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ABSTRACT 

Bioactive glasses (BG) are ceramic materials whose chemical composition allows them to 

induce and conduct tissue mineralization. As these glasses can be obtained with the sol-gel 

method and in nanometric particle sizes, their indication has been extended and enhanced. 

The antibacterial properties of BG are outstanding: they are possible given the release of 

ions, which alkalinizes the medium, acting on the bacterial colonies.  

The medical and dental applications of these materials are wide, with an emphasis on bone 

regeneration, remineralization of hard dental tissues and treatment of hypersensitivity. However, 

as they are materials with an amorphous chemical structure, their mechanical properties are not 

good, this being their main limitation for clinical application in restorative dentistry. In this sense, 

scientific research has focused on determining the possibility of including BG in various dental 

materials as a way to combine bioactivity with appropriate mechanical properties.  

So far, it has not been possible to determine the proportion and methodology necessary to 

include BG in dental materials without altering their clinical behavior, which is why further research 

is necessary. 
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ABSTRACT 

Los vidrios bioactivos (VB) son materiales cerámicos con una composición química tal que 

poseen la propiedad de inducir y conducir la mineralización de los tejidos. La obtención de estos 
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vidrios por medio del método sol-gel y la posibilidad de obtener tamaño nanométrico de partícula, 

han ampliado y potenciado las indicaciones de estos materiales. 

Las propiedades antibacterianas de los VB son una característica sobresaliente; es debida 

a la liberación de iones que alcaliniza el medio, actuando sobre las colonias bacterianas.  

Las aplicaciones médicas y odontológicas de estos materiales son muy amplias, 

destacándose la regeneración ósea, la remineralización de los tejidos duros dentarios y el 

tratamiento de la hipersensibilidad. Sin embargo, por tratarse de materiales con estructura química 

amorfa, sus propiedades mecánicas no son buenas, siendo esta característica su principal 

limitación para la aplicación clínica en el área de la odontología restauradora. En este sentido las 

investigaciones científicas se han enfocado en determinar la posibilidad de incorporar VB a 

diversos materiales dentales como forma de combinar su bioactividad con propiedades mecánicas 

apropiadas.  

Hasta el momento no se ha logrado determinar la proporción y la metodología para 

incorporar VB en los materiales dentales sin alterar su comportamiento clínico, por lo que son 

necesarias más investigaciones. 

 

PALABRAS CLAVE: VIDRIOS BIOACTIVOS, ODONTOLOGÍA RESTAURADORA, 

REMINERALIZACIÓN 

 

RESUMO 

 

 Os vidros bioativos (VB) são materiais cerâmicos com uma composição 

química tal que eles possuem a propriedade de induzir e conduzir a mineralização 

dos tecidos. A obtenção desses vidros por meio do método sol-gel e a possibilidade 

de obtenção de partículas nanométricas ampliaram e reforçaram as indicações 

desses materiais. 

 As propriedades antibacterianas doVB são uma característica marcante; é 

devido à liberação de íons que alcaliniza o meio, atuando nas colônias bacterianas. 

 As aplicações médicas e odontológicas desses materiais são muito amplas, 

destacando-se a regeneração óssea, a remineralização dos tecidos duros e o 

tratamento da hipersensibilidade. No entanto, por serem materiais com estrutura 

química amorfa, suas propriedades mecânicas não são boas, sendo essa a sua 

principal limitação para aplicação clínica na área de odontologia restauradora. Nesse 

sentido, a pesquisa científica tem se concentrado em determinar a possibilidade de 

incorporar VB em vários materiais odontológicos, como forma de combinar sua 

bioatividade com propriedades mecânicas apropriadas. 
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 Até agora, não foi possível determinar a proporção e metodologia para 

incorporar VB em materiais odontológicos sem alterar seu comportamento clínico, 

razão pela qual mais pesquisas são necessárias. 

 
 

 

PALAVRAS-CHAVE: VIDRO BIOACTIVO, ODONTOLOGIA RESTORATIVA, 

REMINERALIZAÇÃO 

1 Restorative Dentistry, School of Dentistry, Universidad de la República, Montevideo, 

Uruguay. ORCID: 0000-0001-6162-1466 

Authorship contribution and collaboration statement 

1) Conception and design of study, 2) Acquisition of data, 3) Data analysis, 4) Discussion of 

results, 5) Drafting of the manuscript,6) Approval of the final version of the manuscript. 

