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A B S T R A C T

Objective: To summarize the available clinical evidence on the relative effectiveness of retention of resin-based pit
and fissure sealants (PFS) with that of flowable composites on occlusal surfaces of permanent teeth when eval-
uated in clinical trials.
Sources: Electronic searches were performed in PubMed and Cochrane Library for the identification of relevant
studies, from their inception until February 2020 and an additional search was done with the reference lists of
included articles.
Study selection: The review protocol followed the PRISMA guidelines and was registered in PROSPERO
(CRD42018112805). The risk of bias of the studies was independently appraised using the revised Cochrane Risk
of Bias tool (RoB 2.0).
Data: Ten articles were considered relevant for qualitative synthesis. The data extracted from two of the included
articles showed statistically significant difference between the two materials based on their retention potential, of
which one article favored superior retention of flowable composites and one article favored higher retention of
PFS and the other eight studies showed no significant difference between the two materials.
Conclusion: The current review has shown evidence suggesting the effective retention of resin-based pit-and-
fissure sealants and flowable composites when applied to prevent occlusal caries in permanent molars, however,
this evidence is of low quality. Carefully designed long-term clinical trials are required to support the results of
this review.
Clinical significance: This is an important topic that would be of significant interest in the field of preventive
dentistry, where sealants are the primary recommended method to prevent caries. The clinical efficacy of sealants
is directly linked to their potential to retain and this systematic review focuses on comparing the relative
effectiveness of resin-based pit-and-fissure-sealants with flowable composites in permanent teeth.
1. Introduction

Dental caries is a disease induced by the shift in the balance of activity
and composition of the biofilm microflora when exposed to fermentable
carbohydrates over a period of time, disturbing the demineralization-
remineralization equilibrium [1, 2, 3]. In 2015, the ADA published the
Caries Classification System, which defines a non-cavitated lesion as
“initial caries lesion development, before cavitation occurs.
Non-cavitated lesions are characterized by a change in color, glossiness,
or surface structure as a result of demineralization before there is
macroscopic breakdown in surface tooth structure” [1, 2]. Eventually,
the need for standardization of caries detection and diagnosis in differing
environments led to the development of International caries detection
du.in (A. Ganesh).

August 2020; Accepted 15 Septe
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and assessment system (ICDAS). ICDAS has a scoring system that encodes
sound tooth surface with no evidence of caries after 5 seconds of
air-drying as score 0 [4].

Over the past several decades, the prevalence of caries has diminished
in developed countries [5], owing to various means of preventing them
either by averting their onset or by implementing interventions, which
may halt progression in the early stage of the disease [1, 2, 3]. However,
the decline in caries in the occlusal surfaces of permanent teeth has not
kept pace with that of those on the smooth surfaces [1, 6].

The occlusal surfaces, especially those on permanent molars,
encompass pits, that are small pinpoint depressions located at the junc-
tion of developmental grooves and fissures, that are deep clefts between
adjoining cusps [7]. The dental plaque, when accumulated in these pits
mber 2020
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Table 1. Search strategies and electronic databases searched.

Search strategies and electronic databases searched:

Pubmed: 63

((((((((pit and fissure sealants)) OR fissure sealants) OR dental sealants) OR (pit and fissure
sealants[MeSH Terms]))) AND (((flowable composite) OR composite resin[MeSH Terms])
OR dental flowable resin composite)) AND ((retention) OR retention time)) AND
(((permanent teeth) OR adult) OR secondary teeth)

Cochrane: 17

#1 fissure

#2 MeSH descriptor: [Pit and Fissure Sealants] explode all trees

#3 dental

#4 resin

#5 composite

#6 sealant

#7 (#1 or #3 or #4 or #5) and #6

#8 #2 or #7

#9 flowable composite

#10 dental flowable resin composite

#11 #9 or #10

#12 retention

#13 #8 and #11 and #12

Clinical trial registry (clinicaltrials.gov.in): 33

Pit and fissure sealants

Fissure sealants

Dental sealants
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and fissures, can mature undisturbed, making their mechanical removal
difficult. Hence, a comprehensive approach in preventing caries is by the
use of a fully-retained fissure sealant [8], which act locally by forming a
physical barrier between the fissure microflora and the oral environment,
thus averting the exchange of their metabolic products [1, 9].

A range of studies has been conducted in order to compare and verify
the advantages of the different materials used as fissure sealants. Deery
et al, confirmed that regarding the material used, there are no signifi-
cant differences between the use of resin-based and ionomeric-based
sealants [10]. The clinical efficacy of sealants is directly linked to
their potential to be retained in the occlusal pits and fissures [11] and it
has been reported that the major disadvantage of sealants, irrespective
of the material used, was their capacity to retain [12]. Any dental ma-
terial, when exposed to the oral environment, is subjected to varying
factors, like the salivary composition, pH, and flow. The salivary pH
ranges from neutral to acidic, and alterations in the mechanical prop-
erties of restorative materials can occur at lower pH levels. Various
other factors also impede sealant retention including polymerization
stress, thermocycling, water sorption, and deflection by occlusal forces,
and the literature indicates that about 5–10% of sealant volume is lost
per year [13].

