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Abstract

Dental caries is a highly prevalent and destructive oral disease impacting physical
health, quality of life, and overall well-being. Effective preventive strategies like
dental sealants are crucial for maintaining oral health. This comprehensive review
provides an in-depth understanding of dental sealants’ classification, mechanisms,
effectiveness in caries prevention and arrest, clinical indications, longevity, and factors
influencing success.

Dental sealants are classified into resin sealants, glass ionomer sealants, and hybrid
sealants based on their material composition. They prevent caries by creating a
physical barrier, facilitating oral hygiene, and releasing remineralizing ions. Numerous
studies demonstrate their effectiveness, with resin sealants reaching up to 92%
preventive fraction at 6 months and 61% at 60 months.

Dental sealants are recommended for patients with high caries risk, both primary and
permanent teeth, sound tooth surfaces, and non-cavitated caries lesions. Their
application on occlusal fissures, smooth surfaces, fully/partially erupted molars, and
teeth with fluorosis is supported by evidence. Adequate moisture control, proper
surface preparation with pumice cleaning and acid etching, and judicious use of dental
adhesives optimize sealant longevity.

While resin sealants generally exhibit superior retention, the choice of material should
consider caries risk, eruption status, and fluorosis presence. Ongoing research and
advancements in dental materials will further enhance sealants’ efficacy and longevity,
solidifying their role in modern preventive dentistry as part of a comprehensive caries
management approach.

Introduction:

Dental caries, commonly known as tooth decay, is a highly prevalent oral disease
worldwide, affecting billions of people across all age groups (Global Burden of Disease
Collaborative Network, 2019; Pitts et al., 2017). It is a progressive and destructive process
that can lead to pain, infection, and ultimately tooth loss if left untreated (Passarelli et al.,
2020). The consequences of dental caries extend beyond physical health, impacting
quality of life, self-esteem, and overall well-being (Bukhari, 2020; Kaur et al., 2017;
Kastenbom et al., 2019). Given the significant burden of dental caries, effective preventive
strategies are crucial for maintaining oral health and reducing the associated costs and
complications.