 

MIG has contributed in: 1, 2, 3, 4, 5, 6. 

INTRODUCTION 

Remineralization is a process which involves restoring lost mineral ions to the dental 

structure, which enables the strengthening and functionality of the crystalline structure (1). 

Bones and teeth are incredibly complex organs, with a combination of different hard tissues 

(trabecular and compact bone, tooth enamel, dentin, dental cementum) and soft tissues (bone 

marrow, dental pulp, periodontal ligament). They have a unique hierarchical structure, with a 

combination of complex phenomena, such as biomolecular interactions, nutrient exchange or fluid 

transport (2). 

The interaction of materials with dental tissues is determined by a series of factors such as 

composition, particle size, the chemistry of the released elements and the ability of tissues to 

respond to these agents (3). Today's dentistry aims to repair damaged tissues and restore them to 

their natural condition, instead of replacing them with inert synthetic materials. Materials science 

not only studies the potential toxicity of materials but mainly focuses on the specific tissue 

responses they can trigger. 

New materials, among them BG, have emerged, which involve the development of 

techniques to remineralize dental structures and, in recent years, a new paradigm has been 

proposed in healthcare: regenerative dentistry. It proposes repairing damaged tissues using 
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mechanisms similar to those used by the body to renew cell populations. This approach requires 

using porous biomaterials, called scaffolds, which enable and favor the growth and organization of 

live tissue from cell cultures and appropriate biochemical factors, which induce and promote the 

regeneration of damaged tissue. This poses new challenges related to the development of 

appropriate three-dimensional scaffolds for cells to grow, proliferate and develop their specific 

function.BG can be used for this purpose since they meet the necessary requirements, such as 

osteoinduction, osteoconduction, biodegradability, biocompatibility, radiopacity, appropriate 

mechanical properties, ease of handling and sterilization (4). The addition of these glasses to other 

restorative dental materials is also being researched to provide bioactive and antimicrobial 

properties that could improve the prognosis for treatments. 

The aim of this review is to study BG further and to determine the possibility of including 

them in various restorative dental materials. 

 

METHODOLOGY 

 

The literature review was conducted in PubMed, Timbó and Scielo. The inclusion criterion 

was the date of the papers, including those published since 2000 (except for articles by Larry 

Hench which, due to their relevance, were included despite having been published before 2000) 

both in English and in Spanish. 

 

DEVELOPMENT 

 

The conceptual and technical evolution of these materials has progressed from avoiding 

damage, by using inert materials, then biocompatible materials and finally regenerative 

materials (5-7). These replace dental tissues by applying mechanisms which are similar to those 

occurring in the body (8). Bioactive materials are those which elicit a biological response in tissues 

resulting in a strong chemical bond between the material and hard and soft tissues (2,6,9). 

An ideal bioactive material should (10): 

a) be bactericidal 

b) be bacteriostatic 

c) be sterile 

d) stimulate dentin formation  

e) preserve pulp vitality.  

 

In 1969, Larry Hench developed bioactive glasses. Looking for a material that could bind to 

bone, he found a composition containing 45% by weight of silicon dioxide (SiO2), 24.5% by weight 
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of sodium oxide (Na2O), 24.5% by weight of calcium oxide (CaO), and 6% by weight of 

phosphorus oxide (P2O5), commercialized under the name Bioglass® 45S5 starting in 

1985 (2,11-12). 

                                   

Fig. 1. The image shows the formation of hydroxyapatite on the surface of the 

material and closely associated with collagen fibers (Hench, L. L. Bioceramics: from 

concept to clinic. Journal of the American Ceramic Society 1991;74(7): 1487-1510). 

 

 

 The first paper on BG was published in 1971 and showed in vitro and in vivo results of 

the bond between the bone and the BG. This chemical bond is extremely strong because of the 

binding to the collagen structure; however, this bond with organic structures wasn’t discovered until 

1981 (13) (Fig. 1). 

Glass was originally obtained with the traditional processing method which required subjecting 

a mixture of reagents, at appropriate molecular concentrations, to high temperatures (above 

1300oC), melting the oxides in a platinum crucible, and then quenching it. Quenching increases the 

viscosity, which causes glass to solidify. This method has several disadvantages, mainly due to the 

high temperatures used, which leads to a highly crystalline structure, which is considered to be 

insoluble in the physiological medium (9,14-16). 

