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Abstract: Background and Objective: Sealant application is a proven method to prevent occlusal caries;
however, long-term studies on this topic are scarce. This study aimed to assess the survival rate
and clinical effectiveness of glass ionomer cement (GIC) and resin-based sealants (RBSs) on second
permanent molars over a long-term follow-up period. Materials and methods: Sixteen patients aged
11–13 years with all four completely erupted permanent second molars were enrolled in the study.
All patients attended 1-year and 3-year follow-ups; however, one participant did not respond after
10 years and was excluded from the final analyses. The oral health status evaluation was based on
WHO criteria. A total of 32 teeth received an RBS (Clinpro), and a further 32 teeth were sealed with
GIC (Fuji IX). The sealant retention was determined according to the Kilpatrick criteria after 1 year,
3 years, and 10 years, respectively. Statistical analysis included a chi-square test, the Kaplan–Meier
method, and the Cox proportional hazard model. Results: At baseline, seven boys and eight girls
participated in the study, with a mean age of 12.3 ± 0.9 years. The 1-year follow-up results revealed
that 90% of the RBSs and 43.3% of the GIC sealants were completely retained, and no caries lesions
were recorded (p = 0.01). The 3-year follow-up results showed that 23.3% of the RBSs and 0% of the
GIC sealants demonstrated complete retention (p = 0.034). Moreover, 10.0% of the occlusal surfaces in
the RBS group and 13.3% of the occlusal surfaces in the GIC group were filled (p > 0.05). A total of
6.7% of the RBSs showed complete retention. One-third of the sealed teeth (30.0% of the teeth sealed
with RBSs and 36.7% of teeth applied with GIC) were filled after 10 years. The Kaplan–Meier analysis
demonstrated a higher survival rate in the RBS group when compared with the GIC over the entire
follow-up period (p = 0.001). Conclusions: Although the survival rate of RBSs was higher than GIC
sealants, their effectiveness in preventing fissure caries in permanent second molars did not differ
significantly over a 10-year follow-up.

Keywords: caries prevention; resin-based sealant; glass ionomer sealant; fissure sealant; sealant re-
tention

1. Introduction

Dental caries prevails as a chronic non-communicable disease in both children and
adults, and it also remains the most relevant global oral health burden worldwide [1,2].

Caries prevention remains a challenge due to the high prevalence of disease in recently
erupted teeth [3]. Early sealant application after permanent molar eruption allows one to
achieve a higher effectiveness in caries prevention [4]. Handelman was the pioneer in terms
of analyzing the role of sealant application over incipient dental caries lesions [5]. Studies
have shown that teeth to which sealants have been applied may require less extensive
dental treatment than teeth without sealants. Furthermore, patients with sealed teeth need
less frequent restorative treatment in the future [6]. A systematic review revealed that the
application of dental sealants may reduce caries development in permanent posterior teeth
from 40% to 6% during a 2-year period [7].
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The main indication for dental sealant application is recently erupted permanent
teeth with deep pits and fissures [8]. The occlusal surfaces of molars tend to accumulate
dental plaque because of pits and fissures, and these may play a role in the inefficient
management of occlusal caries [9,10]. Thus, dental sealants are defined as an effective
preventive procedure due to serving as a micromechanically bonded protective layer [9–11].
Pit and fissure sealants are applied not only for prevention but also for the management of
incipient non-cavitated occlusal caries lesions.

The term “pit and fissure sealant” describes a chemically active liquid material that is
applied to the occlusal pits and fissures of caries-susceptible teeth. Moreover, it is cured
chemically or via light [6]. Pit and fissure sealants were introduced by Buonocore, who
presented the acid etching technique and application procedure of pits and fissures to
prevent caries in 1955 [12]. Glass ionomer cement (GIC) as a pit and fissure sealant was
introduced by McLean and Wilson in 1974 [13].

When considering the chemical composition, there are two main categories of material,
including resin-based sealants (RBSs) and glass ionomer cement (GIC). The most common
subgroups of sealants, such as polyacid-modified resin sealants, resin-based sealants,
resin-modified glass-ionomer sealants, and glass-ionomer sealants, have been evaluated in
various studies [14]. Even flowable composites can be used as dental sealants [15]. However,
resin-based sealants are defined as the gold standard [16]. A meta-analysis by Lam et al.,
2021 proved that RBS application on permanent molars correlates with a reduction in
occlusal caries development and with the arrest of caries lesion progression [17]. However,
a significant disadvantage of resin-based sealants is their sensitivity to moisture during
application procedures [10].

Glass ionomer cement as a dental sealant possesses certain advantages. Glass ionomer
cement is a moisture-friendly dental material, and it is capable of releasing fluoride [10,18].
The technique of GIC application is easier to perform when compared to the application of
resin-based sealants [19]. GIC enables one to ensure a potential preventive effect of fluoride
release even after a high loss of sealed material [19,20]. Thus, this material is an option for
partially erupted teeth [19,20]. In considering microleakages, certain brands, such as Fuji
IX, are preferred over other GIC sealants [21]. The main drawback of GIC is its relatively
poor retention [16,20]. However, it is acceptable to use GIC as a sealant in caries prevention
programs [22].

