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Clinical Application of Bioactive Glass 45S5 Air-Abrasion for Selective Caries Removal: A Case Report
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ABSTRACT

	Background: Dental caries is a complex and dynamic pathological condition with multiple etiologies. It is the most prevalent non-communicable disease encountered in dental clinics. Recently, bioactive glass air-abrasion has gained considerable attention as a promising technique for promoting dentin remineralisation and enhancing the longevity of restorations.  
Aims: This case report aims to demonstrate the clinical application and effectiveness of bioactive glass 45S5 air-abrasion as a selective caries removal technique prior to adhesive restoration. The approach prioritises dentin preservation, promotes remineralisation, and contributes to the longevity and quality of the restorative outcome.
Presentation of Case: A patient presented to the dental clinic with active carious lesions on the occlusal and buccal surfaces of posterior teeth. Clinical and radiographic examinations confirmed the presence of dentin caries without pulpal involvement. The carious tissue was selectively removed using bioactive glass 45S5 air-abrasion, preserving affected dentin near the pulp while maintaining sound peripheral dentin and enamel for optimal sealing. Following caries removal, an adhesive system was applied, and the teeth were restored using composite resin. The treatment resulted in excellent aesthetic and functional outcomes, with no postoperative sensitivity or complications reported.
Discussion: The management of dental caries has shifted toward minimally invasive strategies that preserve healthy dental structures. Selective caries removal, when combined with bioactive materials like bioactive glass 45S5, offers additional benefits such as dentin remineralisation and improved restoration longevity. Although the literature supports the remineralising potential of 45S5 bioactive glass, its influence on adhesive bond strength remains under investigation. In this case, the technique proved clinically effective, suggesting that air-abrasion with bioactive glass can be a viable adjunct in conservative caries management.
Conclusion: This case highlights the effectiveness of bioactive glass 45S5 air-abrasion in selective caries removal, providing a predictable, conservative, and biologically favourable approach. The technique supported functional and aesthetic restoration without postoperative sensitivity, reinforcing its potential as a valuable tool in contemporary restorative dentistry. Further controlled trials are warranted to confirm long-term adhesive performance.




Keywords: Bioactive glass, Selective Removal, Minimally Invasive Dentistry, Caries, adhesive restoration.