Since 1991, this traditional method has been replaced by the sol-gel method, in which a 

chemical synthesis of silica precursors is used to form and assemble nanoparticles into a gel at 

room temperature (17). This new method has significant advantages: it requires significantly lower 

temperature (600 to 700oC), the glasses obtained are more pure and homogeneous, the ability to 

better control particle size (enabling the production of nanoparticles), and it makes it possible to 

enhance bioactivity. Also, the cost is lower. Nanoporous structures (with 2- to 50-nm pores) can be 

generated using the sol-gel method, thus increasing surface area and, as a result, increasing 

bioactivity (5,14-18). Porosity also means the glass can be used as a scaffold for tissue 

regeneration (15) and to form capsules to carry enzymes, antibiotics and antigens (2,5,16). 
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Hench classifies bioactive materials into two classes: a) those in which bioactivity leads to both 

induction and production as a consequence of rapid reactions on the surface of the material; b) 

those in which only conduction is present because surface reactions are slower (11). Class A 

bioactivity gives rise to both intracellular and extracellular responses, which bind the material to the 

hard and soft tissues, whereas class B only induces an extracellular response (19). 

Bioactive glasses (BG) are ceramic materials classified as class A bioactive materials (9). 

When in contact with body fluids, chemical reactions occur on the surface leading to the 

formation of a layer of hydroxy carbonate apatite which favors its biocompatibility and integration 

into bones and hard dental tissues (4,20). When BG are in physiological environments, that is, in 

solution, osteoinduction and the production of growth factors are activated, which results in the 

formation of bone with the same characteristics as healthy bone (7-13). There is evidence, both in 

vivo and in vitro, that dissolution products leached from BG, that is, separated from the structure of 

the material when in a physiological environment, have an angiogenic effect. Direct stimulation by 

dissolution products increases growth factors, such as vascular endothelial growth factor (VEGF) 

and the basic fibroblast growth factor (bFGF) in fibroblast, and also regulates the expression of 

their respective receptors (21). Moreover, the increase in pH associated with the dissolution-

precipitation of BG affects cellular processes and is connected to an increase in metabolic activity 

and the proliferation rate in eukaryotic cells (21-22). 

When in aqueous solutions or body fluids, the surface of a BG implant turns into a layer of 

silica gel rich in calcium oxide and phosphorus oxide, which then mineralizes into 

hydroxycarbonate within hours (23). In glasses with high levels of bioactivity, such as Bioglass® 

45S5, the first stages of reactions occur very rapidly and are completed within 24 hours (14). 

BG have been proven to be effective against oral bacteria, such as Streptococcus sanguis, 

Streptococcus mutans and Actinomyces viscosus. An in vitro study showed a reduction in bacterial 

viability following exposure to the glass for one hour. This antibacterial effect increases after three 

hours (24). 

The current applications of bioactive glasses are manifold: they are used for bone 

replacement, periodontal defect repair, maxillofacial reconstruction, alveolar ridge augmentation, 

treatment of tumors, bioactive coatings on metallic substrates (e.g., in dental implants), as a 

treatment for dental sensitivity, tooth remineralization, cranial repair, percutaneous access devices, 

fibula repair, orthopedics and ENT (16). 

 

 

DISCUSSION  

 

The weak mechanical properties of BG, mainly its low fracture resistance, limit their 

applications. For this reason, combinations of BG and various materials that act as vehicles for its 
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clinical application are sought (25). Likewise, the possibility of incorporating BG into restorative 

materials and adhesive systems to provide them with antibacterial characteristics and promote 

remineralization could be an alternative to conservative treatments in restorative dentistry. Altering 

dental materials with BG is one of the most exciting applications in dentistry since a combination of 

these materials could generate a response in the marginal area of restorations, which is the most 

critical and sensitive to the recurrence of caries. It could also create an attachment area between 

the restorative material and gingival tissues in cases of full-crown restorations, since the material 

behaves like enamel (9,26). 

However, studying these combined materials poses multiple challenges. First, obtaining 

homogeneous materials is difficult, as they usually have pores as a result of the production 

technique used. Furthermore, tests to assess the mechanical behavior do not, for the most part, 

replicate oral conditions. The best way to predict the clinical behavior of materials is to design tests 

which replicate, as much as possible, clinical situations, by using in vitro specimens of sizes and 

shapes similar to those used clinically and following standardized clinical and laboratory protocols 

(27). Studies aim to determine the benefits BG bring to dental materials, and also to observe the 

potential alterations they can introduce in those materials, in connection with their optical 

properties, mechanical properties, hardening, etc. 