The retention rate of sealants on tooth surfaces is the main indicator of their suc-
cess [23].

The complete retention of pit and fissure sealants ensures optimal protection [16].
Meanwhile, the sites of dental plaque retention that are caused by the partial loss of sealant
may initiate caries development [24]. Early pit and fissure sealant loss is related to salivary
contamination during application procedures [25], and it is also dependent on the type
of sealant material used [26]. Long-lasting caries prevention is aided by regular dental
appointments and the resealing of susceptible tooth surfaces if the previously applied
material is deficient [11,27].

Dental sealant is an integrated component of various prevention programs, such
as non-operative caries treatment programs (e.g., the Nexö method) [28–30]. Subse-
quently, DMF-S was significantly reduced in the communities that implemented these pro-
grams [29,30]. In Lithuania, only 23.61% of schoolchildren have caries-free dentition [31].
The prevalence of caries in permanent molars was 41% among 5- to 6-year-olds [32] and
64.0% among 12-year-old school children in Lithuania [33]. The prevalence of dental
caries among 12-year-olds has remained high (88.4% in 1983, 85.5% in 2005, and 70.6% in
2009) over the decades [33,34]. The mean DMF-T score was found to be high (7.9) among
12-year-old Lithuanian children [35]. This situation indicates a high (dental) treatment
need, especially non-operative treatments, to control and reduce caries development in
Lithuania [32,35].

The sealing of caries-free teeth or enamel-incipient lesions is recommended for patients
who are at risk [25,29]. A national program of pit and fissure sealants was initiated in 2004
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in Lithuania [36]. The target group for sealant application is children aged 5–13 years with
recently erupted permanent molars. Saldūnaitė et al. found that 12-year-old Lithuanian
children who had up to two teeth had pit and fissure sealants applied [33].

In considering the effectiveness of occlusal caries prevention, numerous studies have
not defined the significant differences between resin-based sealants and glass ionomer
cement ones [9].

This study aimed to assess the survival rate and clinical effectiveness of glass ionomer
cement (GIC) and resin-based sealants (RBSs) on second permanent molars over a long-term
follow-up period.

2. Materials and Methods

We conducted this clinical study of sealant retention in permanent second molars at
the Clinic of Preventive and Pediatric Dentistry of the Lithuanian University of Health
Sciences (LSMU) (Kaunas, Lithuania) during 2004–2016. The study was conducted in
line with the principles of the Declaration of Helsinki. The Kaunas Regional Biomedical
Research Ethics Committee approved the study protocol (no. 100/2003). The parents of the
participants provided their written informed consent for the patients to participate in the
study.

2.1. Participants

The study targeted patients aged 11–13 years who were attending the Clinic of Pre-
ventive and Pediatric Dentistry, LSMU in Kaunas, Lithuania. A total of 16 patients with all
four fully erupted permanent second molars were enrolled in the study. The enrollment of
participants was carried out from March 2004 until November 2005. Sealant application
was performed between April 2004 and December 2005.

All patients attended 1-year and 3-year follow-ups, but one participant did not respond
after 10 years and was thus excluded from the final analyses (Figure 1).
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2.1.1. Inclusion Criteria

The patient inclusion criteria were the following: 11–13-year-old patients without any
known systemic diseases.

The teeth-related inclusion criteria were the following: maxillary and mandibular
second permanent molars have completely erupted with sound and intact pits and fissures.

2.1.2. Exclusion Criteria

The patient exclusion criteria were the following: uncooperative patients and patients
with mental and/or physical disorders.

The teeth-related exclusion criteria were the following: partially erupted second
permanent molars, second permanent molars with proximal caries, and enamel with
developmental defects, restorations, or sealants.

2.2. Sample Size Calculation

The sample size for the study was calculated using Power Analysis (G-power soft-
ware™ (Release 3.0) Heinrich Heine University, Düsseldorf, Germany, for Windows). The
sample size calculation provided a value of 16 participants (32 teeth per group) with a
confidence level of 95% and a type I error (alpha) of 5% when a difference of 43.5% between
the complete retention rates of the tested RBS and GIC was assumed at 12 months. A power
of 98% indicated that the sample size of 16 participants (32 teeth per group) was sufficient.

2.3. Intervention

Prior to the sealant application, clinical examinations were performed and bitewing
radiographs were taken to ensure that no caries lesions were present.

The oral health status evaluation was based on WHO criteria [37] under standardized
conditions with a plane dental mirror and periodontal (CPI) probe in a dental clinic setting.
During follow-ups, oral examinations were performed using the same criteria as the
baseline visit. After a dental examination, the scores of the decayed, missed, and filled
permanent teeth (DMF-T) index were calculated [38,39].

