A Seal of Protection: Narrative Review of Fissure Sealants in Paediatric Dentistry
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Abstract. Dental caries remains the primary cause for people, particularly children, to seek dental care. The majority of paediatric patients attend appointments accompanied by their parents due to dental pain, although many also seek dental care for routine examinations. Caries can affect the occlusal surfaces of posterior teeth, even at the onset of eruption. The dental architecture features numerous pits and fissures, which can harbour caries-inducing germs if not adequately cleansed. Fissure sealant is a therapy applied to the grooves and indentations on the chewing surfaces of teeth susceptible to cavities, forming a protective layer that adheres to the teeth and inhibits the proliferation of cavity-inducing bacteria. Suppressed bacterial activity also diminishes the likelihood of caries in the pit and fissure regions.
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INTRODUCTION
Dental caries remain one of the most widespread chronic diseases globally, especially impacting children and adolescents. Notwithstanding the prevalent use of fluoride toothpaste and community fluoridation, the occlusal surfaces of posterior teeth continue to be especially vulnerable to caries owing to their complex fissures, which tend to harbour plaque and are challenging to clean adequately. In response to this ongoing issue, pit and fissure sealants were implemented in the 1960s as a preventive strategy. These materials create a physical barrier across vulnerable grooves, restricting microbial colonisation and preventing cariogenic processes prior to the onset of demineralisation[1].
Throughout the decades, advancements have resulted in the creation of resin-based sealants, glass ionomer cement sealants, and hybrid materials. Resin-based sealants, especially light-cured variants, have superior retention rates—approximately 80% at two years—while glass ionomer-based sealants average around 44% retention over the same duration[2,3,4]. Recent reviews of several studies agree that sealants, whether made of resin or glass ionomer, significantly lower the risk of occlusal caries compared to not using any treatment, and the difference between the two types of sealants is usually not statistically significant. Nonetheless, resin-based materials typically provide enhanced retention, presumably due to improved micromechanical bonding after acid-etching processes[5].
Considering the changing dynamics of materials, application methods, and clinical protocols, practitioners require a comprehensive synthesis of contemporary evidence. This manuscript seeks to examine the indications and contraindications for the application of fissure sealants, as well as to compare the performance, retention, and caries-preventive efficacy of resin-based, glass ionomer-based, and hybrid sealants.  
HISTORY OF FISSURE SEALANT
The notion of safeguarding pits and fissures from degradation originated more than a century ago. In 1803, Hunter noted that caries commonly formed in the depressions of molars. In 1895, Wilson and associates conducted experiments on sealing cracks with zinc phosphate cement, and in 1905, Miller used silver nitrate for its antibacterial properties. In the 1920s, Hyatt (1921) proposed prophylactic odontotomy, which entailed the widening of fissures for enhanced cleaning. Subsequently, Bödecker (1926–1929) utilised mechanical preparation, followed by sealing with oxyphosphate cement. Ammoniacal silver nitrate was utilised by Kline & Knutson in the 1940s, while chemical agents such as zinc chloride and copper amalgam were introduced in the 1950s[4]. 
A major breakthrough came in 1955 when Buonocore introduced the acid-etch technique using phosphoric acid, establishing a foundation for adhesive bonding of resin materials to enamel[6].Cueto and Buonocore produced the first sealing material, methyl cyanoacrylate, in the mid-1960s, but due to its vulnerability to bacterial deterioration, they never brought it to market. Simultaneously, Bowen developed bisphenol-A glycidyl methacrylate (Bis-GMA), which established the foundation for resin-based sealants owing to its robustness and stability[1,6].
In 1972, Nuva Seal®, the first commercially successful sealant, made use of UV-activated cyanoacrylate. The first UV-activated sealants were quickly replaced by a newer type called chemically cured dimethacrylates (Bis-GMA), which worked better at sticking and preventing cavities for up to seven years after they were applied. Research from the 1970s onwards has shown that second- and third-generation sealants last longer and better protect against cavities than the first-generation UV-cured ones. A significant study found that after 5–7 years, nearly one-third of first-generation sealants were still intact, while about two-thirds of second-generation sealants remained in place. A notable study indicated that after 5–7 years, almost one-third of first-generation sealants remained intact, in contrast to two-thirds of second-generation sealants[3,6,7].