By adding inorganic filler particles to sealant formulations, manu-
facturers attempted to increase their wear resistance. Amongst the
various materials being used as PFS, flowable composites are gaining
popularity, owing to their favorable properties such as easy handling, low
elastic modulus and low viscosity [13, 14, 15, 16, 17]. Flowable com-
posites have lower filler volume (37–53%) than conventional compos-
ites, that aids in modifying the viscosity of these materials [14], thereby
enabling them to be packed into small preparations that would be diffi-
cult to fill otherwise [15]. Studies have reported comparable retention
rates, greater wear resistance, and lower porosity for flowable composites
compared to conventional unfilled pit and fissure sealants [16–19].

There have been systematic reviews in the past that have evaluated
the clinical effectiveness and safety of pit and fissure sealants, either
alone or in comparison with another type of sealant material and fluoride
varnishes [20, 21]. However, the aim of the current systematic review
was to evaluate the relative effectiveness of retention of resin-based pit
and fissure sealants with flowable composites on occlusal surfaces of
permanent teeth when evaluated in clinical trials.

2. Materials and methodology

2.1. Protocol and registration

This review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement for reporting systematic reviews.
The protocol of the review study design was registered at the Prospective
register of systematic reviews (PROSPERO) under the registration num-
ber CRD42018112805.

2.2. Literature search strategy

For identification of studies for this review, a detailed search was
performed in the following databases: PubMed and Cochrane Central
Register of Controlled Trials, from their inception till January 2020. The
search terms followed the syntax rules adapted for each database based
on the PICOS question. Additional keywords related to the theme of this
review were used through the Boolean operators (OR, AND) to combine
search words (Table 1). A complementary search was also conducted by
screening the references of the selected articles, previously published
reviews in the topic, and textbooks to find any that did not appear in the
database search and also in the clinical trial registry
(clinicaltrials.gov.in).
2

2.3. Research question

The research question for this reviewwas formulated in PICOS format
(participants, interventions, comparisons, outcomes and study design),
based on PRISMA guidelines [22]: ‘Are resin-based pit and fissure seal-
ants (I) relatively effective in retention (O) on caries-free occlusal sur-
faces of permanent teeth (P) when compared to flowable composites (C)
when evaluated in clinical trials (S)?’

2.4. Eligibility criteria

The following eligibility criteria for the terms used in the research
were defined to identify clinical trials based on the elements of the PICOS
question:

1. Population (P):
- Studies on permanent teeth with no clinically detectable caries.
- Studies on which lesions were included in which no demineralized
tissue was removed (beyond acid etching for bonding) before the
application of the intervention.

- Studies on which lesions were diagnosed by visual/tactile assess-
ment/radiographs

2. Intervention (I): Pit and fissure sealants
3. Comparison (C): Flowable composites
4. Outcome (O): Retention of sealants (either complete or partial loss of

sealant on visual examination during periodic recall) with a follow-up
of at least 12 months.

5. Study design (S): Clinical studies (Randomized/controlled/split-
mouth clinical trials)

The following exclusion criteria were applied: (1) Studies on primary
teeth. (2) Studies with less than 12 months of clinical follow-up. (3)
Studies not in the English language. (4) Reviews, case reports and case
series, observational and descriptive studies, and laboratory research.



H. Ramesh et al. Heliyon 6 (2020) e04964
2.5. Inclusion and extraction of data

In the initial screening, two reviewers (H.R and R.A) evaluated
independently the titles and abstracts of retrieved publications related to
the encompassed research question. The full text screening of the articles
was then performed to identify the articles that met the inclusion criteria.

After the definition of the included articles, data extraction was per-
formed. Any disagreements in the inclusion of articles or data extraction
were resolved by a third reviewer (A.G). In case of missing or incomplete
data, authors were contacted to obtain more details by electronic
message.
2.6. Quality assessment

The risk of bias was assessed using ‘Cochrane Collaboration's tool for
assessing risk of bias'. The following domains were used to determine if
each component had a low, moderate or high risk of bias: sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, assessment of outcome data,
selective outcome reporting, other sources of bias. Studies with no ‘high
risk of bias’ ratings were considered to have an overall low risk of bias,
one ‘high risk of bias’ rating moderate risk of bias, and more than one
‘high risk of bias’ rating a high overall risk of bias.
Figure 1. A flow diagram showing the process fr