The presence of dental plaque in each participant was assessed using the Silness–Löe
plaque index (PI). Dental plaque was recorded at the gingival areas of the buccal, mesial,
distal, and palatal/lingual surfaces of all the teeth. The score for a tooth was counted by
adding the scores of each area and dividing by 4. Meanwhile, the score for each patient was
counted by adding all the scores of the teeth and then dividing this by the number of teeth,
with ratings of 0 to 3 (0—excellent; 0.1–0.9—good; 1.0–1.9—fair; and 2.0–3.0—poor) [38].

Oral examinations, sealant applications, and follow-ups were performed by the same
dental hygienist (specialist) (K.S-M).

Overall, sealants were applied to 64 teeth. Resin-based sealants (RBSs) (ClinproTM

Sealant, 3M/ESPE, Saint Paul, MN, USA) were applied to a total of 32 teeth, and 32 teeth
were sealed with glass ionomer cement (GIC) sealants (Fuji IX, -Fuji IX, GC, Tokyo, Japan)
at baseline. The sealants were applied in accordance with the manufacturers’ instructions
(Figure 2). The material for sealant (RBS or GIC) application, with regard to the upper or
lower jaw and side (right or left), was selected by the operator. Additionally, moisture
control conditions were considered.
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Professional oral hygiene was performed, and regular oral hygiene instructions were
given to all participants at the beginning and during follow-up appointments.

2.4. Outcome Measurement

The integrity of the sealant was assessed clinically during the follow-up appointments
after 1 year, 3 years, and 10 years of placement. The retention of the sealant material on
each sealed tooth was determined according to the Kilpatrick criteria [40] as follows: 0
indicates complete retention, 1 indicates the loss of 1/3 of the sealant, 2 indicates the loss of
2/3 of the sealant, and 3 indicates the complete loss of the sealant (more than 2/3 of the
material). The later scores of sealant retention were regrouped as complete retention (score
0), partial loss (scores 1 and 2), and total loss (score 3). In addition, all the surfaces of the
teeth sealed with sealants were evaluated in terms of caries development during follow-up
visits. The criteria for evaluation were the following: 0 indicates no caries, and 1 indicates
caries (filling) present [41]. Later, “failure” was defined as a partial loss of the sealant or a
complete loss of the sealed material and filling.

2.5. Statistical Analysis

A statistical analysis was performed using the Statistical Package for Social Sciences
(SPSS version 29). A chi-square test served to measure the differences between the assessed
sealant groups. The Mann–Whitney U test was used to compare the mean scores of the PI
at different time periods. A comparison of different time periods with respect to the mean
scores of the DMF-T index and its components (D-T, M-T, and F-T) was performed using
the Wilcoxon test. A survival analysis of the different sealant materials was performed
with the Kaplan–Meier method and the Cox proportional hazard model. The significance
level was set at p < 0.05.

3. Results

Table 1 shows the demographic characteristics of the study participants, as follows:
seven boys (46.7%) and eight girls (53.3%), with a mean age of 12.3 ± 0.9 years at the
baseline.
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Table 1. Characteristics of the participants by year and gender at the baseline.

N %

Age (N = 15)

11 years 4 26.7

12 years 3 20.0

13 years 8 53.3

Total 15 100.0

MS ± SD (years) 12.3 ± 0.9

Gender (N = 15)

Boy (male) 7 46.7

Girl (female) 8 53.3

Total 15 100.0
MS ± SD—mean score ± standard deviation.

Table 2 shows the oral health status (presence of dental plaque (PI) and severity of
dental caries (DMF-T)) of the study participants at the baseline and the 10-year follow-ups.
At baseline, the mean score of the PI was 2.53 ± 0.50. The oral hygiene of the participants
was slightly improved over the whole follow-up period, with a PI of 2.47 ± 0.62 (p = 0.723).
Consequently, the mean score of the filled teeth (F-T) significantly increased during the
10-year follow-up period (from 0.93 ± 1.10 to 3.20 ± 2.43; p = 0.013). Within the same
follow-up period, the dental caries severity (mean DMF-T score) had increased significantly
(from 1.13 ± 1.25 to 3.60 ± 2.30; p = 0.003).

Table 2. Oral status of the participants over the whole follow-up period.

Follow-Up Period

Variables Baseline MS ± SD 1-Year MS ± SD 3-Year MS ± SD 10-year MS ± SD p-Value

Dental caries a

D-T 0.20 ± 0.41 0.25 ± 0.12 0.31 ± 0.14 0.40 ± 1.30 1.00

M-T 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1.00

F-T 0.93 ± 1.10 b 1.05 ± 0.19 1.4 ± 0.22 3.20 ± 2.43 b 0.013 b

DMF-T 1.13 ± 1.25 b 1.3 ± 1.15 1.71 ± 1.43 3.60 ± 2.30 b 0.003 b

Presence of dental plaque c

PI 2.53 ± 0.50 2.73 ± 0.446 b 2.00 ± 0.638 b 2.47 ± 0.62 0.723 < 0.001 b

a Wilcoxon test. b significant difference between different follow-up periods. c Mann–Whitney U test. MS ± SD—
mean score ± standard deviation.