1. INTRODUCTION 

Dental caries is the most prevalent non-communicable disease encountered in dental clinics. It is characterised as a biofilm-sugar-dependent disease, resulting from an imbalance in the demineralisation/remineralisation process that affects dental structures—namely enamel, dentin, and cementum, due to the acids produced by the metabolic activity of the dental biofilm on dietary sugars (Batista, Vasconcelos, & Vasconcelos, 2020). Untreated caries can progress into the tooth root canal and produce abscesses. Unhealthy behaviours, poor oral hygiene, and lack of fluoride exposure are substantial contributing factors to the disease process (Spatafora et al., 2024). 
According to Nigel et al. (2017), the frequent intake of dietary carbohydrates leads to the overproduction of acids and selects for acidogenic and aciduric bacterial species. As a result of this imbalance, the disease manifests clinically in its early stages as active white spot lesions in the enamel or, in more advanced stages, as dentin cavitations and/or pulp necrosis. Therefore, effective caries management is directly related to the patient’s adherence to behavioural changes and the appropriate indication of clinical interventions (Large et al., 2023).
According to Silva et al. (2017), therapeutic approaches in cariology can be classified into three groups. The first group comprises invasive approaches, which involve the selective removal of carious tissue using manual and/or rotary instruments, and are commonly followed by restorative protocols, preferably with adhesive materials such as burs and curettes. The second group includes microinvasive techniques, which aim to avoid unnecessary tissue removal and preserve tooth structure for as long as possible. These include sealants, resin infiltration, and bioactive glass air-abrasion (Sheiham & James, 2015). Finally, the third group involves non-invasive approaches, which do not include any tissue removal, such as sugar intake control, biofilm management, and the use of fluoride or other remineralising agents (Inchingolo et al., 2023). Bioactive glasses are used in numerous medical applications due to their high biocompatibility, antibacterial properties, and functional characteristics (Abushahba et al., 2025).
In line with Minimally Invasive Dentistry (MID) principles, Tumenas et al. (2014) emphasise the preservation of sound hard dental tissues and the minimisation of unnecessary alterations. Currently, partial caries removal, aimed at maintaining pulp vitality, is considered the treatment of choice for acute and deep carious lesions—provided that appropriate diagnostic principles are respected. This approach significantly reduces the risk of pulp exposure and postoperative pulp symptoms. Additionally, gradual excavation techniques provide a favourable environment for pulp healing and dentin formation, contributing to a better prognosis (Clarkson et al., 2021).
Bioactive glass air-abrasion has gained significant attention as it is a promising approach for inducing dentin remineralisation and improving restoration longevity (Kaimonov & Safronova, 2023). For this technique, bioactive glass 45S5 is used—a calcium/sodium phosphosilicate that reacts with body fluids to induce hydroxyapatite [Ca₁₀(PO₄)₆(OH)₂] formation, according to Bakry et al. (2014). In carious dentin, it can inhibit demineralisation, bacterial growth, and the enzymatic activity of matrix metalloproteinases due to the pH elevation promoted by its high ionic release (Lizzi et al., 2017). In 1969, Professor Larry Hench developed the first bioactive glass (BG), named 45S5. Currently, this biomaterial has a multitude of applications in the biomedical field (Maximov et al., 2025). 
This material presents several advantages, including the absence of pain during the more conservative operative procedure, selective removal of infected dentin, and reduced vibration and heat generation. However, it also presents limitations, such as the inability to remove thick carious tissue and defective restorations, the risk of accidental ingestion, and limited tactile feedback (Fernando et al., 2017).
Currently, bioactive glass air-abrasion is employed in dentistry for various procedures, including air polishing, dentin desensitization, enhancing surface free energy and wettability of sandblasted titanium discs (Abushahba et al., 2020), eliminating biofilm from titanium surfaces contaminated with S. mutans, F. nucleatum, and P. gingivalis (Faleh et al., 2019), selectively removing residual orthodontic adhesives without damaging enamel (Taha et al., 2017), enamel white spot lesion remineralization (Milly et al., 2015), and cutting various dental materials (Umair et al., 2017).
The physical properties of bioactive glass suggest it may be effective for selective carious dentin removal. However, current evidence is insufficient regarding the interaction of bioactive glass particles with dentin following caries removal and their effect on the longevity of adhesive systems and restorations (Mocquot et al., 2020).
Therefore, the objective of the present work is to report a clinical case demonstrating the technique and effectiveness of bioactive glass 45S5 air-abrasion for the selective removal of carious tissue prior to composite resin restoration.

2. PRESENTATION OF CASE 


A 21-year-old male with light skin (leucoderma) presented to the Restorative Dentistry Clinic of Paulo Picanço Faculty – FACPP with the chief complaint of "the need for restorations." During the anamnesis and medical history review, no systemic conditions, pain, or sensitivity were reported.
Intraoral clinical examination revealed a white spot lesion with early cavitation on the main fissure of tooth 46, and in tooth 47, a brown discolouration in both the primary and secondary fissures, along with a subtle white spot lesion surrounding an amalgam restoration on the buccal surface. Additional visual signs included changes in colour, opacity, and translucency of the enamel, which clearly outlined areas of alteration (Figure 1).
This study followed the ethical principles and guidelines established by Resolution 466/12 of the Brazilian National Health Council. The participant signed an informed consent form, and the study was approved by the Research Ethics Committee of the Paulo Picanço Faculty for the purpose of conducting this clinical investigation.
As a clinical operative strategy, the proposed treatment plan consisted of the selective removal of carious enamel using 45S5 bioactive glass air-abrasion, followed by adhesive restoration of the affected tooth. The patient was monitored over a period of six months, with clinical progress documented through radiographs, photographs, clinical evaluations, and sensitivity tests.
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Fig 1. Initial clinical appearance of teeth 46 and 47[image: https://lh7-us.googleusercontent.com/wysZqpzb0CsrLxwdYNIE0UotuM8NYFnAxulaFKfJNdS7vmqX4oKV5E84P4W0KfyYwdi4HmKkJxZ32noRAUDcc8_NvhteCEaUjjRDbH9bIJm6Jzry9eGTKkhzbUb-aH2MTeeN9v5ynOlZdiFptdSnpRo]






















