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Abstract
Aim: To evaluate retention and caries prevention of a
glass-ionomer cement (GIC) and a resin-based fissure
sealant placed by fifth-year undergraduate dental students.
METHODS: The study was conducted according to a
split-mouth, randomised clinical trial. Children with at least
one pair of caries-free permanent first molars with deep
pits and fissures were included in the study. The children
were selected from a population that had a high risk for
dental caries. Sealant materials were applied by fifth-year
undergraduate dental students on 346 fissures of the first
permanent molars in 173 children. The ages of the children
ranged from 7-15 years (mean 9.4). Two researchers at the
clinics supervised all of the procedures. Intra-examiner
reproducibility and inter-examiner reproducibility were
0.90 and 0.86, respectively, for the clinical assessment of
sealant retention and caries evaluation. RESULTS: GIC
sealants were completely lost in 31.9% and resin-based
sealants in 16.6% (p<0.05). The total retention rates of GIC
sealants and resin-based sealants were 13.8% and 20.8%,
respectively. After 24 months, the caries increment was
3.4% for GIC sealants and 4.8% for resin-based sealants
(p>0.05). CONCLUSIONS: The retention of GIC sealants
was markedly inferior to the retention of resin-based sealants; however, GIC when used as a pit and fissure sealant
was slightly more effective in preventing occlusal caries.

Introduction
Dental caries is an infectious disease that can be arrested in its
early stages. Approximately 90% of carious lesions are found in
the pits and fissures of permanent posterior teeth [NCHS, 2007].
The application of pit and fissure sealants (FS) is widely used for
the prevention of dental caries. Pit and FS have their own technology. There are basically two dental materials that are used to
seal pits and fissures: resin-based/composites and glass ionomer
sealants. The most widely used FS are resin-based composite
adhesives. Resin-based sealants change the occlusal morphology
by forming a micromechanical-bonded resin layer that functions
as a physical barrier between the enamel surface and the oral
environment [Simonsen, 2002; Müller-Bolla et al., 2006]. It is generally accepted that resin-based FS are retained longer than GICs
[Simonsen, 2002; Locker et al., 2003]. However, it is unclear as to
which sealant type better prevents caries.
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Fissure sealing with glass ionomer (GIC) cement was introduced by McLean and Wilson [1974]. They reported 84%
completely retained sealants after 1 year and 78% after 2 years
when using GIC. The main advantages of GIC are its ability
to adhere to untreated enamel surfaces and its continuous
release of fluoride from the cement [Mejare and Mjor, 1990].
Moreover, when using GIC for fissure sealing, the retention of
the material is less dependent on complete moisture control
[Poulsen et al., 2001]. However, different studies have shown
significantly lower retention rates compared to resin sealants.
On the other hand, Torppa-Saarinen and Seppå [1990] investigated the pits and fissures of GIC sealed occlusal surfaces
that had been clinically scored as having partial or total loss
of sealant under a stereomicroscope or scanning electron
microscope and reported that glass ionomer material was
still left at the bottom of the fissures in most of the cases. It
was assumed that this finding was in part the reason why GIC
sealants prevented caries even after they appeared to be lost
[Torppa-Saarinen and Seppå, 1990; Arrow and Riordan, 1995;
Weerheijm et al., 1996].
The purpose of this study was to compare the retention and
the caries-preventive effect of a GIC used as a fissure sealant
(Fuji VII, GC Corporation, Japan) and a light-cured, fluoridereleasing resin sealant (Fissurit F, Voco, Germany).

Materials and methods
Participants, including boys and girls ranging from 7-15 years
of age (mean age 9.4 years), were selected from a patient population at high risk for dental caries at the University of Gazi
Department of Paediatric Dentistry. All first permanent molars
were lightly dried with an air syringe, and the occlusal surfaces
were examined visually. Clinical evidence of caries (cavitation,
discolourisation or other carious defects) or an existing restoration in a first permanent molar indicated exclusion from the
study. The children with at least one pair of caries-free first
permanent molars with deep pits and fissures were included
in the study. Informed consent was obtained from the parents
of children. The procedure, likelihood of potential discomfort,
risks, and possible benefits were explained in full to the parents of the involved children.
The study was conducted according to a split-mouth design
using contra-lateral teeth. The inclusion criteria consisted
of clinically non-detectable caries and no FS or restorations
present on the fissures. Sealant materials were applied by
fifth-year undergraduate dental students on 346 fissures of
first molars in 173 children. Two paediatric dentists at the clinics supervised all of the procedures.
Resin-based. Prior to the sealant application, each tooth was
cleaned using a bristle brush and pumice, rinsed thoroughly
with water, and etched with 37% phosphoric acid for 30 s.