At baseline, there were 32 permanent second molars sealed with RBSs and 32 sealed
with GIC. Table 3 shows that 66.7% of the sealants were completely retained and 6.7% were
completely lost after the 1-year follow-up. In considering the type of material, significantly
more complete retentions were observed in the RBS group than in the GIC group (90.0%
vs. 43.3%, p = 0.01). After the 1-year follow-up period, there were no dental caries lesions
recorded in the second permanent molars sealed with RBSs or GIC.

After the 3-year follow-ups, the rates of partial retention (36.7%) and the complete
loss of sealants (40.0%) were higher when compared with other outcome measurements,
such as complete retention and filling. No complete retention of GIC sealants was found.
Overall, 11.7% of the sealed occlusal surfaces were filled.
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Table 3. Sealant retention characteristics according to the type of material over the whole follow-up
period.

Follow-Up
Period

Type of
Material

Complete
Retention, N

(%)

Partial
Retention, N

(%)

Complete
Loss, N (%)

Filling, N
(%) Total, N (%) p-Value

1 year

RBS 27 (90.0) a 2 (6.7) a 1 (3.3) 0 (0.0) 30 (100.0)

0.01 aGIC 13 (43.3) a 14 (46.7) a 3 (10.0) 0 (0.0) 30 (100.0)

Total 40 (66.7) 16 (26.7) 4 (6.6) 0 (0.0) 60 (100.0)

3 years

RBS 7 (23.3) a 11 (36.7) 9 (30.0) 3 (10.0) 30 (100.0)

0.034 aGIC 0 (0.0) a 11 (36.7) 15 (50.0) 4 (13.3) 30 (100.0)

Total 7 (11.7) 22 (36.6) 24 (40.0) 7 (11.7) 60 (100.0)

10 years

RBS 2 (6.6) 8 (26.7) 11 (36.7) 9 (30.0) 30 (100.0)

0.145GIC 0 (0.0) 3 (10.0) 16 (53.3) 11 (36.7) 30 (100.0)

Total 2 (3.3) 11 (18.4) 27 (45.0) 20 (33.3) 60 (100.0)

A chi-square test was conducted to compare the results of the sealant retention characteristics and both types of
material during the follow-up periods. a significant difference between RBS and GIC. RBSs—resin-based sealants
and GIC—glass ionomer cement.

The 10-year follow-ups showed that 6.7% of the RBSs were completely retained, while
36.7% of the RBSs and 53.3% of the GIC sealants were completely lost (p = 0.145) (Table 3).
Subsequently, one-third of the sealed teeth (30.0% of the teeth sealed with RBSs and 36.7%
of teeth applied with GIC) were already filled (p = 0.145) (Table 3).

Figure 3 shows the results of the Kaplan–Meier analysis, wherein it demonstrates
the higher survival rate that was found in the RBS group when compared with the GIC
group over the whole follow-up period (p = 0.001). Compared with RBSs, GIC sealants
had a higher risk of failure; the hazard ratio (HR) was 1.426 (95% CI, 1.012–2.006, p < 0.001).
Finally, the HR showed that the risk of caries development after sealant application with
GIC was higher than with RBSs, although it did not differ statistically (1.250 (95% CI,
0.585–2.670 and p = 0.565)).

Medicina 2024, 60, x FOR PEER REVIEW 7 of 12 
 

 

Table 3. Sealant retention characteristics according to the type of material over the whole follow-up 

period. 

Follow-Up 

Period 

Type of 

Material 

Complete 

Retention, 

N (%) 

Partial  

Retention, N (%)  

Complete Loss,  

N (%) 

Filling, 

N (%) 

Total,  

N (%) 
p-Value 

1 year 

RBS 27 (90.0) a 2 (6.7) a 1 (3.3) 0 (0.0) 30 (100.0) 

0.01 a GIC 13 (43.3) a 14 (46.7) a 3 (10.0) 0 (0.0) 30 (100.0) 

Total 40 (66.7) 16 (26.7) 4 (6.6) 0 (0.0) 60 (100.0) 

3 years 

RBS 7 (23.3) a 11 (36.7) 9 (30.0) 3 (10.0) 30 (100.0) 

0.034 a GIC 0 (0.0) a 11 (36.7) 15 (50.0) 4 (13.3) 30 (100.0) 

Total 7 (11.7) 22 (36.6) 24 (40.0) 7 (11.7) 60 (100.0) 

10 years 

RBS 2 (6.6) 8 (26.7) 11 (36.7) 9 (30.0) 30 (100.0) 

0.145 GIC 0 (0.0) 3 (10.0) 16 (53.3) 11 (36.7) 30 (100.0) 

Total 2 (3.3) 11 (18.4) 27 (45.0) 20 (33.3) 60 (100.0) 

A chi-square test was conducted to compare the results of the sealant retention characteristics and 

both types of material during the follow-up periods. a significant difference between RBS and GIC. 

