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The high caries susceptibility of the occlusal surface 
is inherent in its morphology. The pits and fissures, 
which form mechanical retention niches for bacte-

ria, food, and other debris, allow the initiation of enamel 
demineralization.1
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ABSTRACT
Purpose: The aim of this study was to evaluate the effectiveness and retention of occlusal 
sealing using FluroShield or Compoglass. 
Methods: The sample consisted of 57 children aged 7 to 9 years who had 4 sound, fully 
erupted, first permanent molars (total=228 teeth). Both materials were applied on contra-
lateral teeth in a split-mouth design in 2 groups: (1) FluroShield—left upper molar and 
right lower molar; (2) Compoglass—right upper molar and left lower molar. The materials 
were applied under cotton roll isolation by the same operator according to the manufactur-
ers’ instructions. The evaluations were carried out at 6, 12, and 24 months. The data were 
subjected to the G2 (likelihood ratio chi-square test; P<.05). 
Results: At the 6-month evaluation, Compoglass showed 60% total retention, 23% partial 
retention, and 17% total loss. FluroShield showed 53% total retention, 31% partial reten-
tion, and 16% total loss. At the 12-month recall, Compoglass and FluroShield, respectively, 
showed 39% and 43% total retention, 38% and 33% partial retention, and 24% and 25% 
total loss. At the 24-month evaluation, there was a reduction of 56% of the initial sample 
numbers (32/57), with 22% and 20% having total retention, 52% and 48% partial reten-
tion, and 26% and 32% total loss, respectively, for Compoglass and FluroShield. There 
was no significant statistical difference between the retention of both materials studied. 
There was no new caries formation during the evaluation period. 
Conclusion: It could be concluded that both materials effectively prevented caries in oc-
clusal surfaces during the follow-up period, although both showed a low retention rates. 
(J Dent Child 2006;73:31-36) 
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The traditional preventive methods, such as diet control 
and fluoride therapy effectively prevent dental caries on 
smooth tooth surfaces, but they have not been satisfactory 
methods to control caries lesions in pits and fissures.2,3 In 
1975, Graves and Burt4 reported that even populations 
living in communities with fluoridated water have sig-
nificant problems with occlusal caries. In later studies, it 
was reported that, although the total caries experience has 
decreased, the proportion of caries lesions occurring in oc-
clusal surfaces has increased compared to smooth surface 
lesions in children.5-8

The attempts to obliterate pits and fissures to prevent 
occlusal caries has been observed since 1895, when Perry9 
reported a technique for sealing fissures with zinc phosphate 
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cement. The modern method of sealing occlusal surfaces, 
however, was introduced in the late 1960s. It involves the 
application of a thin layer of resin directly on the fissures 
after pretreatment with acid. 

Many studies have proven sealants to be safe and highly 
effective in preventing tooth decay.1,4,10,11 Resin-based 
sealants show satisfactory physical properties and clinical 
longevity. These materials are made of an organic matrix 
with variable proportions of Bis-GMA resin and UDMA 
and may contain inorganic filler such as glass, porcelain, or 
quartz—differing in amount and quality of this filler in the 
overall material composition.11

A property of some fluoride-containing restorative dental 
materials that has attracted substantial interest is the abil-
ity to release fluoride at the tooth/sealant interface.12 Most 
dental restorative materials increase the surface energy of 
the enamel and tend to retain bacterial plaque on the sur-
faces and margins of restorations. Fluoride present on the 
tooth surface decreases the surface energy, inhibits enamel 
demineralization during acid attacks, and enhances the 
remineralization during periods of neutrality. Furthermore, 
fluoride ions also inhibit bacterial growth and can have a 
lytic effect on some cariogenic strains of bacteria.13 Loyola-
Rodríguez and García-Godoy14 showed in their study that 
fluoride released by sealants is able to produce an inhibitory 
effect against Streptococcus mutans.1

Several materials have been developed to be used as pit 
and fissure sealants. In the middle of the 1970s, glass ionomer 
cement (GIC) was introduced as an alternative to resin-based 
sealants. Their advantage is the hydrophilic nature of these 
cements, making application easier where moisture control 
can be a major problem and in developing countries.15 
Resin-based sealants have exhibited better retention than 

glass ionomer sealants. One advantage proposed by GICs is 
that they seem to exert a cariostatic effect, even after they are 
not present macroscopically. The fluoride released from glass 
ionomer can be taken up by the enamel.16

Polyacid-modified, resin-based composites, called 
compomers, have been used as pit and fissure sealants, 
combining some of the best properties of composites and 
glass ionomers. When compared to conventional GIC, 
this restorative material has shown: (1) better adhesion to 
enamel and dentin; (2) lower water solubility; and (3) low 
dehydration susceptibility or split formation. The fluoride 
release of these restorative materials, however, is smaller and 
less effective than conventional glass ionomer and resin-
modified glass ionomer.12

The ability of fissure sealants to prevent fissure caries is 
also related to sealant retention, and the successful appli-
cation of fissure sealants is dependent upon good clinical 
technique.