GIC or resin-based fissure sealants
The acid was removed by rinsing for 30 s and air-drying thereafter until the surface was dull white. Each tooth was isolated
with cotton rolls and a flexible plastic saliva ejector. The resinbased sealant (Fissurit F®, Voco, Germany) was applied to the
pits and fissures with a disposable brush and subsequently
light polymerised for 30s. The occlusion was checked with
articulation paper and modified, if needed, using a finishing bur.
Glass Ionomer. Prior to the FS application, each tooth was
cleaned with a prophylaxis brush using pumice, rinsed, and
dried. The teeth were isolated using cotton rolls. The occlusal
surface was conditioned with GC dentine conditioner for 20 s;
each tooth was then washed and dried with cotton wool pellets. The GIC (Fuji VII®, GC Corporation, Japan) was mixed
according to the manufacturer’s instructions and applied to the
occlusal surface using a plastic filling instrument. A disposable
nylon brush was used to properly spread the GIC onto the pits
and fissures. The FS was coated with Vaseline®. Children were
instructed not to eat for at least 1 h.
Each tooth was examined at 1, 3, 6, 12, and 24 months
after FS application by two examiners. The criteria adopted to
evaluate the retention of the FS were as follows [Smales and
Wong, 1999]:

l

l

l

l

Total retention (TR): total retention of the FS on the occlusal
surface,
Partial retention type 1 (PR1): presence of FS in
two-thirds of the pit extension with small fractures and loss
of material,
Partial retention type 2 (PR2): presence of FS in one-third of
the pit extension with fractures and loss of material,
Total loss (TL): complete absence of FS on the occlusal surface of the tooth.

The criteria adopted to evaluate for the presence of caries were
as follows [Ketley and Holt, 1993]:
l
l

l

No visible caries and non-cavitated lesions,
Presence of micro-cavity (diameter < 1.5 mm across fissure)
and large cavities,
Filled teeth.

The data were statistically analysed using the Wilcoxon
matched pair test and Chi-square test. Statistical significance was established at 5%. The inter- and intra-examiner
reproducibilities were calculated by the Cohen unweighted
kappa statistic.

Table 1. Retention of fissure sealant materials after clinical application
Evaluations

1 month

3 months

6 months

12 months

24 months

Retention

Fissurit F®

Fuji VII®
N

%

N

%

TR

121

69.9

130

75.14

PR1

18

10.4

30

17.3

PR2

12

6.9

10

5.7

TL

22

12.7

3

1.7

TR

85

52.8

101

62.7

PR1

28

17.4

32

19.8

PR2

18

11.1

20

12.4

TL

30

1.8

8

4.9

TR

69

45.7

71

47.0

PR1

22

14.5

39

25.8

PR2

22

14.5

22

14.5

TL

37

24.5

18

11.9

TR

47

35.1

57

38.5

PR1

30

16.9

39

26.3

PR2

28

18.9

27

18.2

TL

40

27.0

20

13.5

TR

20

13.8

30

20.8

PR1

39

27.0

46

31.9

PR2

34

23.6

37

25.7

TL

46

31.9

24

16.6

Total

p

346

0.0048

322

0.0018

300

0.0257

288

0.0062

276

0.0326

TR, total retention; PR1, partial retention 1; PR2, partial retention 2; TL, total loss. p= Exact significant level (Wilcoxon pair test). Significant statistically (p<0.05).
N, number of teeth.
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Table 2. Caries and filled teeth evaluations after 1, 3, 6, 12 and 24 months of fissure sealant application.
Clinical evaluation (carious + filled)
Materials

1 month

3 months

6 months

12 months

24 months

N

%

N

%

N

%

N

%

N

%

Fuji VII

0

0

0

0

1

0.6

3

2.0

5

3.4

Fissurit F

0

0

0

0

1

0.6

5

3.3

7

4.8

p value

1.0000

1.0000

1.0000

0.4677

0.5257

Chi-square test (p<0.05); N, number of teeth.

Results
Intna- and inter-examiner reproducibilities were 0.90 and 0.86,

respectively, for the clinical assessment of FS retention and caries
evaluation.

The results of the retention rates of FS for all periods are presented

in Table 1. Retention of the Fuji VII® FS was significantly lower than

the retention of the Fissurit F® FS at all follow-up examinations
(p<0.05). The differences in caries development between the FS

materials at all periods were not significant. (p>0.05). Amongst the
FS materials, the caries incidence for the Fissurit F® group was

insignificantly higher than that of the Fuji VII® group at 12 and 24
months (Table 2).

Discussion
Although the pits and fissures of molars make up only 13% of the
total tooth surface, they account for 88% of total caries in young
permanent teeth [Brown and Selwitz, 1995]. The occlusal surface

of molars is responsible for approximately 67-90% of caries in
children from 5-17 years of age [Kaste et al., 1996; Brown et al.,

1999]. One of the widely used methods for protecting occlusal
surfaces is the application of pit and fissure sealants; FS effec-

tiveness is directly related to its retention and is dependent on
application procedures [Simonsen, 1991; Ripa, 1993]. However,

FS retention is easily compressed by saliva contamination, which

consequently reduces the caries-preventive effect [Bishara et al.,
2002]. Due to the hydrophilic properties, GIC is not as moisture-

sensitive as hydrophobic resin [Smith, 1998]. However, it should
be noted that the most important aspect of FS placement is the
isolation of the tooth from saliva.