RBSs—resin-based sealants and GIC—glass ionomer cement. 

Figure 3 shows the results of the Kaplan–Meier analysis, wherein it demonstrates the 

higher survival rate that was found in the RBS group when compared with the GIC group 

over the whole follow-up period (p = 0.001). Compared with RBSs, GIC sealants had a 

higher risk of failure; the hazard ratio (HR) was 1.426 (95% CI, 1.012–2.006, p < 0.001). 

Finally, the HR showed that the risk of caries development after sealant application with 

GIC was higher than with RBSs, although it did not differ statistically (1.250 (95% CI, 

0.585–2.670 and p = 0.565)). 

 

Figure 3. The cumulative survival curves for both types of sealants. “Failure” is defined as the loss 

of more than one-third of the sealant (via Log rank, p = 0.001). 

Table 4 shows the rate of complete retention for both materials after the 1-year, 3-

year, and 10-year follow-up periods with regard to the upper or lower teeth sealed. A 

higher complete retention rate of both materials was found on the maxillary permanent 

second molars during all three periods of follow-up (p > 0.05). 

  

Figure 3. The cumulative survival curves for both types of sealants. “Failure” is defined as the loss of
more than one-third of the sealant (via Log rank, p = 0.001).
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Table 4 shows the rate of complete retention for both materials after the 1-year, 3-year,
and 10-year follow-up periods with regard to the upper or lower teeth sealed. A higher
complete retention rate of both materials was found on the maxillary permanent second
molars during all three periods of follow-up (p > 0.05).

Table 4. Sealant retention characteristics as per the location of sealed teeth over the whole follow-up
period.

Sealant
Retention

Follow-Up

1 Year 3 Years 10 Years

RBS, N (%) GIC, N (%) RBS, N (%) GIC, N (%) RBS, N (%) GIC, N (%)

Maxillary permanent second molars

Complete
retention 12 (92.3) 8 (47.1) 4 (30.8) 0 (0.0) 2 (15.4) 0 (0.0)

“Failure” 1 (7.7) 9 (52.9) 9 (69.2) 17 (100.0) 11 (84.6) 17 (100.0)

Total 13 (100.0) 17 (100.0) 13 (100.0) 17 (100.0) 13 (100.0) 17 (100.0)

Mandibular permanent second molars

Complete
retention 15 (88.2) 5 (38.5) 3 (17.6) 0 (0.0) 0 (0.0) 0 (0.0)

“Failure” 2 (11.8) 8 (61.5) 14 (82.4) 13 (100.0) 17 (100.0) 13 (100.0)

Total 17 (100.0) 13 (100.0) 17 (100.0) 13 (100.0) 17 (100.0) 13 (100.0)

A chi-square test was conducted to compare the results as per the tooth location and the sealant retention of both
types of sealants during the follow-up periods (p > 0.05).

4. Discussion

The main finding of the study was the higher survival rate of resin-based sealants
(RBSs) over glass ionomer cement (GIC) sealants when applied to second permanent
molars over a long-term follow-up period. The clinical assessments of the sealant retention
were performed after 1-year, 3-year, and 10-year periods. The participants’ oral hygiene
status was insignificantly improved and remained inadequate over the whole follow-up
period. When considering the location, the complete sealant retention of both materials
was insignificantly better on the maxillary permanent second molars over the whole period.
In the present study, no caries lesion in the sealed second permanent molars was recorded
during the 1-year follow-ups. After the 10-year follow-ups, the prevalence of the filled
permanent second molars that had been previously applied with RBSs or GIC sealants did
not differ significantly.

This study revealed that 90% of the RBSs were completely retained after a one-year
follow-up period. Previous studies showed a high complete retention rate for RBSs, which
varied from 62.5% to 96.7% after a 1-year follow-up period [3,42–44].

After three years, 23.3% of RBSs were completely retained in this study, while other
studies reported a higher rate of complete retention of RBSs (which varied from 80.2% to
91.08% after the same period of follow-up [15,45]). The findings revealed that the complete
or partial retention rate of GIC sealants was the same as it was found to be in another study
performed by Hesse et al. [22].

When considering the 10-year follow-up period, half of the GIC sealants were com-
pletely lost, and 36.7% of the teeth applied with GIC sealants were already filled; these
findings are in line with the results of another study carried out in Serbia [19]. Wendt et al.
found that 65% of second permanent molars applied with resin-based sealants showed com-
plete retention, and 5% of these teeth were found to be filled after 15-year follow-ups [27].
Long-term studies evaluating sealant retention are scarce [2].