Fig 2. Periapical radiographic examination of teeth 46 and 47


As a complementary examination, a periapical radiograph was requested, which confirmed the presence of dentin caries in the involved teeth (Figure 2).
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Fig 3 . Selective removal of infected enamel from teeth 46 and 47


Following inferior alveolar and buccal nerve block anaesthesia with lidocaine hydrochloride and epinephrine (Alphacaine 100, DFL, Rio de Janeiro, Brazil), the coronal opening of tooth 46 was initiated through the occlusal surface using a spherical diamond bur (Invicta FG 1014HL, American Burrs, Porto Alegre, RS, Brazil). Subsequently, coronal access was performed on tooth 47 through both the occlusal and buccal surfaces.
Selective removal of the infected enamel was performed on both teeth using a minimally invasive approach (Figure 3), followed by air-abrasion with 45S5 bioactive glass to further debride the carious tissue and stimulate dentin remineralisation (Figure 4).
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Fig 4. Air-abrasion with 45S5 bioactive glass on teeth 46 and 47
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Fig 5. Final restoration using light-cured composite resin.


The restorative procedure included selective enamel etching with 37% phosphoric acid (All Prime Dental Products, São José, SC, Brazil) for 30 seconds, rinsing with water for 60 seconds, and thorough air-drying. A universal adhesive system (Ambar Universal APS, FGM, Joinville, SC, Brazil) was applied in two active layers: the first applied for 20 seconds, followed by 10 seconds of air-drying, and the second for another 20 seconds. Light curing was carried out for 40 seconds using the Optilight D700 unit (Saevo, Cordoba, Argentina).
The cavities were then restored using light-cured composite resin Opallis® (FGM, Joinville, SC, Brazil) in shades A2D and A1E. Finishing was performed using a flame-shaped diamond bur (3118F, KG Sorensen, São Paulo, Brazil), and polishing was completed using the Ultra-Gloss kit (American Burrs, Porto Alegre, RS, Brazil) in combination with Diamond Excel polishing paste (FGM, Joinville, SC, Brazil) (Figure 5).

The patient returned to the Paulo Picanço Faculty for a follow-up evaluation six months after the procedure. A periapical radiograph was taken (Figure 6), along with a clinical photograph of the restored teeth (Figure 7). The restoration was found to be intact and clinically satisfactory, with no signs of failure, and the patient remained asymptomatic.
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Fig 6. Six-month periapical radiograph of teeth 46 and 47
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Fig 7. Clinical photograph of the restoration after six months
Note: The restoration remained satisfactory, with no signs of failure, and the patient reported no symptoms.