3

3. Results

3.1. Search results

A flowchart describing the selection process is shown in Figure 1.
With the defined criteria, the initial searches retrieved 143 potential
articles. Four articles were selected by manually screening the references
of previous reviews relevant to the title, making a total of 147 articles.
After duplicate removal, 138 articles remained; the title and abstract
screening revealed fourteen articles of relevance. After full-text
screening, four articles were excluded with reasons [9, 23, 24, 25]
(Table S1), and ten articles [16, 17, 18, 19, 26, 27, 28, 29, 30, 31] that
fulfilled the eligibility criteria were included in the present qualitative
review.
3.2. Study characteristics

The general information of the selected studies is summarized in
Table 2. The included ten articles were published between the years
2002–2019. These studies were carried out in Brazil [16], Florida [27],
Croatia [18, 28], Egypt [29], Iran [30], Turkey [17, 19, 26] and India
[31] and involved 533 patients in the age group of 4–22 years and a total
of 1800 permanent molars were sealed according to the intervention and
om identification to inclusion of the studies.
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comparison group of each included study. The follow-up interval of the
studies ranged from 1-24 months, with a period minimum of up to 12
months.

Three studies had isolated the teeth to be sealed with rubber dam [16,
29, 31], whereas the other studies had utilized cotton rolls and saliva
ejector as a means of isolation. Etching was done with 37% phosphoric
acid at varying time periods for each of the study, and the bonding agents
applied were cured for about 10–20 s and the pit and fissure sealants and
the flowable composites were cured for about 40 s in all the included
studies.

In the study by Amin [29], there was no loss of sealant in 96% of the
sealed teeth in all the groups for upto 2 years. The permanent teeth that
were sealed with flowable composite remained fully-sealed over a
one-year follow-up period in the randomized clinical trial by Corona et al
[16], whereas partial loss of sealant was noticed on two teeth in the
conventional PFS group. Jafarzadeh et al [30] noted partial loss of
flowable composite for four teeth at 12-month follow-up, and for six
teeth in the conventional fissure sealant group, however, for both the
materials, there was no total loss of sealants over 12-months follow-up. In
the study by Dukic et al [28], all materials showed the highest partial loss
of about one-third of the sealant after 24-month period. Within the
conventional PFS materials, the highest partial loss was established for
Teethmate F1 (30.0%), and the lowest for Helioseal Clear Chroma
(18.2%). Oba et al [17] noted lower complete loss rates in PFS group
compared to flowable composites over 24 month period, and partial loss
was noted in 16.2% of the PFS sealed teeth compared to both the flow-
able composites. Erdemir et al [19] observed total loss of sealants in four
subjects treated with flowable composite and only two subjects treated
with PFS showed total loss of sealants.

The results of the data extracted from two of the included articles
showed a statistically significant difference between the two materials
based on their retention potential, of which one article favored superior
retention of flowable composites [26] and one article favored higher
retention of PFS [17] and the other eight studies [16, 18, 19, 27, 28, 29,
30, 31] showed no significant difference between the two materials.

3.3. Risk of bias assessment

Figure 2 shows the methodological quality of the individual studies
evaluated using the Cochrane RoB 2.0 tool. Sixstudies [16, 17, 19, 27,
30] showed low risk of bias with regard to selection bias. Only three
studies [19, 26, 30] had blinded the outcome assessor, amongst which
only two [19, 26] had blinded the participant and personnel. There were
no concerns regarding attrition and reporting bias. Only Erdemir et al
[19] and Kucukyilmaz et al [26], presented with an overall low risk of
bias amongst the included studies.

4. Discussion

To improve the quality of this systematic review, we included only
clinical trials for the systematic review analysis. Also, only studies
involving conventional resin-based pit-and-fissure sealants and flowable
composites as the sealant materials by the investigators were included in
this systematic review. Two studies [19, 30] were single-blinded ran-
domized clinical trials, where the outcome assessor was blinded to the
treatment groups and only the study by Kucukyilmaz et al [26] was
double-blinded. In all the included studies, the teeth surfaces were
cleaned prior to treatment either by pumice prophylaxis or by scaling. In
the study by Corona et al, the dental surfaces were cleaned with pumice
in Robinson bristle brushes to remove salivary pellicle and the remaining
dental biofilm. Singh C et al [31] had advocated air abrasion as a measure
to reach the deep pits and fissures inaccessible with pumice prophylaxis
or acid etching and demonstrated that this pseudo-mechanical method
showed better retention of both conventional PFS and flowable com-
posites. Isolation with rubber dam was done in three studies to prevent
salivary contamination and facilitate operatory procedures. The



Figure 2. Risk of bias summary: review author's judgements about each risk of
bias item for each included study.
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additional step of etching with 37% phosphoric acid increases the surface
energy of the enamel and forms micro-retentive irregularities on the
surface of the enamel [26], which increases the overall retention.