This study revealed that the complete sealant retention of both materials was better
on maxillary permanent second molars than on mandibular ones (p > 0.05). The same
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pattern of retention was observed in a study carried out in Romania [18]. Meanwhile, a
study performed in Croatia showed the opposite results, i.e., better sealant retention on the
mandibular molars (p < 0.05) [46].

The pit and fissure sealants’ effectiveness was widely investigated in terms of retention,
mechanical properties, different bonding, marginal microleakages, infiltration, and the
emergence of caries, as detailed below [42,47–50]. This study employed the conventional
acid etching protocol and cotton roll isolation technique during the sealant application
procedure. Another study carried out in Lithuania compared the air abrasion and acid etch-
ing methods during RBS application and did not find significant differences in the sealant
retention rate and caries development after 5-year follow-ups [42]. When considering
bonding variations, the etch-and-rinse, multimode universal, and self-etch adhesives were
used after acid etching, but the results did not confirm the effectiveness of the adhesive
usage during RBS application after short-term follow-ups [47]. Meanwhile, another study
revealed that an ethanol-based bonding agent being applied prior to resin-based sealant
placement on first permanent molars significantly increased the retention at 12 months [48].
However, with respect to different isolation techniques, various studies have revealed
opposite findings. Mattar et al. showed that the chosen type of isolation, such as the Isolite
system, rubber dam, or cotton roll isolation, had no impact on the retention rate of pit
and fissure sealants [49]; however, another study found that rubber dam isolation ensured
better retention of sealants [50].

There are contradictory opinions regarding the clinical effectiveness of GIC sealants
in caries prevention. GIC sealants have lower retention rates than RBSs [46,51,52], but
the GIC material is more effective in occlusal caries prevention [51]. It has been found
that GIC-based sealants applied according to the atraumatic restorative treatment (ART)
protocol are effective at preventing dentine caries lesion development [52]. On the other
hand, another study concluded that the application of GIC sealants on first permanent
molars was not superior in reducing caries lesion development compared to non-applied
molars [22]. However, the clinical relevance was focused not on sealant retention, but on
the duration of potential caries prevention in previously sealed teeth [18]. Thus, GIC may
be a proper material to seal recently erupted permanent molars for children in the high
caries risk category when isolation of a tooth is challenging.

Long-term caries prevention strategies focus on non-operative caries treatment and
sealant application, only for patients with high caries risk [29,30]. A high mean number
of sealed teeth (4.29 [29] and 8.58 [30]) has indicated that oral health education, dietary
counseling, personal tooth brushing, professional plaque removal, and fluoride varnish
application may be insufficient measures in arresting caries progression for patients with
low motivation [29,30]. These various implemented methods are effective in preventing
caries development, although one intervention was not found to be more effective (superior)
than another (varnish vs. sealant) [53,54].

The data from the National Oral Health Survey in Greece confirmed that sealant
placement (low prevalence of sealants) is significantly associated with caries reduction
(24%) in the 15-year-old group [55]. The sealant application for the first and second molars
covered by the National Health Insurance Service contributed to decreasing dental caries
in South Korea [56]. The financial resources of the national program for pit and fissure
sealants in Lithuania were used inefficiently [33].

Numerous studies have proved that using merely professional dental measures, such
as fluoride varnish or dental sealant applications, is not sufficient in avoiding dental caries
development. Thus, oral hygiene instructions and dietary counseling play an essential role
in dental caries prevention [57]. Regular supervised toothbrushing may be as efficient as
the application of dental sealants in preventing dentin caries lesion development [58]. In
considering long-term prognoses, the most favorable results were achieved when dental
sealants were integrated as a component in caries prevention programs [59].
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Strength and Limitation

The main strengths of this study need to be considered. The long-term follow-up for
the evaluation of sealant retention and caries development may be considered as the main
advantage of this study. However, a relatively small sample size was one of the limitations
of this study. The split mouth design was not used, although bitewing radiographs were
taken prior to the application of sealants. Furthermore, other methods, such as fiber optic
transillumination and laser fluorescence, were not employed to detect occlusal caries.

5. Conclusions

Although the survival rate of RBSs was higher than that of GIC sealants, their effec-
tiveness in preventing fissure caries in permanent second molars did not differ significantly
over a 10-year follow-up period. Glass ionomer sealants could be a good alternative as an
initial temporary sealant material due to better moisture tolerance than resin-based sealants
when optimal saliva control during sealant application is not feasible.

Author Contributions: Conceptualization and methodology, K.S.-M. and J.N.; investigation, K.S.-
M.; data writing—original draft preparation, S.P.; writing—review and editing, S.P., K.S.-M., and
J.N.; visualization, S.P., K.S.-M., and J.N.; supervision, J.N. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the guidelines
detailed in the Declaration of Helsinki. The Kaunas Regional Biomedical Research Ethics Committee
approved the study protocol (no. 100/2003-12-03), and the parents of the participants provided their
written informed consent to participate in the study.