Because occlusal sealing is the most effective method 
for caries prevention on pit and fissure surfaces, the aim 
of this study was to verify the retention and effectiveness 
of caries prevention in occlusal surfaces after the use of 2 
fluoride-containing materials: (1) FluroShield, a resin-based 
sealant; and (2) Compoglass, a polyacid-modified, resin-
based composite. 

METHODS
SUBJECTS

A convenience sample of 57 children aged 7 to 9 years was 
selected from a public elementary school. The study was car-
ried out in Piracicaba, São Paulo, Brazil—an area with fluo-
ridated water supply. Each child showed high caries activity 

Table 1. Procedures Used for Materials Application

Material Surface cleaning Isolation Acid etching Bonding agent Material 
application

Occlusal check

Compoglass 
 A3 shade

Tooth-brushing/ 
washing

Cotton rolls; 
washing/drying

No Syntac single 
component; 

Light curing 20 s; 
second layer/light 

curing 20 s

Adaptation with a 
suitable instrument; 

light curing 40 s

Articulation paper

FluroShield 
 Opaque

Tooth-brushing/ 
washing

Washing/drying 35% phosphoric 
acid–30 s

No Probe Articulation paper

Figure 1. Survival curves (log-rank test) for Compoglass (blue line) and FluroShield (green line), concerning total 
retention (A), partial retention (B), and total loss (C).
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(presence of decayed primary teeth 
or white spots) and had sound and 
completely erupted first permanent 
molars, totaling 228 teeth. Written 
informed consent was obtained 
from the parents of all children par-
ticipating in the study. All consent 
forms and experimental procedures 
were previously approved by the 
Ethics Committee of the School of 
Dentistry of Piracicaba, University 
of Campinas, São Paulo, Brazil.

CLINICAL EXAMINATIONS

Using a dental mirror and artificial 
light to determine the DMFT in-
dex, the same examiner conducted 
the clinical examinations. Selection 
criteria included the presence of 4 
sound and fully erupted permanent first molars. The children 
needing restorative dental care were referred to the Pediatric 
Dental Clinic of the School of Dentistry of Piracicaba for 
free treatment. All children received oral hygiene instruc-
tions and extra restorative treatment. The city of Piracicaba 
is a fluoridated water region since 1984 where only fluoride 
toothpastes are available.

SEALING

The 228 teeth were divided into 2 groups, according to each 
material used, in a split-mouth design as follows: 
 1. Group I—the left upper first molar (No. 14) and the 

right lower first molar (No. 30) were sealed using a 
resin-based sealant, FluroShield (Dentsply Interna-
tional, York, Pa); and 

 2. Group II—the right upper first molar (No. 3) and 
the left lower first molar (No. 19) were sealed using 
a compomer, Compoglass (Vivadent Ets, Fl-9494 
Schaan/Liechtenstein). 

The teeth were cleaned using a child-sized toothbrush 
and water prior to sealant application. Both materials were 
applied under relative isolation (cotton rolls and portable 
saliva ejector) by one operator (MEBG) with a dental 
student assisting. The main clinical procedures used in the 
material application are described in Table 1. The same 
operator applied both materials. The sealants were applied 
in the standard manner, according to the manufacturers’ 
instructions, using an explorer tip, cotton pliers, and mouth 
mirror (Table 1). 

EVALUATION

The retention of the materials was assessed after 6, 12, and 
24 months by the same examiner. Sealant retention was 
clinically evaluated as total retention, partial retention, 
or total loss using the tactile-visual method (mirror and 
explorer). The incidence of caries was also reported. At 
the 12- and 24-month evaluations, the sealants were not 

replaced even after partial or total loss of the sealant. The 
examiner was properly trained and calibrated in DFMT 
data collection.

STATISTICAL ANALYSIS
The data from the 6-, 12-, and 24-month evaluations were 
compared statistically using the log-rank test. At 24 months, 
the data were analyzed statistically using the chi-square test 
for independent samples, comparing teeth type and sealant 
material within retention category. The level of significance 
was set at P<.05. 

