeth at 3 months
18 teeth at 6 months
6 teeth at 12 months
14 teeth at 18 months
12 teeth at 24 months
18 teeth at 36 months 

Analyzed (n = 374 teeth)
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Not meeting inclusion criteria (n = 1,813)
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no statistically significant difference was found between 
those surfaces that were sound or presented an enamel 
caries lesion at baseline for both ART sealed and  
nonsealed groups (p = 0.87). This fact reinforces the need 
to discuss the real indication of pit and fissure sealants 
[Splieth et al., 2010; Hilgert et al., 2015]. In 2010, Splieth 
et al. [2010] stated that pit and fissure sealants should be 
indicated based on an individual caries-risk assessment, 

surface-specific parameters, caries activity, and patient 
compliance. Furthermore, sealants applied as preventive 
measures should be seen as an exception indicated only 
for patients with a high caries risk and with limited access 
to health care. In our study, an individual assessment of 
the caries risk was not performed; but the children in-
cluded in this trial belonged to a low-income population, 
presented a high caries experience (mean DMFT/dmft = 
4.08) and had limited access to health care, factors that 
have driven the indication of sealants as a main tool for 
the prevention and management of occlusal caries lesions 
[Griffin et al., 2016; Wright et al., 2016]. In this way, we 
hope that the results of our investigation might increase 
the awareness to the fact that the application of an ART 
sealant should not be considered as an isolated preventive 
or therapeutic measure but it should actually be applied 
as part of the so-called basic package of oral care, which 
considers ART sealants as part of preventive measures, 
combined with instructions for oral hygiene, the use of 
fluoride, and information regarding dietary patterns 
[Frencken et al., 2002].

The extent to which the application of sealants can 
benefit patients in terms of economic implications has 
been subject of debate. A systematic review of the litera-
ture concluded that the cost-effectiveness of sealants ap-
plication depends on the conditions of delivery [Akin-
lotan et al., 2018]. This review included a study that 
demonstrated that a school-based dental sealant pro-
gram was a more cost-effective approach than no seal-
ants in preventing decay [Zabos et al., 2002]; however, 
concerns have been raised regarding the treatment ef-
fect, since the analysis was not corrected for discrepan-

Table 2. Cavitated dentine caries-free occlusal surfaces in the first permanent molars over the 3-year evaluation

No sealant, caries-free 
at baseline (nbaseline = 275)

No sealant, caries in enamel 
at baseline (nbaseline = 99)

ART sealants, caries-free at 
baseline (nbaseline = 267)

ART sealants, caries in enamel 
at baseline (nbaseline = 107)

n (%) SE n (%) SE n (%) SE n (%) SE

Interval, months
3 0 (0) – 0 (0) – 0 (0) – 0 (0) –
6 1 (99.6) 0.4 2 (97.9) 1.4 1 (99.6) 0.4 1 (99.1) 0.9

12 6 (97.8) 0.9 2 (97.9) 1.4 5 (98.1) 0.8 2 (98.0) 1.3
18 8 (97.0) 1.0 2 (97.9) 1.4 8 (96.9) 1.0 4 (95.9) 2.0
24 10 (96.2) 1.2 2 (97.9) 1.4 13 (94.8) 1.4 4 (95.9) 2.0
36 24 (90.1) 1.9 6 (92.7) 2.9 25 (89.6) 1.9 8 (91.0) 3.0

Cumulative percentage survival rates of dentine caries-free occlusal surfaces and SE are shown. nbaseline = number of occlusal surfaces 
at baseline; n = number of occlusal surfaces that developed cavitated dentine caries lesions.

Table 3. Cox regression with shared frailty analysis of cavitated 
dentine first permanent molars and associated factors for ART-
sealed and nonsealed molars

HR (95% CI) p value

Groups
(ref.: ART sealant)
Nonsealed molars 0.90 (0.55–1.49) 0.70

Jaw
(ref.: upper)
lower 0.85 (0.51–1.39) 0.52

Mouth side
(ref.: right)
left 0.85 (0.41–1.65) 0.60

Age at intervention
(ref.: 6 years)
7 years 0.79 (0.34–1.80) 0.57
8 years 0.97 (0.48–1.97) 0.94

Caries experience 
(baseline DMFT/dmft) 1.19 (1.06–1.33) 0.002*

ref., reference. * Statistical significance. 
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cies in caries prevalence among intervention and con-
trol groups. Likewise, Griffin et al. [2002] investigated 
the cost-effectiveness of 3 sealant strategies of first per-
manent molars (sealants application based on caries 
risk, sealing all molars or leaving molars unsealed). The 
results showed that sealing all molars was more cost-
effective in preventing caries development than the oth-
er 2 strategies; however, when considering costs and ef-
fectiveness components separately, the sealant applica-
tion based on caries risk was the least costly and averted 
more cavitation compared to leaving all molars un-
sealed. In our study, we did not carry out an economic 
analysis; nevertheless, since no difference was found in 
the development of dentine caries lesions, we wonder 
whether the application of an ART sealant would result 
in a cost-effective strategy when applied as the main toll 
for caries prevention. 