Informed Consent Statement: Informed consent was obtained from all parents of subjects involved
in the study.

Data Availability Statement: The data presented in this study are available from the corresponding
authors.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Carvalho, J.C.; Dige, I.; Machiulskiene, V.; Qvist, V.; Bakhshandeh, A.; Fatturi-Parolo, C.; Maltz, M. Occlusal Caries: Biological

Approach for Its Diagnosis and Management. Caries Res. 2016, 50, 527–542. [CrossRef] [PubMed]
2. Ng, T.C.; Chu, C.H.; Yu, O.Y. A concise review of dental sealants in caries management. Front. Oral Health 2023, 4, 1180405.

[CrossRef] [PubMed]
3. Beresescu, L.; Păcurar, M.; Bica, C.I.; Vlasa, A.; Stoica, O.E.; Dako, T.; Petcu, B.; Esian, D. The Assessment of Sealants’ Effectiveness

in Arresting Non-Cavitated Caries Lesion-A 24-Month Follow-Up. Healthcare 2022, 10, 1651. [CrossRef] [PubMed]
4. Centers for Disease Control and Prevention Division of Oral Health. Dental Sealants. 2013. Available online: https://www.cdc.

gov/oralhealth/dental_sealant_program/sealants-FAQ.htm (accessed on 31 March 2015).
5. Handelman, S.L.; Buonocore, M.G.; Heseck, D.J. A preliminary report on the effect of fissure sealant on bacteria in dental caries. J.

Prosthet. Dent. 1972, 27, 390–392. [CrossRef] [PubMed]
6. Simonsen, R.J. Pit and fissure sealants. In Clinical Applications of the Acid Etch Technique; Quintessence Publishing Co. Inc.: Chicago,

IL, USA, 1978; pp. 19–42.
7. Ahovuo-Saloranta, A.; Forss, H.; Walsh, T.; Nordblad, A.; Mäkelä, M.; Worthington, H.V. Pit and fissure sealants for preventing

dental decay in permanent teeth. Cochrane Database Syst. Rev. 2017, 7, CD001830. [CrossRef] [PubMed]
8. Carvalho, J.C.; Figueredo, C.S.; Mestrinho, H.D. Clinical report on plaque formation, distribution and maturation within the

primary, mixed and permanent dentitions. Eur. J. Paediatr. Dent. 2009, 10, 193–199. [PubMed]
9. Ahovuo-Saloranta, A.; Forss, H.; Hiiri, A.; Nordblad, A.; Mäkelä, M. Pit and fissure sealants versus fluoride varnishes for

preventing dental decay in the permanent teeth of children and adolescents. Cochrane Database Syst. Rev. 2016, 2016, CD003067.
[CrossRef] [PubMed]

10. Alsabek, L.; Al-Nerabieah, Z.; Bshara, N.; Comisi, J.C. Retention and remineralization effect of moisture tolerant resin-based
sealant and glass ionomer sealant on non-cavitated pit and fissure caries: Randomized controlled clinical trial. J. Dent. 2019, 86,
69–74. [CrossRef]

11. Cvikl, B.; Moritz, A.; Bekes, K. Pit and Fissure Sealants-A Comprehensive Review. Dent. J. 2018, 6, 18. [CrossRef]

https://doi.org/10.1159/000448662
https://www.ncbi.nlm.nih.gov/pubmed/27658123
https://doi.org/10.3389/froh.2023.1180405
https://www.ncbi.nlm.nih.gov/pubmed/37138858
https://doi.org/10.3390/healthcare10091651
https://www.ncbi.nlm.nih.gov/pubmed/36141263
https://www.cdc.gov/oralhealth/dental_sealant_program/sealants-FAQ.htm
https://www.cdc.gov/oralhealth/dental_sealant_program/sealants-FAQ.htm
https://doi.org/10.1016/0022-3913(72)90287-9
https://www.ncbi.nlm.nih.gov/pubmed/4502079
https://doi.org/10.1002/14651858.CD001830.pub5
https://www.ncbi.nlm.nih.gov/pubmed/28759120
https://www.ncbi.nlm.nih.gov/pubmed/20073546
https://doi.org/10.1002/14651858.CD003067.pub4
https://www.ncbi.nlm.nih.gov/pubmed/26780162
https://doi.org/10.1016/j.jdent.2019.05.027
https://doi.org/10.3390/dj6020018


Medicina 2024, 60, 756 11 of 12

12. Buonocore, M.G. A simple method of increasing the adhesion of acrylic filling materials to enamel surfaces. J. Dent. Res. 1955, 34,
849–853. [CrossRef]

13. McLean, J.W.; Wilson, A.D. Fissure sealing and filling with an adhesive glass-ionomer cement. Br. Dent. J. 1974, 136, 269–276.
[CrossRef] [PubMed]