As for the benefits provided by BG, the antimicrobial and remineralization potential has 

been studied. A recent in vitro study has shown antibacterial effectiveness in resin with a 15% 

addition of BG (28). Bacterial penetration into marginal gaps was found to be much smaller in the 

samples in which the experimental material was used, in comparison to the control material (Fig. 

2). This antimicrobial benefit is in addition to the ability of BG to remineralize dental structures; 

therefore, it is an up-and-coming alternative in restorative dentistry. Nevertheless, materials with 

these characteristics are, unfortunately, not yet commercially available. 

 

  

                            

Fig. 2. Images show (by fluorescence) the difference in bacterial penetration in the 

dentin-resin and dentin-resin/BG interface (Khvostenko 2015) 
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Regarding the remineralization of hard dental tissues, the effect of BG was studied both in 

enamel and on dentin. 

BG appear as a promising alternative to the remineralization of enamel, and they have 

been modified with fluoride ions to enhance their remineralizing power by forming fluorapatite (29). 

It has also been observed that BG adhere firmly to dentin, and that the ions in the glass 

penetrate the dentin tissue, while the glass surface in contact with the dentin is altered, which 

leads to apatite formation at the interface (30). An in vitro study to examine the mineralization of 

dentin with BG showed mineral nucleation and precipitation in the tissue. (31). However, it has yet to 

be confirmed whether this net remineralization is also functional remineralization which restores 

the mechanical properties to tissue (22) since it has not been possible to restore mechanical 

properties in all the studies analyzed (22,32-33). 

In an in vitro study using glass ionomer enhanced with resin and BV, the increase in the 

flexural strength of demineralized dentin was confirmed (34). The study showed a 10% increase in 

flexural strength in healthy dentin and a 20% increase in demineralized dentin. The authors 

assume that the difference between these and previous studies could be that different dentin 

demineralization methods were used: whereas EDTA was used in previous studies (33), Khoroushi 

et al. used a mixture of calcium chloride, monopotassium phosphate and acetic acid. According to 

the authors, by completely destroying the collagen matrix, the dentin produced by EDTA is more 

deteriorated than what is observed in natural carious lesions, which would make it impossible to 

adequately remineralize it and, therefore, to restore the flexural strength. The attachment of BG to 

the dentin structure is mostly due to its connection to the collagen matrix. According to the authors, 

the demineralizing substance used in this study helps to replicate the clinical conditions of the 

dentin lesion faithfully by selectively eliminating the inorganic contents, without affecting the 

organic structure (34). 

A recent in vitro study showed the mechanical recovery of dentin, in terms of the modulus 

of elasticity and hardness. This recovery is explained by the association between the newly formed 

minerals and the organic matrix  (35). 

NovaMin® (NovaMin Technology, GlaxoSmithKline, Florida, UK), a glass with very fine 

particles of approximately 18 μm, was developed as a remineralizing and desensitizing agent for 

toothpaste (2,15,18-19). This particulate glass also has antiplaque, antigingivitis, desensitizing and 

regenerating properties (36). 

The use of BG as a desensitizing element in dental prophylaxis (OSspray Ltd., UK) has 

been studied through a clinical assessment of the effectiveness of sodium bicarbonate powder and 

powder containing BG. A higher statistical and clinical stain removal efficacy was observed with the 

powder containing BG, in addition to more comfort for patients by reducing the sensitivity 

generated during the procedure. This occurs because BG particles seal the tubules. An important 

aspect of this desensitizing effect is that is long-lasting, due to the fact that it not only involves the 
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mechanical occlusion of the tubules but also the deposition of HA as a result of glass particle 

reactions. This HA is chemically and structurally similar to natural structures (15,37). Replacing 

abrasive materials, such as alumina, with BG in dental prophylaxis has the benefit of allowing for 

remineralization, causing less abrasiveness, and not having any adverse respiratory effects (15,38). 

The bond between dental materials and dentin is still a challenge due to the difficulties in 

avoiding hydrolysis, which occurs in adhesives after some time. Hydrolysis is caused by the 

presence of moisture in tissues, which affects the mineral-depleted collagen structure. Self-etch 

and total-etch techniques are not able to replace the water present in the intrafibrillar and 

extrafibrillar spaces of the collagen matrix (39). This is why alternative adhesive techniques for 

dentin, resulting from the development of more interactive materials, are necessary to overcome 

these challenges (30). One alternative for preventing hydrolysis in the resin-dentin interface is to 

develop a material which can induce the remineralization of denuded collagen, thus avoiding 

protein degradation and, consequently, adhesive failure (39). 