RESULTS
The 6-, 12-, and 24-month results are shown in Table 2. 
The retention rates for each material and the mandibular and 
maxillary teeth are displayed in Table 3. At the 24-month fol-
low-up, 56% of the sealed teeth (228/128) were unavailable. 
This was because either the children had moved or Class I 
restorations were inserted on sealed teeth by unknown dental 
professionals, which did not allow for evaluation. 

At 24 months, there were no significant differences in 

Table 2. Compoglass and FluroShield Retention after 6-, 12-, and 24-month Recall

Material

Retention after 6 months

 Total Retention  Partial Loss  Total Loss Total

 Compoglass 68 (60%) 26 (23%) 20 (17%) 114

 FluroShield 60 (53%) 35 (31%) 19 (16%) 114

Retention after 12 months

 Compoglass 44 (38%) 43 (38%) 27 (24%) 114

 FluroShield 49 (43%) 37 (32%) 28 (25%) 114

Retention after 24 months

 Compoglass 11 (22%) 26 (52%) 13 (26%) 50

 FluroShield 10 (20%) 16 (32%) 24 (48%) 50

Table 3. Relationship Among the Retention Rates 
for Compoglass and FluroShield to Maxillary and 
Mandibular Teeth at 24 Months.

Teeth Compoglass retention

Total retention* Partial loss Total loss Total

3 8 (73%) 10 (38%) 7 (54%) 25

19 3 (27%) 16 (62%) 6 (46%) 25

Total 11 26 13 50

FluroShield retention

14 2 (20%) 9 (56%) 14 (58%) 25

30 8 (80%) 7 (44%) 10 (42%) 25

Total 10 16 24 50

*Chi Square for independent samples (chi square=5.838; 
P=0.0157)
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retention between FluroShield and Compoglass. Compo-
glass demonstrated 22% total retention of all teeth sealed 
and evaluated after 24 months. Among those teeth, 73% 
were upper teeth and 27% lower teeth. For FluroShield, a 
similar percentage of total retention was found (20%) for all 
teeth examined after 24 months. The lower teeth, however, 
showed a higher total retention rate (80%). There was a 
significant difference between lower and upper teeth for 
both materials (P<.05) concerning total retention (P=.0157) 
at 24 months.

DISCUSSION
Sealed pits and fissures have reduced the incidence of dental 
caries in occlusal surfaces.17-19 This was confirmed in the 
present study.

Resin-based pit and fissure sealants demonstrated suc-
cessful retention, such as total or partial retention. Some 
other materials, such as GIC, resin-modified GIC, and 
flowable resin-based composites, are used as sealants.17,19,20 
All these materials have adhesive properties and do not need 
open cavities to apply them. The fluoride-releasing property 
may contribute to surface remineralization.21-29 

The total retention rate for FluroShield, the resin-based 
sealant used in this study, was similar to that found for 
Compoglass, a polyacid-modified, resin-based composite. 
Although the total retention rates could be considered low, 
an increase in dental caries was not observed during the 
study period (24 months).

In this study, the total retention rate for FluroShield was 
relatively similar to that found by Smales and Wong20 using 
Delton (Dentsply International, York, Pa) (32%) for 24 
months. On average, the performance of FluroShield and 
Compoglass was similar after 24 months. These findings 
are consistent with other reports30 showing a decrease in 
retention over time.

Several factors can be related to the retention of a mate-
rial on the dental surface. The material characteristics and 
adhesive properties are the most important factors. Consid-
ering that both materials used in this study were resin-based 
(which have hydrophobic monomers), the quality of etched 
enamel surfaces could influence the retention rate and may 
contribute to the low rates for total retention observed. This 
study was conducted in a public health setting, and it was 
not possible to use a rubber dam to eliminate or reduce 
moisture contamination. The materials were applied using 
relative isolation (cotton rolls and saliva ejector). 

Grande et al31 observed in vitro that Delton and Flu-
roShield—both hydrophobic sealants—when applied under 
humid conditions were completely lost in all cases. The use 
of relative isolation might not prevent contamination of 
the etched surface. This may have been the reason for the 
retention failures in this study.

The total material loss on the occlusal surface was ob-
served in 26% and 48% of the Compoglass and FluroShield 
sealed teeth, respectively, after 24 months. This could be 
considered a low retention rate for both materials. The 

retention performance for both materials demonstrated a 
linear coefficient. FluroShield, however, showed a higher 
tendency for total loss compared to Compoglass. It should 
be noted that, even in the clinical absence of the material 
on the occlusal surface, an increase in occlusal caries inci-
dence was not observed. Using a compomer, Pereira et al32 
observed that 73% of the sealed teeth had no sealant pres-
ent on the occlusal surface after 48 months and the caries 
incidence was 16%, representing an annual increase of 4%. 
The present study showed that, even when the materials 
were partially lost, no caries was observed.