One of the most effective and widely recognized preventive measures for dental caries is
the application of dental sealants. Dental sealants are protective coatings that are applied
to the pits and fissures of tooth surfaces, providing a physical barrier against the
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accumulation of plaque and the entry of cariogenic bacteria and food debris (Yu et al.,
2021). By sealing these vulnerable areas, dental sealants can significantly reduce the risk
of caries development and progression.
The concept of dental sealants dates back to the early 20th century, with pioneers like
Hyatt and Buonocore exploring different approaches to eliminate fissures and prevent
caries (Hyatt, 1923; Buonocore, 1955, 1970). Over the years, dental sealants have
evolved, incorporating various materials and advanced technologies, and their application
has been recognized and endorsed by professional organizations such as the American
Dental Association (Council on Dental Materials Devices and Council on Dental
Therapeutics, 1971).
This comprehensive review aims to provide an in-depth understanding of dental sealants,
their classification, mechanisms of action, effectiveness in caries prevention and arrest,
clinical indications, longevity, and factors influencing their success. By synthesizing the
latest research and evidence-based practices, this review seeks to inform clinicians,
researchers, and policymakers about the critical role of dental sealants in contemporary
caries management strategies.
Classification of Dental Sealants:
Dental sealants can be broadly classified into three categories based on their material
composition: resin sealants, glass ionomer sealants, and hybrid sealants (Gizani, 2018; Ng
etal., 2023).
1. Resin Sealants:
Resin sealants are the most commonly used type of dental sealants. They contain
an organic resin-based oligomer matrix, typically composed of monomers such
as Bisphenol A-glycidyl methacrylate (Bis-GMA), Urethane-dimethacrylate
(UDMA), or Triethylene glycol dimethacrylate (TEGDMA\) (Pratap et al., 2019;
Sanders, 2016). Resin sealants may also contain fillers, fluoride particles, or
photoinitiators to enhance their properties and performance.
Resin sealants can be further categorized based on their polymerization mechanism:
a. Auto-cure resin sealants: These sealants undergo auto-polymerization, initiated by
chemical reactions between tertiary amines and benzoyl peroxide, without the need for
an external light source (Sanders, 2016).
b. Light-cure resin sealants: These sealants require an external light source, typically
visible light, to initiate the polymerization process through the dissociation of
photoinitiators into free radicals (Kowalska et al., 2021; Worzakowska, 2021).
Additionally, resin sealants can be classified based on their ability to release fluoride ions:
a. Fluoride-releasing resin sealants: These sealants contain fluoride particles or fluoride-
releasing glass fillers, providing an additional mechanism for caries prevention through
the release of fluoride ions (Poggio et al., 2016).
b. Non-fluoride-releasing resin sealants: These sealants do not contain fluoride and rely
solely on their physical barrier properties for caries prevention.
Furthermore, resin sealants can be categorized as filled or unfilled, depending on the
presence of filler particles, which can influence their wear resistance and viscosity (Faria
etal., 2021; Reddy et al., 2015).
2. Glass lonomer Sealants:
Glass ionomer sealants are another important category of dental sealants. They
are composed of fluoroaluminosilicate glass powder and polyacrylic acid liquid
(Nicholson, 2016; Shahid & Duminis, 2019). Glass ionomer sealants can be
further divided into two types:
a. Conventional glass ionomer sealants: These sealants set through an acid-base reaction
between the glass powder and polyacrylic acid liquid (Nicholson, 2016).
b. Resin-modified glass ionomer sealants: These sealants incorporate resin-based
monomers, such as 2-hydroxyethylmethacrylate (HEMA) or UDMA, into the
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conventional glass ionomer formulation, setting through a combination of acid-base
reactions and resin polymerization (Ana & Anggraeni, 2021; Kim et al., 2015; Shen et al.,
2022).
Glass ionomer sealants are known for their ability to release fluoride ions, which can
promote remineralization and inhibit cariogenic bacterial growth (Ramamurthy et al.,
2018).
3. Hybrid Sealants:
Hybrid sealants represent a relatively new category that combines properties of
both resin and glass ionomer materials. These include:
a. Compomer sealants: Also known as polyacid-modified composite resins, compomer
sealants contain non-reactive inorganic filler particles, reactive silicate glass particles, a
polyacid-modified monomer, and a photoinitiator (Shen et al., 2022).
b. Giomer sealants: Giomer sealants are composed of pre-reacted glass ionomer (PRG)
filler particles and a resin-based monomer matrix, providing both fluoride release and
improved physical properties (Rusnac et al., 2019).
Dental sealants can also be classified based on their color, with clear, white, and pink
being the most common options. Clear sealants allow for better monitoring of underlying
lesions, while colored sealants may be easier to visualize during follow-up examinations
(Fontana et al., 2014).
Mechanisms of Dental Sealants in Caries Prevention and Arrest:
Dental sealants employ several mechanisms to prevent and arrest dental caries, including
the creation of a physical barrier, facilitation of oral hygiene practices, and the release of
ions that promote remineralization (Ng et al., 2023).

1. Physical Barrier:

By sealing the pits and fissures of tooth surfaces, dental sealants create a physical
barrier that prevents the accumulation of plaque biofilm and the entry of
cariogenic bacteria and food debris (Ng et al., 2023; Yu et al., 2021). This barrier
disrupts the caries process by depriving the bacteria of the necessary
environment and nutrients for their growth and acid production.

2. Ease of Cleaning:
Dental sealants can improve oral hygiene practices by transforming the complex,
plaque-retentive fissure system into a smoother, easier-to-clean surface (Balian et
al., 2022; Ng et al., 2023). With the fissures sealed, it becomes easier for patients
to effectively remove plaque and debris during routine brushing and flossing,
further reducing the risk of caries development.