McLean and Wilson introduced glass ionomer cement (GIC) sealants in 1974, although some sources date them to 1972. These sealants chemically adhered to dental substrates, produced fluoride, and showed superior moisture tolerance; however, they often displayed lesser retention compared to resin kinds. Clinical experiments conducted in the 1980s and 1990s validated the enhanced caries-preventive efficacy of resin-based sealants, exhibiting retention rates markedly superior to those of UV-cured predecessors (about 60–70% at 5–7 years). Subsequently, advancements in materials have persisted, encompassing self-etch adhesives, fluoride-releasing composites, and hybrid sealants such as compomers and resin-modified glass ionomers[6,8].
MATERIALS OF FISSURE SEALANT
The retention of the sealant is crucial for its therapeutic efficacy. The factors influencing retention include pit fissure form, adequate isolation, enamel conditioning, application processes, and material qualities such as surface tension and adhesion. The geometric arrangement of fissures, along with the physicochemical properties and polymerization shrinkage of the sealant, influence the penetrability of the sealant[9].
Sealant materials are categorized into two primary groups: resin-based sealants and glass ionomer cement-based sealants. Glass ionomer sealants are made from a type of glass powder and a water-based acid solution, while resin-based sealants are made from specific chemical compounds called urethane dimethacrylate (UDMA) or bisphenol A-glycidyl mathacrylate (bis-GMA) monomer. The primary advantage of resin-based goods is their cost-effectiveness[10].
Technological advancements parallel the evolution of fissure sealing materials. Moreover, researchers have developed sealant materials utilizing resin modified glass ionomer cement (RMGIC) and compomer substances. A glass ionomer that incorporates resin is known as resin-modified glass ionomer. Resin-modified glass ionomer has enhanced physical properties relative to traditional glass ionomer. It offers an extended working duration and increased water tolerance. Meanwhile, ompomers are hybrid sealants composed of both resin-based and glass ionomer-based materials. In comparison to traditional glass ionomers, they exhibit reduced water solubility and heightened technique-sensitivity[11].
Conventional glass ionomer materials have also been employed as pit and fissure sealants. It conducts an acid-base reaction between a polyacrylic acid solution and fluoroaluminosilicate glass powder, facilitating the chemical attachment of the material to enamel and dentin. Glass-ionomer sealants excel in their capacity for continuous fluoride release and fluoride recharge capability. Glass-ionomer sealants can be categorized into low-viscosity and high-viscosity materials[12]. Due to their hydrophilic properties, glass ionomer sealants find use in situations where achieving effective moisture control is challenging. Nevertheless, these sealants also possess several drawbacks, including poor abrasive strength, high solubility in oral fluids, and thus, a reduced retention rate relative to resin-based sealants[13]. Despite the assertion that glass-ionomer sealants exhibit low resistance to masticatory forces and inferior retention rates compared to resin sealant, it possesses numerous advantages. The implementation of glass-ionomer sealants is more straightforward than that of resin sealant. It adheres to the teeth through a chemical reaction and can be applied without prior treatment. Furthermore, glass-ionomer sealants exhibit moisture insensitivity and facilitates adhesion and fluoride release[14].
Continuous fluoride release is a benefit of employing glass ionomer as a sealant. This sealant is hydrophilic, and its caries-preventive effect may persist despite the material's apparent absence. Glass ionomer serves as an effective transitional sealant for deciduous molars exhibiting extensive cracks and presenting challenges in isolation due to the child's noncompliance. This material may also confer advantages for partially erupted permanent molars that are at elevated risk for caries[15].