The partial retention rates of the materials used in this 
study increased with time. During this study, the higher 
percentage of partial retention of the material was observed 
with Compoglass, except in the 6-month evaluation, where 
FluroShield showed a higher percentage of partial retention. 
Using a polyacid-modified, resin-based composite (Vari-
Glass LD Caulk, Milford, Conn), Pereira et al32 reported 
that, 48 months after application, the material was present 
in two thirds and one third of the pit extension in 8% and 
14% of the teeth examined, respectively.

Considering the total retention of the materials, Flu-
roShield demonstrated better results in the lower teeth 
(80%). The pattern of total retention for FluroShield was 
similar to that found by Rock et al,23 verifying much higher 
full retention on lower molars than on upper molars at each 
recall. It may be possible that the tooth-color appearance 
of some of the materials tested may have made clinical 
detection of the sealant more difficult and led to an under-
estimation of the sealant retention.

In addition, due to the isolation technique chosen in this 
study, the upper arch presented a greater moisture control 
problem compared to the lower arch. This fact may have in-
fluenced the material retention. It is also possible, however, 
that the proximity of the palatal pit to the gingival margin 
and crevicular fluid may have moistened the etched surface 
and influenced the retention of the FluroShield sealants on 
the upper molars. 

In a study by Straffon et al33 analyzing the effect of isola-
tion on efficacy of a sealant (Delton) for 36 months, 61% of 
the total number of retreated sealants were on mandibular 
teeth. In that study, one group of teeth was isolated with a 
rubber dam and the other with cotton rolls. No tooth under 
treatment with a sealant became carious. 

Despite the low retention shown at the end of this 
study, caries increment was not observed. This is interest-
ing, because the data reported in the literature suggest that 
deficient sealants are not effective in caries prevention. Any 
considerable “partial loss” sealant is as equally susceptible 
to caries as an unsealed control tooth. Chestnutt et al34 re-
ported that 23% of deficient sealants were scored as carious 
after 4 years, compared with a 21% caries rate on surfaces 
originally scored as sound but not sealed. The sealant may 
have stayed in enamel microporosites, even after it had been 
considered clinically lost. In these situations, the resin tags 
embedded in the etched enamel will still offer bacterial 
invasion protection to the pits and fissures.
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Another issue to be considered in the efficacy of sealing to 
prevent occlusal caries is the material’s antibacterial activity. 
FluroShield showed antibacterial activity on S mutans and 
Streptococcus sobrinus, perhaps due to fluoride release. Loyola-
Rodríguez and García-Godoy14  showed that Helioseal (Viva-
dent Ets, Fl-9494 Schaan/Liechtenstein) and Teethmate-F 
(Kuraray Dental, Düsseldorf, Germany) had antibacterial 
effects in vitro. They observed that Teethmate-F was the only 
active material in the study and showed more than 4 times 
more fluoride release than FluroShield. 

Karanika-Kouma et al,35 however, showed that adhesive 
bonding systems and polyacid-modified, resin-based com-
posites exhibited various degrees of antibacterial activity. 
They also suggested that these properties may reduce the 
consequences of microleakage. This property of polyacid-
modified, resin-based composites was attributed to their 
chemical composition (resin-based composite and glass 
ionomer). It should also be considered that, if the fluoride 
release is a factor in a material’s antibacterial effect, this 
category of material has a significantly lower fluoride release 
when compared with glass ionomers.35,36 Future investiga-
tions should establish the minimum amount of fluoride 
release to provide an anticariogenic effect. 

In this study, it was not possible to conclude that the 
remaining sealant and the antibacterial activity of fluoride 
were factors influencing the observed caries protection. 

Despite the success obtained in preventing caries in this 
study, the authors did not consider the other factors that 
interfere in the etiology of the decay. Therefore, longer-term 
clinical studies should be performed.

CONCLUSIONS
Based on this study’s results, it can be concluded that:
 1. When evaluated 24 months after being applied, total 

sealant retention was significantly different between 
FluroShield and Compoglass concerning upper and 
lower teeth. FluroShield and Compoglass showed 
significantly higher total retention rates when applied 
in lower teeth and in upper teeth, respectively.

 2. During the follow-up period, both materials effectively 
prevented caries in occlusal surfaces, although both 
showed low retention rates. 
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