Several authors have assessed the retention of sealants after one-year,
which might be considered as a short period for evaluation of clinical
success. According to Dennison et al, most sealant failures occur at six
months following application [32]. Hence the duration of 12 months was
considered as a minimum period required to be included in this review.
Five studies had a follow-up of up to 24 months [17, 19, 26, 28, 29].

Three studies [18, 19, 28] reported by visual examination, the pres-
ence or absence of caries in association with the placement of sealants for
varying follow-up periods. In one study [29], the author had reported the
occurrence of caries and the salivary antibacterial activity. It was found
that, despite the flowable composite performing better in retention rate,
the caries occurrence was higher with flowable composite and least with
glass-ionomer sealant than resin-based sealant. Similarly, there was a
maximum reduction of salivary Streptococcus mutans count for
glass-ionomer sealants, which may be reasoned out due to the
fluoride-releasing property of the ionomeric materials.
5

In his study, Autio-Gold [27] found that the unfilled sealant showed
better results compared to medium-filled composite, which was similar
to the results of Oba et al [17]. Jafarzadeh et al [30] found similar results
for both materials when used with adhesive systems. The higher filler
load of the flowable composite can affect their penetration capacity into
the deeper fissures, arguing why the conventional PFS, with their lowest
filler volume, performed better [19].

Erdemir et al [19] indicated that the retention rate was lower in
conventional PFS, whereas higher caries incidence was demonstrated by
flowable composite with no statistically significant difference between
the groups. The results of a 24-month evaluation by Kucukyilmaz and
Savas indicated that flowable composite used with an adhesive system
was superior to conventional resin-based sealants. In addition, a
self-adhesive flowable composite without an adhesive system was eval-
uated in their study, which showed the least retention amongst other
groups. However, the findings of Bagherian et al. [33]ndicated that an
adhesive system under resin-based sealants can increase their retention
potential, and this could have affected the results of the study by Kucu-
kyilmaz. Amin, in his study, found that the use of flowable composites as
fissure sealant materials yielded slightly better retention than the con-
ventional resin-based fissure sealant, where no adhesive system was used
in both the groups. In one of the hallmark study by Corona et al [16], the
authors had assessed the retention rate in both primary and permanent
teeth and found that there was complete retention of 95% for conven-
tional pit and fissure sealant group and 100% for the flowable composite
group over a one-year follow-up period in the evaluated permanent teeth.
Dukic et al [28] noted that amongst his experimental groups, there was
not a single case of caries incidence in the teeth sealed with the flowable
composite, deducing that flowable composite resins when used in com-
bination with dentin bonding agents, showed enhanced strength of the
adhesive bonding to enamel in fissures by the formation of resin-tags and
thus better retention rates. Additionally, an in-vitro study by Aguilar et al
[13] has reported superior performance of flowable composites than
conventional PFS with no statistically significant difference con-
cerningtheir depth of penetration and retention rates.

The high filler volume in flowable composites lowers their polymer-
ization shrinkage, thereby lowering the chance of microleakage, which
consequently ameliorates the retention. On average, about 5% volume of
the flowable composites undergoes polymerization shrinkage. Kusai
Baroudi et al, concluded that the filler-fraction of flowable composites
greatly influenced their polymerization shrinkage-strain [15]. Addition-
ally, the resin is elastic with less surface porosity and during mastication,
it has durability with contraction and expansion characteristics relative
to the enamel.Also, the wear resistance of the flowable composite is
improved due to the presence of higher filler content, thereby decreasing
the chance of partial or total sealant loss [34]. These factors could
contribute to the retention rate of flowable composites.

The results of the included studies presented with large hetero-
genicity through different statistical analysis and variations in method-
ology and scoring criteria, making it difficult to compare the results. The
risk of bias was high for most included studies [17, 19, 26, 27, 30], and
low for one study by Erdemir et al [19] in all the domains. To minimize
the risk of bias, it is expected that future researchmust be conducted with
high methodological rigor aimed at better matching of clinical parame-
ters used in the trials such as the type and viscosity of the materials used,
the method of application of the material, proper cleaning of pits and
fissures, appropriate acid etching of surfaces and maintaining a dry field
uncontaminated by saliva until the sealant is placed and cured is
mandatory. Variables like operator experience, familiarity and stan-
dardized scoring criteria should be encouraged to validate the findings.

5. Conclusion

The current review has shown evidence suggesting the effective
retention of resin-based pit-and -fissure sealants and flowable composites
when applied to prevent occlusal caries in permanent molars, however,
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this evidence is of low quality. With the current evidence of the included
studies, it is not possible to reach conclusions about the superiority of
retention rate of one material over the other.

To answer the question of the current review, further carefully
designed randomized clinical trials comparing the conventional fissure
sealants with flowable composites are required. Long-term trials
measuring the outcome of dental caries after sealant application in per-
manent teeth will provide better guidance for clinicians.
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