Resin sealants are categorized into four generations. The first iteration employed the acid etch process using cyanoacrylate material. These substances were supplanted by second-generation sealants, which demonstrated resistance to degradation and formed a robust bond with etched enamel. The second-generation resin sealants are dimethacrylates derived from the reaction of BIS-GMA. This formulation is regarded by its creator as a combination of methacrylate and epoxy resin. Second-generation sealants provide enhanced retention and caries prevention. The third generation has light-activated resins that use diketone initiators, such as camphorquinone, and reducing agents, like tertiary amines, to begin the polymerization process. The fourth generation comprises fluoride-releasing sealants with antimicrobial characteristics. This pertains to a caries prevention program, however this generation could not provide fluoride release for a long period of time[16].
Glass ionomers and resin sealants are widely accessible in the marketplace. Nonetheless, the application of resin sealant is technique-dependent and affected by variables such as patient compliance, operator inconsistency, and contamination of the working area[17]. Resin sealants are of great value especially on the vulnerable surfaces of first and second adult molars. The enamel structure of primary molars may compromise sealant adhesion as etching is not as effective. Resin based sealants are very technique sensitive so are of little value if moisture control is difficult to achieve[18]. 
Both children and adults can derive advantages from sealants; however, their efficacy is maximized when applied early. The greatest risk of occlusal caries is thought to occur during tooth eruption and in the subsequent years, attributed not only to mineral immaturity due to the absence of post-eruptive maturation but also to increased dental plaque accumulation resulting from infra-occlusion[19]. Sealants must be applied to all permanent molars devoid of cavitation, those free of caries, those exhibiting deep pit and fissure morphology, those with sticky fissures, or those with stained grooves as soon as isolation can be accomplished post-eruption. Sealants must not be applied to partially erupted teeth or teeth exhibiting cavitation or dentin caries. Sealants ought to be applied to the primary molars of children predisposed to caries. Sealants must be applied to the first and second permanent molars within four years after their eruption[16]. 
APPLICATION OF FISSURE SEALANT
The fissure sealant application technique depends on the material used. When using glass ionomer sealant material the tooth was cleansed using a brush and pumice combined with water for debris elimination. Next isolated the tooth with a rubber dam, and dried using a cotton pellet or air syringe. The cavity conditioner was applied with a micro brush for around 10 seconds and subsequently dried by blotting with a cotton pellet. The material was prepared in accordance with the manufacturer's specifications and applied to the pits and fissures, ensuring complete coverage and the exclusion of air bubbles. A protective layer of petroleum jelly was applied against moisture using finger pressure soon after setting, followed by the removal of the rubber dam. The sealed surface was inspected for high points and corrected as needed[17].
While using resin sealants, the occlusal surface of the tooth was cleansed using a brush and pumice/water to eliminate gross debris, and the tooth was isolated with a rubber dam. The etchant was applied for 20 seconds, washed with water, and dried with oil-free air in accordance with the manufacturer's instructions. The tooth surface was examined for a white, frosty look to verify etching. After this step, the resin-based sealant was applied directly to the etched surface following the manufacturer's instructions and then light-cured for 20 seconds using an explorer tip. Upon curing, the sealant was inspected with an explorer to ensure that no voids were present and that all pits and cracks were adequately sealed. The rubber dam was removed, and the occlusal high point was assessed with articulating paper, followed by adjustments with a finishing bur if needed[17].
Effective sealant retention necessitates that the pits and crevices of the teeth are clean and devoid of excess moisture. The tooth, or its quadrant, designated for treatment with pit and fissure sealant must be isolated first. Rubber dam isolation is optimal but may be unfeasible in children under specific conditions. Cotton rollers or high-pressure saliva suction may also be utilized efficiently. Salivary contamination is the primary cause of sealant dislodgement within the first year post-application. Cotton roll isolation presents multiple benefits compared to rubber dam isolation, notably the absence of anesthesia necessity due to the lack of clamps on the tooth. The cotton roll can be secured using a holder or your fingers[15,18].