3. DISCUSSION AND Conclusion

Dental caries is a complex and dynamic pathological condition with multiple etiologies. Its initiation and progression are primarily controlled by microbial and host-related factors, such as frequent and unbalanced carbohydrate intake (Cantoral et al., 2021). Characterised by an intrinsic relationship between biofilm and dietary sugars, the process involves the fermentation of sucrose by acids and its metabolism into intra- and extracellular polysaccharides by microorganisms present in the biofilm. This leads to a dysbiotic imbalance in the dental structures, resulting in disruptions in the demineralisation and remineralisation processes (Pham & Nguyen, 2018).
Drancourt et al. (2019) classified the stages of carious lesions based on activity, visual signs, and lesion extent. As caries activity progresses, the lesion environment undergoes modifications that result in progressive mineral loss, evolving from small lesions to increasing levels of structural damage. This process may eventually lead to cavitation and destruction of affected tooth structures. These changes are reflected in clinical features such as surface texture, translucency, and colour—parameters crucial for staging the lesion.
Caries typically begins on the tooth surface and can affect the enamel, dentin, and, in more severe cases, the dental pulp. The choice of treatment depends on the severity of the lesion. In milder cases where the pulp is not affected, the recommended approach is restorative treatment. This involves direct restorations using composite resin or amalgam. However, these materials may develop marginal defects that can lead to secondary caries (Moussa et al., 2022).
Secondary caries are defined as lesions that develop adjacent to existing restorations, most frequently at the cervical margins. These areas are prone to biofilm accumulation due to issues such as bacterial microleakage, gaps, and marginal defects—particularly in proximal boxes (Pinto et al., 2023). In the clinical case discussed, the patient presented with a white spot lesion around the buccal amalgam restoration on tooth #47, a typical characteristic of secondary caries, which can be clinically indistinguishable from primary caries, as described by Nedeljkovic (2015).
Currently, various therapeutic strategies are employed for caries management, beginning with non-invasive methods such as topical fluoride application, use of fluoridated toothpaste, regular dental visits, and oral health education. When carious tissue is present, the removal of infected dentin becomes necessary (Cury et al., 2016). The conventional technique for selective caries removal involves mechanical instruments such as low-speed steel burs and manual tools like spoon excavators. However, this method carries the risk of removing healthy dentin, depending on the operator's skill—especially when using rotary instruments (Figundio et al., 2023).
An alternative microinvasive approach aims to preserve as much healthy tooth structure as possible, minimising unnecessary removal. The use of dental sealants protects tooth surfaces, particularly pits and fissures, from caries development. Additionally, air-abrasion with bioactive glass has emerged as a technique that not only selectively removes infected tissue but also conservatively promotes remineralisation of demineralised enamel (Bezerra et al., 2018).
Modern operative dentistry embraces a minimally invasive approach, integrating prevention, remineralisation, and conservative intervention when placing or replacing restorations. This approach prioritises the preservation of tooth structure and reduction of unnecessary intervention (Tumenas et al., 2014). Therefore, in the case presented, carious tissue was initially removed using a low-speed handpiece and carbide bur #4, followed by selective removal of deeper infected dentin using 45S5 bioactive glass air-abrasion.
The use of bioactive glass, especially the 45S5 formulation, has gained prominence in dentistry. When applied to the dental substrate, it stimulates remineralisation by forming carbonated hydroxyapatite (HCA). With a high bioactivity index, 45S5 bioglass adheres well to both hard and soft tissues and demonstrates excellent biocompatibility (Zhang et al., 2021). It also promotes remineralisation of enamel and dentin with low cytotoxicity to pulp cells and possesses notable antimicrobial properties (Rehab et al., 2022).
In caries-affected dentin, bioactive glass may form a mineral-rich “bioactive smear layer” that promotes dentin remineralisation. The interaction between bioactive glass and body fluids supports the deposition of hydroxyapatite and repair of dental hard tissues. Moreover, air-abrasion with bioactive glass results in rounded internal cavity angles, which reduce composite polymerisation shrinkage stress, minimise patient discomfort, and enable selective carious dentin removal (Ramadoss, Padmanaban, & Subramanian, 2021).
Wu et al. (2020) investigated the remineralisation effects of 45S5 bioactive glass on artificially induced dentin caries. Their findings demonstrated significant increases in surface microhardness and the formation of a remineralised zone. The particles of 45S5 adhered to dentin and facilitated the formation of a hydroxyapatite layer with a structure similar to dental enamel and dentinal tubules (Salah et al., 2022).
After caries removal, the next critical step is restoration. This begins with the application of phosphoric acid, which demineralises the dentin to expose collagen fibres and enhances micromechanical retention of the resin composite. The hybrid layer formation aims to infiltrate these interfibrillar spaces. However, excessive exposure of collagen may lead to hydrolysis and collapse of the fibrils, compromising the adhesive interface and promoting gap formation (Bakry et al., 2014).
Cavity preparation is, therefore, essential. The prior use of bioactive glass not only aids in selective caries removal but also facilitates the creation of rounded internal cavity contours, minimising polymerisation stress (Frazão et al., 2015). In the clinical case described, selective caries removal using 45S5 bioactive glass air-abrasion provided a pain-free, comfortable procedure that supported the stability and longevity of the final composite restorations.
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