It is important to highlight that 8.4% of the first per-
manent molars included in our research developed a cav-
itated dentine caries lesion within the 3 years of follow-
up; therefore, it is clear that the preventive program of-
fered to those children, which consists of toothbrushing 
instructions and dietary counselling given once every 6 
months, was somehow not enough to improve the oral 
health habits to an extent that those children could have 
been transferred to a healthy status. One can advocate 
that a daily supervised toothbrush strategy could be seen 
as the ideal scenario for preventing caries lesions develop-
ment in high-caries-risk children or occlusal surfaces; 
however, the high costs related to the salary of personnel 
[Goldman et al., 2017] can jeopardize the implementa-
tion of this type of preventive program. Also, it can be 
discussed whether the benefits and costs of a daily super-
vised toothbrushing program can be directly compared 
with those of a sealant application due to the different 
nature of both approaches. On the top of that, some con-
cerns remain with regards to the magnitude of the effec-
tiveness of supervised toothbrushing [Dos Santos et al., 
2018]. Therefore, it is clear that it is necessary to investi-
gate the best recall interval when using this strategy and, 
more importantly, to intensify the implementation of in-
dividualized dental care based not only on the caries ex-
perience and status but also on the oral hygiene and com-
pliance of parents, since it seems that the benefits of indi-
vidualized dental care programs compensate any 
additional costs that may be accounted into such strate-
gies [Vermaire et al., 2014].

Interestingly, our results showed an association be-
tween the caries experience and the development of cavi-
tated dentine lesions in permanent molars, with partici-

pants presenting around 20% greater chance of develop-
ing a cavitated dentine lesion in a first permanent molar 
for every 1-unit increase in the baseline DMFT/dmft. Cu-
riously, a similar trend was observed by Heyduck et al. 
[2006], who stated that sealants seem to be an appropri-
ated preventive measure in low- or moderate-caries-risk 
individuals. According to the authors, high-caries-risk 
individuals do not benefit when pit and fissure sealants 
are applied as the main caries-preventive measure. Still 
according to the authors, those individuals should be en-
rolled in an intensive preventive program next to the seal-
ant application. 

Further, we noticed that the preventive effect of GIC 
sealants was not associated with retention of the material. 
In fact, one systematic review showed that retention of 
sealants cannot be considered a valid predictor to caries 
progression outcome in permanent molars [Micke-
nautsch and Yengopal, 2013]. So, the simple fact that the 
sealants did not present a high retention rate cannot be 
seen as a contraindication for the use of this caries-pre-
ventive approach.

Study Design 
The split-mouth design of this study enabled the com-

parison of ART sealants and nonsealed molars in the 
same individual. Therefore, the exact same conditions re-
lated to the caries risk and habits of participants were 
present for both ART-sealed and nonsealed molars. As a 
result, the error variance of the study is reduced and an 
increased statistical power is achieved [Hujoel and De-
Rouen, 1992]. The cross-over effect among the 2 groups 
could be seen as a disadvantage inherent to this study de-
sign, as it is known that the GIC can release and even re-
charge from external sources of fluoride [Wiegand et al., 
2007]. Although this characteristic is claimed to be ben-
eficial in arresting caries lesions around restorations 
[Raggio et al., 2016] and preventing cavitated lesion de-
velopment on the surface where the GIC is applied [de 
Amorim et al., 2012; Hilgert et al., 2015], a recent system-
atic review showed that GIC do not promote the arrest-
ment of caries lesions on adjacent surfaces of restored 
teeth [Tedesco et al., 2016]. Consequently, a cross-over 
effect on the contralateral molars due to the fluoride re-
lease from ART sealants is not expected in our study. 

Blinding of operators was not possible in this study. 
The children and caregivers, as well as the evaluator, were 
blinded to the commercial brand of the GIC; however, 
blinding to ART sealed and nonsealed molars was not 
possible. During the later follow-ups, a considerable 
number of sealants could not be clinically detected, so we 
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could consider the evaluator as reasonably blind. Addi-
tionally, a small drop-out rate (18%) was observed. Hence, 
we believe that a relevant validity was achieved in this 
study. Another limitation to be discussed is the fact that 
exams were carried out in field conditions and no profes-
sional plaque removal was performed prior clinical ex-
amination; therefore, it is arguable whether some initial 
lesions in enamel or underlying dark shadow in dentine 
(ICDAS 1–4) were overlooked. So, in order to avoid over-
estimation of the results, the cut-off point of failure of the 
present investigation was set on the development of cavi-
tated dentine caries lesions (ICDAS 5 and 6), which can 
be considered a more robust outcome, and enables com-
parison with other investigations of a similar nature [Hil-
gert et al., 2015].

The schoolchildren participated in an oral health pro-
gram provided by the municipality, which comprised 
toothbrushing instructions including the recommenda-
tion of using fluoride toothpaste and dietary advice every 
6 months, which could be seen as a nonideal situation as 
the entire family should be educated towards oral health 
[Castilho et al., 2013]. The parents were invited to par-
ticipate in a health educational program; however, the 
vast majority of them declined to participate. In addition, 
the children were taught to brush their teeth using a con-
ventional toothbrush with horizontal scrubbing, which 
can be seen as a nonsatisfactory technique for plaque re-
moval of occlusal surfaces of permanent molars [Frazão, 
2011]. These factors could be seen as limitations of our 
study; however this scenario is still the reality faced by 
many populations and in fact more effort still needs to be 
employed in the development of oral health programs 
that include the entire family and employ brushing tech-
niques that can be more effective in plaque removal, help-
ing parents to achieve and maintain the oral health of 
their children [Castilho et al., 2013]. 

In conclusion, the results of the present study show 
that the application of ART sealants was not more effec-
tive in reducing dentine caries lesion development in first 
permanent molars compared to nonsealed molars. 
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