The procedures for applying sealant differ based on the applicator included with each product. The sealant is administered to the prepared tooth surface. The sealant is applied judiciously and thereafter distributed delicately. The sealant is subsequently cut with the tip of an explorer or probe to facilitate its entry into the pits and crevices. Meticulously and gradually applying the sealant during the procedure can avert the formation of air bubbles. When applying sealant, it is imperative to exercise caution to prevent the application of excessive material[20].
Sealant material should be applied immediately following the emergence of the posterior teeth, as this is when the risk of dental caries is highest. The initial two to four years following the eruption are the optimal period for silanization. Only teeth with unrestored occlusal surfaces were eligible for sealing. Teeth exhibiting dental cavities that have progressed to the dentin cannot be sealed and must be repaired. Narrow and deep holes and cracks exhibit greater retention and pose challenges for effective cleaning, rendering them more prone to degradation. The retentive morphology of the occlusal surface is characteristic of permanent molars, whereas primary molars typically lack retentive pits and fissures[11]. 
Sealants must be applied to all permanent caries-free molars, those exhibiting deep pit and fissure morphology, molars with adhesive fissures, or molars with discolored grooves immediately following eruption. Parents must be educated about dental sealants to make an informed decision for their children[16]. 
It is crucial to recognize that not every tooth will necessarily be damaged; thus, the identification of children and teeth requiring sealants is a critical step. Sealants only work on pits and fissures that are at risk of caries. The presence of carious lesions in primary dentition is one of the most reliable indicators of caries risk in permanent dentition. This results from the convergence of factors including elevated levels of cariogenic bacteria in these children's mouths, inadequate oral hygiene, and carbohydrate intake. Furthermore, the depth of pits and fissures serves as an additional reliable predictor of dental caries[21].
The morphology of the tooth fissure greatly influences the penetration of sealant materials[22]. The eruption time does not affect the shape of this fissure. U-shaped fissure has form with approximate uniformity in width from top to bottom. V-shaped fissure is broad at the apex and progressively tapering towards the base. I-type fissure has exceedingly tiny aperture. IK-type fissure looks very tiny aperture with an expanded area at the base. Inverted Y-shaped fissure has bifurcating cracks like the letter "Y"[20].
evaluation of fissure sealant
It is essential to clinically evaluate sealed teeth at periodic recall visits to assess the efficacy of the sealant. Regular recall and reapplication of sealants are essential, as it is predicted that 5% to 10% require repair or replacement annually. Should a sealant be partially or entirely compromised, any discoloured or defective residual sealant must be excised, and the tooth should be re-assessed. A novel sealant may be applied utilizing the method previously delineated[23].
There is a possibility that the follow-up term for pit and fissure sealants, which might continue for three, six, or twelve months, is still thought to be insufficient. This assumption is due to the understanding that dental caries is a chronic, non-infectious illness that develops over an extended period. Identifying cavities typically requires many months. Glass ionomer-based sealants hold fluoride, which helps keep fluoride levels in saliva high and shows properties that prevent cavities. An additional critical factor to consider is that the use of glass ionomer-based sealants typically elevates fluoride concentrations in saliva while staying undamaged[24].
Preventive care is more sustainable and less expensive in comparison. A comparison of restorative and surgical treatments[23]. The integration of sealant and fluoride rinse programs markedly diminishes the occurrence and prevalence of pit, fissure, and smooth surface caries in schoolchildren from fluoride-deficient areas[20]. Currently, particularly during childhood, essential dental hygiene education and preventative measures are implemented to reduce the incidence of caries in both childhood and adulthood[25]. 
CONCLUSION
In conclusion, fissure sealants have demonstrated efficacy as a preventative strategy in the management of dental caries, especially on the occlusal surfaces of permanent molars in children and adolescents. The evidence consistently confirms its efficacy in markedly decreasing caries incidence when appropriately applied and maintained. Resin-based and glass ionomer sealants have unique benefits, with the selection relying upon clinical conditions, patient compliance, and caries resistance. Nevertheless there can be variation in long-term retention rates, consistent follow-up and reapplication as required can guarantee their sustained efficacy. Fissure sealants are essential for current preventive dentistry and should be implemented as comprehensive caries treatment strategies.
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