3. lon Release:

Several types of dental sealants, including glass ionomer sealants, hybrid
sealants, and some resin sealants, are capable of releasing ions that can inhibit
demineralization and promote remineralization of tooth structures (Alsabek et
al., 2019; Cagetti et al., 2014; Kaga et al., 2014; Ogawa et al., 2022).
a. Fluoride release: Fluoride ions released from fluoride-containing sealants can reduce
demineralization, promote remineralization, and inhibit the growth of cariogenic bacteria
(Johnston & Strobel, 2020; Philip, 2019).
b. Antimicrobial ion release: Some giomer sealants release antimicrobial ions, such as
borate and strontium, which can inhibit bacterial growth and serve as buffers against
lactic acid produced by cariogenic bacteria (Kaga et al., 2014; Ogawa et al., 2022).
The combination of these mechanisms provides a multifaceted approach to caries
prevention and arrest, making dental sealants a highly effective and valuable tool in
contemporary caries management strategies.
Effectiveness of Dental Sealants in Caries Prevention and Arrest:
Numerous studies have demonstrated the effectiveness of dental sealants in preventing
and arresting dental caries, particularly in the past decade (2012-2022). Notably, the
preventive fraction of resin sealants can reach up to 92% at 6 months (Gongalves et al.,
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2016), 88% at 18 months (Uzel et al., 2022), and 61% at 60 months (Liu et al., 2018).
Similarly, glass ionomer sealants have demonstrated preventive fractions of 92% at 6
months (Gongalves et al., 2016) and 88% at 18 months (Uzel et al., 2022). However, the
evidence on hybrid sealants is more limited.
In addition to caries prevention, dental sealants have also shown promising results in
arresting non-cavitated caries lesions. Several studies have reported the successful arrest
of non-cavitated caries, including dentinal caries, through the application of resin or glass
ionomer sealants (Alsabek et al., 2019; Borges et al., 2012; Hesse et al., 2014; Jaafar et
al., 2020). However, the effectiveness of dental sealants in arresting cavitated caries
remains controversial, with some studies reporting positive outcomes (Kasemkhun et al.,
2021; Mufoz-Sandoval et al., 2019) and others suggesting limited effectiveness
(Beresescu et al., 2022).
Longevity of Dental Sealants:
The longevity and retention of dental sealants are crucial factors influencing their
effectiveness in caries prevention and arrest. For resin sealants, retention rates range from
11% to 89% at 6 months (Alsabek et al., 2019; Gongalves et al., 2016; Mohapatra et al.,
2020), 18% to 88% at 12 months (Askarizadeh et al., 2017; Bhatia et al., 2012; Kumaran,
2013; Khatri et al., 2015; Mathew et al., 2019; Ntaoutidou et al., 2018; Prathibha et al.,
2019; Reddy et al., 2015; Ulusu et al., 2012), 24% to 70% at 18 months (Al-Jobair et al.,
2017; Uzel et al., 2022), and 21% to 80% at 24 months (Antonson et al., 2012; Chen &
Liu, 2013; Haricharan et al., 2022; Ozgirr et al., 2022; Reic et al., 2022; Ulusu et al., 2012).
For glass ionomer sealants, retention rates range from 49% to 63% at 6 months (Alsabek
et al., 2019; Gongalves et al., 2016; Mohapatra et al., 2020), 21% to 78% at 12 months
(Bhat et al., 2013; Mathew et al., 2019; Prathibha et al., 2019; Ulusu et al., 2012), and
14% to 44% at 24 months (Antonson et al., 2012; Chen & Liu, 2013; Haricharan et al.,
2022; Ozgir et al., 2022; Reic et al., 2022; Ulusu et al., 2012).
For hybrid sealants, limited data is available, with retention rates ranging from 8% to 26%
at 12 months (Ozgrr et al., 2022; Siripokkapat et al., 2018).
While these retention rates vary across studies and follow-up periods, it is evident that
regular monitoring and potential reapplication of dental sealants may be necessary to
maintain their protective effects over time.
Indications for Dental Sealant Placement:
Based on the available evidence, dental sealants are recommended for a wide range of
clinical scenarios and patient populations. The following factors should be considered
when determining the indications for dental sealant placement (Ng et al., 2023):
1. Caries Risk of the Patient:
Dental sealants are particularly beneficial for patients with a high caries risk, as
they have been shown to be more effective and cost-effective in this population
(Akinlotan et al., 2018; Griffin et al., 2016). Patients with high caries risk should