14. Uzel, I.; Gurlek, C.; Kuter, B.; Ertugrul, F.; Eden, E. Caries-Preventive Effect and Retention of Glass-Ionomer and Resin-Based
Sealants: A Randomized Clinical Comparative Evaluation. Biomed. Res. Int. 2022, 2022, 7205692. [CrossRef] [PubMed]

15. Ozan, G.; Sancakli, H.S.; Erdemir, U.; Yaman, B.C.; Yildiz, S.O.; Yildiz, E. Comparative evaluation of a fissure sealant and a
flowable composite: A 36-month split-mouth, randomized clinical study. J. Dent. 2022, 123, 104205. [CrossRef] [PubMed]

16. Kühnisch, J.; Mansmann, U.; Heinrich-Weltzien, R.; Hickel, R. Longevity of materials for pit and fissure sealing--results from a
meta-analysis. Dent. Mater. 2012, 28, 298–303. [CrossRef] [PubMed]

17. Lam, P.P.; Sardana, D.; Lo, E.C.; Yiu, C.K. Fissure sealant in a nutshell. evidence-based meta-evaluation of sealants’ effectiveness
in caries prevention and arrest. J. Evid. Based Dent. Pract. 2021, 21, 101587. [CrossRef] [PubMed]

18. Muntean, A.; Sarosi, C.; Sava, S.; Moldovan, M.; Condurache, A.I.; Delean, A.G. Dental Sealant Composition-Retention Assessment
in Young Permanent Molars. Materials 2021, 14, 1646. [CrossRef]

19. Markovic, D.; Peric, T.; Petrovic, B. Glass-ionomer fissure sealants: Clinical observations up to 13 years. J. Dent. 2018, 79, 85–89.
[CrossRef]

20. Colombo, S.; Beretta, M. Dental Sealants Part 3: Which material? Efficiency and effectiveness. Eur. J. Paediatr. Dent. 2018, 19,
247–249. [CrossRef]

21. Sly, G.E.; Missana, L.R.; Nieva, N.; Kaplan, A.E. Ex vivo microleakage comparison between glass ionomers used as pit and fissure
sealants. Acta Odontol. Latinoam. 2015, 28, 132–137.

22. Hesse, D.; Guglielmi, C.A.B.; Raggio, D.P.; Bönecker, M.J.S.; Mendes, F.M.; Bonifácio, C.C. Atraumatic Restorative Treatment-
Sealed versus Nonsealed First Permanent Molars: A 3-Year Split-Mouth Clinical Trial. Caries Res. 2021, 55, 12–20. [CrossRef]

23. Bhushan, U.; Goswami, M. Evaluation of retention of pit and fissure sealants placed with and without air abrasion pretreatment
in 6–8 year old children—An in vivo study. J. Clin. Exp. Dent. 2017, 9, e211–e217. [CrossRef] [PubMed]

24. Botton, G.; Morgental, C.S.; Scherer, M.M.; Lenzi, T.L.; Montagner, A.F.; Rocha, R.O. Are self-etch adhesive systems effective in
the retention of occlusal sealants? A systematic review and meta-analysis. Int. J. Paediatr. Dent. 2016, 26, 402–411. [CrossRef]
[PubMed]

25. Azarpazhooh, A.; Main, P.A. Pit and fissure sealants in the prevention of dental caries in children and adolescents: A systematic
review. J. Can. Dent. Assoc. 2008, 74, 171–177. [PubMed]

26. Bakhtiar, M.; Azadi, N.; Golkari, A. One-Year Evaluation of a Free Fissure Sealant Program. J. Dent. Biomater. 2016, 3, 306–314.
27. Wendt, L.K.; Koch, G.; Birkhed, D. On the retention and effectiveness of fissure sealant in permanent molars after 15–20 years: A

cohort study. Community Dent. Oral Epidemiol. 2001, 29, 302–307. [CrossRef] [PubMed]
28. Soto-Rojas, A.E.; Escoffié-Ramírez, M.; Pérez-Ferrera, G.; Guido, J.A.; Mantilla-Rodriguez, A.A.; Martinez-Mier, E.A. Retention

of dental sealants placed on sound teeth and incipient caries lesions as part of a service-learning programme in rural areas in
Mexico. Int. J. Paediatr. Dent. 2012, 22, 451–458. [CrossRef]

29. Ekstrand, K.R.; Christiansen, M.E. Outcomes of a non-operative caries treatment programme for children and adolescents. Caries
Res. 2005, 39, 455–467. [CrossRef]

30. Ekstrand, K.R.; Abreu-Placeres, N. The impact of a national caries strategy in Greenland 10 years after implementation. A failure
or a success? Int. J. Circumpolar Health 2020, 79, 1804260. [CrossRef]

31. Children’s Health Monitoring System. Available online: https://vssis.hi.lt/Naujienos/Naujiena?NewsId=1415 (accessed on 9
January 2024).
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