The possibility of developing adhesive systems with the addition of BG is being explored, 

testing whether the adhesive strength is affected (35). The behavior of two adhesive systems, one 

containing BG 45S5 and the other one containing zinc-modified BG (45S6) on demineralized 

dentin specimens was analyzed in an in vitro study. There was a statistically significant increase in 

the mechanical properties (hardness and modulus of elasticity) of the tissue, which was due to the 

remineralization achieved (35). 

Studies have reached mixed results as for the potential alterations that adding BG can 

cause to dental materials. According to researchers, two aspects are causes of concern and, 

therefore, the object of numerous studies: on the one hand, the lack of bond between the BG and 

the resin matrix and, on the other hand, the release of ions that is characteristic of bioactivity, both 

of which cause the mechanical alteration observed in resin materials containing BG (40). 

The addition of BG to a conventional GI was analyzed in 1999, and it was determined that 

the setting time is ―basically‖ not altered (41). 

A study was conducted in 2003 to evaluate the effect that adding BG to a resin-modified GI 

material could have on the setting time and mechanism and on the mechanical properties of the 

material. It was observed that the setting time increases and the compressive strength 

decreases (42). 

The compressive strength, the modulus of elasticity and Vickers hardness were studied in 

both conventional GI and resin-modified GI to which BG was added (43). It was found that 

mechanical properties are altered, to a certain extent, which led to the suggestion of restricting the 

use of these combined materials to clinical cases which can benefit from their bioactive properties 

and which do not require a great load-bearing capacity, for example, for pulp protection or as an 

endodontic sealant. 
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In 2008, BG was added to a commercially available glass ionomer (Fuji 1, GC, Japan) (44). 

Micrometric glass powder was used at proportions of 10 to 30%. The behavior of the material, with 

respect to setting time, tensile strength and bioactivity, was analyzed in vitro. The setting time was 

extended as the proportion of BG increased; however, tensile strength was not affected (44). 

The possibility of incorporating a fluoride-contiaining BG on a ratio of 12 to 15% by weight, 

to a composite material to provide fluoride and calcium to the site from a single source, as well as 

the possibility of recharging the material with fluoride by exposing it to a 5,000 ppm fluoride 

solution has been studied. It could be demonstrated that by using BG obtained by sol-gel method, 

it is possible to quickly release ions and recharge the composite material with fluoride, without 

altering its mechanical properties. This is thanks to the larger reactive surface area generated in 

BG produced using the sol-gel method (45). This 15% portion of BG in the resin material has proven 

to be effective in providing the material with bioactive and antibacterial properties, without altering 

its mechanical properties (40). 

A study was conducted in 2011 to determine the mechanical properties, especially the 

flexural strength, of a restorative material combining ceramic and BG. Leucite porcelain (k) was 

used at between 50 and 70%, and it was found that it is possible to obtain a material with 

appropriate mechanical properties without losing bioactivity. Mechanical properties improve as the 

content of ceramic in the material increases (46). Later studies concluded, despite the limitations of 

in vitro research, that the ideal composition for good mechanical properties without losing 

bioactivity is 20% of BG and 80% ceramic (27). An interesting aspect of this composite material 

would be the potential formation of a gingival attachment around full-crown restorations, facilitated 

by the bioactive behavior and its composition, which is similar to tooth enamel. This attachment 

would seal the tooth-restoration interface, thus eliminating the potential for dissolution and 

degradation for the cement used for fixation, recurrence of caries and a possible restoration 

failure (46-47). 

 

FINAL REMARKS 

 

The remineralization of dental structures with bioactive materials is a field in which 

restorative dentistry has evolved hand in hand with minimal intervention dentistry. Although they 

were developed decades ago, BG have gained new momentum in recent years, mostly thanks to 

the scientific advances which have made it possible to control production methods and particle 

size. 

However, it is still necessary to define some significant aspects, such as synthesis 

techniques, ideal percent composition, etc., which will allow for the application of BG in restorative 

materials. Further research is necessary to incorporate the bioactive elements into restorative 

materials and combine the properties of both phases. 
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 Given the potential of these materials, the utopian goal of regenerating dental tissue might 

not be so far away. 
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