be prioritized for dental sealant application.
2. Types of Dentition:
Dental sealants are recommended for both primary and permanent teeth.
Systematic reviews and meta-analyses have demonstrated the effectiveness of
resin sealants in preventing caries in permanent molars for up to 4 years
(Ahovuo-Saloranta et al., 2017; Lam et al., 2021; Wright et al., 2016).
Additionally, dental sealants have been found to be effective in preventing caries
in primary teeth, with evidence supporting their use as a cost-effective approach
(Ramamurthy et al., 2018, 2022).
3. Caries Status of the Tooth:
Dental sealants are highly effective in preventing caries on sound tooth surfaces.
Numerous studies have reported significantly lower caries incidence rates on
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sealed sound surfaces compared to unsealed surfaces (Ahovuo-Saloranta et al.,
2017; Godhi et al., 2021; Lam et al., 2021; Wright et al., 2016).
Furthermore, dental sealants have demonstrated the ability to arrest non-cavitated caries
lesions (Alsabek et al., 2019; Borges et al., 2012; Urquhart et al., 2019). Several studies
have shown that the chance of arresting or reversing non-cavitated occlusal caries is 2-3
times higher with dental sealants compared to no treatment (Fontana et al., 2014; Urquhart
et al., 2019). However, the effectiveness of dental sealants in arresting cavitated caries
remains controversial, with some studies reporting positive outcomes (Kasemkhun et al.,
2021; Mufoz-Sandoval et al., 2019) and others suggesting limited effectiveness
(Beresescu et al., 2022).
4. Types of Tooth Surfaces:
Dental sealants are commonly applied to occlusal fissure surfaces, where they
have demonstrated significant effectiveness in caries prevention (Ahovuo-
Saloranta et al., 2017; Lam et al., 2021). However, recent studies have also
supported the application of dental sealants on axial smooth surfaces, including
proximal surfaces, to prevent and arrest non-cavitated and micro-cavitated caries
lesions (Basili et al., 2017; Chen et al., 2021; Lindquist & Emilson, 2020; Soto-
Rojas et al., 2012).
5. Eruption Status of the Tooth:
Dental sealants can be applied to both fully erupted and partially erupted molars.
However, it is important to note that the retention rate of sealants in partially
erupted molars may be lower due to challenges in achieving adequate moisture
control and the difficulty in accessing these surfaces (Antonson et al., 2012;
Moreira et al., 2017). In cases where partially erupted molars are to be sealed,
glass ionomer sealants may be a better choice than resin sealants due to their
improved moisture tolerance.
6. Presence of Dental Fluorosis:
Dental sealants can be applied to teeth affected by dental fluorosis. In these
cases, the choice of seal
ant material becomes crucial, with studies suggesting that resin sealants exhibit higher
retention rates compared to glass ionomer sealants on fluorotic permanent molars
(Hasanuddin et al., 2014).
Operative Factors Affecting Sealant Longevity:
The longevity and effectiveness of dental sealants are influenced by several operative
factors, including moisture control, tooth surface preparation, and the application of dental
adhesives (Ng et al., 2023).
1. Moisture Control:
Achieving adequate moisture control is critical for successful sealant placement
and retention. Saliva contamination has been shown to significantly increase
microleakage and reduce the shear bond strength of dental sealants (Bao et al.,
2022; Memarpour et al., 2018, 2021; Paryab, 2013). Several studies have
compared different isolation methods, such as rubber dams, cotton rolls, and
dental isolation systems, and found no significant differences in sealant retention
rates among these techniques (Bandi et al., 2021; Lyman et al., 2013; Mattar et
al., 2023). However, patient preference and chair time may influence the choice
of isolation method (Mattar et al., 2021).
2. Tooth Surface Preparation:
Proper tooth surface preparation is essential for optimal sealant adhesion and
penetration. The following techniques have been explored:
a. Surface Cleaning: Cleaning the tooth surface with pumice slurry has been shown to
significantly improve sealant retention compared to no treatment or dry brushing alone
(Hegde & Coutinho, 2016; Sridhar et al., 2016). Air polishing has also been suggested as