The low retention rates found in this study are in agreement with
previous studies on GIC fissure sealants [Forss and Halme, 1998;
Poulsen et al., 2001; Skrinjaric et al., 2008]. In this study, the total

retention rates for Fuji VII® was 13.8% for a two-year period.

However, Arrow and Riordon [1995] reported significantly greater

retention rates for GIC sealants when compared with resin FS,
although most of the studies reported significantly lower retention
rates for GIC sealants.
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Our results are also in agreement with previous studies that found
a higher or similar caries-preventive effect of GIC sealants [Forss
et al., 1994; Arrow and Riordan, 1995; Williams et al., 1996; Forss
and Halme, 1998]. It has been shown that GIC sealants have a
caries-preventive effect even after the FS has been lost [Williams
and Winter, 1981]. Williams et al. [1996] reported no significant
difference in caries increment between resin-based FS and GIC
sealants in a 4-year period. Although GIC sealants were nearly all
lost, 61% of the resin-based sealants were retained.
GIC sealants, which do not require etching of the tooth surface,
are generally easier to place than resin-based sealants. On the
other hand, it has been suggested that GIC, which is used as the
fissure sealant in Atraumatic Restorative Treatment (ART), has
higher retention rates because of the ‘press-finger’ technique that
condenses the material into the pits and fissures [Frencken et al.,
1998; Holmgren et al., 2000]. Beiruti et al. [2006] reported that
the caries-preventive effect of high viscosity GIC sealants, placed
according to the ART procedure, was higher than that of resinbased sealants after 3 to 5 years.
An unexpected finding of this study was the total retention rate
of resin-based sealant (20.8%), as previous studies showed
higher total retention rates [Mejare and Mjör, 1990; Forss et al.,
1994; Beiruti et al., 2006]. This is probably for two reasons. Firstly,
although the mean age of the children was 9.4 years, placing resin
sealants on fully erupted teeth would result in good retention, and
as newly erupted first molars were included. Any incomplete eruption of these teeth may have led to salivary contamination during
FS application, thereby decreasing mechanical bonding and substantialy compromising FS retention [Barja-Fidalgo et al., 2009].
Secondly, the sealing procedure for resin-based materials is more
technique sensitive than for polyacid-based materials, mainly
because of hydrophobic nature of resin-based materials [Beiruti et
al., 2006]. In the present study, FS application was performed by
inexperienced fifth-year undergraduate dental students. Although
two experienced paediatric dentists in the clinics supervised all
of the procedures, dental students might not have been able to
effectively apply resin-based sealants, a procedure which is considered more technique sensitive than that for GIC sealants.

GIC or resin-based fissure sealants
Complete isolation of the tooth from contamination by saliva is
the most important aspect of FS placement. In this study, teeth
were isolated using cotton rolls. However, isolation by rubber dam
or cotton rolls is equally effective and results in similar retention
rates [Locker et al., 2003]. Straffon et al. [1985] investigated the
effect of isolation on the efficacy of resin-based sealants for 36
months; 61% of the total number of teeth with retreated FS were
mandibular teeth. In that study, one group of teeth was isolated
with a rubber dam and the other with cotton rolls. No tooth that
had a FS placed became carious in either group. The most caries-susceptible period of a first molar tooth is during the 1-1.5
year-long eruption phase [Carvalho et al., 1989]. In this period,
the enamel has not fully matured, and it is usually difficult for a
child to clean the erupting tooth surfaces [Taifour et al., 2003]. This
challenge can be overcome by applying GIC sealants because of
its hydrophilic properties.
In addition, acid-etching for resin based sealants may be less
effective in newly erupted teeth with immature enamel containing higher levels of protein. The dental literature confirms that
resin-based FS present lower retention rates in younger children
[Songpaisan et al., 1995; Forss and Halme, 1998; Pardi et al.,
2003; Poulsen et al., 2006]. In the light of a recent review [Splieth
et al.,2010], it has been suggested that as the occlusal surfaces
of erupting teeth often show the initial stages of caries, it is more
correct to see FS as a therapeutic treatment than as a purely
preventive treatment. The therapeutic indications for FS include
active lesions in pits and fissures, possibly even up to deep
enamel caries or initial dentine lesions. The standard recommendation for deeper lesions is still operative procedures.

Conclusion
The retention rates for resin-based sealants were significantly
higher than that of GIC sealants; however, GIC was slightly more
effective in preventing occlusal caries. Further investigations on
new materials and techniques should be performed to determine
more effective procedures in the prevention of caries in the pits
and fissures of teeth.
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