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a superior method for surface cleaning (Ansari et al., 2022), but caution should be
exercised due to the potential risk of subcutaneous emphysema (Alonso et al., 2017).
b. Mechanical Preparation with Dental Burs: Mechanical preparation with burs before
sealant placement is generally not recommended, as studies have found no significant
difference in retention rates between teeth prepared with or without burs (Nahid et al.,
2012).
c. Mechanical Preparation with Lasers: The use of lasers, such as Er,Cr:YSGG or
Er:-YAG, for surface preparation has shown inconsistent results in terms of improving
sealant retention or shear bond strength compared to conventional acid etching (Ciucchi
et al., 2015; Durmus et al., 2017; Karaman et al., 2013; Rattanacharoenthum et al., 2019;
Yilmaz & Keles, 2020; Zhang et al., 2019).
d. Mechanical Preparation with Air Abrasion: Current evidence suggests that air abrasion
prior to sealant placement does not significantly improve retention rates or penetrability
compared to acid etching alone (Bhushan & Goswami, 2017; Cho et al., 2015; Fumes et
al., 2017; Reddy et al., 2014).
e. Chemical Preparation with Acid Etching: Acid etching with 37% phosphoric acid for
30 seconds remains the standard of care for enamel pretreatment before resin sealant
application (Bagherian & Sarraf Shirazi, 2016; Lo et al., 2020; Markovic et al., 2019).
f. Fluoride Varnish Pre-treatment: The use of fluoride varnish prior to sealant placement
is not recommended, as studies have shown no improvement in caries prevention or
sealant retention, and potential adverse effects on shear bond strength and microleakage
(Frazer et al., 2017; Germéan-Cecilia et al., 2018; Lakshmi et al., 2018).
3. Application of Dental Adhesives:
The use of dental adhesives prior to sealant placement has been explored, with
mixed results. While some studies have reported increased bond strength and
reduced microleakage with the use of adhesives (Attar et al., 2021; Bagherian et
al., 2016; Bao et al., 2022), others have found no significant improvement in
sealant retention (Bandi et al., 2020; Nazar et al., 2012). Among adhesive
systems, etch-and-rinse adhesives have generally shown better performance than
self-etch adhesives in improving sealant bond strength (Bagherian et al., 2016;
Botton et al., 2016; Martignon & Zarta, 2017).
Conclusion:
Dental sealants represent a highly effective and valuable strategy for caries prevention and
management in contemporary dentistry. This comprehensive review has highlighted the
diverse classifications of dental sealants, their mechanisms of action, clinical
effectiveness, indications for use, longevity, and factors influencing their success.
The available evidence strongly supports the use of dental sealants, particularly resin and
glass ionomer sealants, for preventing and arresting non-cavitated caries lesions in both
primary and permanent dentitions. Their ability to create a physical barrier, facilitate oral
hygiene practices, and release remineralizing ions contributes to their protective effects
against caries development and progression.
While resin sealants generally demonstrate superior retention rates, the choice of sealant
material should be guided by factors such as caries risk, eruption status, and the presence
of dental fluorosis. Proper operative techniques, including adequate moisture control,
surface preparation, and the judicious use of dental adhesives, play a crucial role in
optimizing sealant longevity and effectiveness.
As dental caries remains a significant public health concern worldwide, the
implementation of effective preventive strategies like dental sealants is essential. By
incorporating the latest evidence and best practices, dental professionals can maximize
the benefits of dental sealants and contribute to improved oral health outcomes for patients
across all age groups.
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It is important to note that dental sealants should be part of a comprehensive caries
management approach that includes regular oral hygiene practices, dietary modifications,
and periodic professional evaluations. Ongoing research and advancements in dental
materials and techniques will further enhance the efficacy and longevity of dental sealants,
solidifying their role as a cornerstone in modern preventive dentistry.
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