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INTRODUCTION
Bioactive glasses are a class of biomaterials that
is used in the fields of dentistry and orthopedics.1

The first bioactive glass was introduced in 1969
by Hench at the University of Florida.2Forty five
years ago, these glasses changed the functions and
capabilities of biomaterials by inducing a strong
response after implantation in the human body
from bioinert to bioactive. A substance may be
labeled as bioactive if a strong chemical bond
between the implanted material and a soft or hard
tissue results from the above-mentioned biological
reaction. Remineralization is a process that
involves restoring the dental structure of lost
mineral ions, which allows the crystalline
structure to be reinforced and functional.3A set
of factors such as structure, particle size,
chemistry of the released elements and the ability
of tissues to react to these agents determine the
interaction of materials with dental tissues.4

Instead of replacing them with inert synthetic
materials, today’s dentistry seeks to patch
damaged tissues and return them to their natural

state. The science of materials not only studies
the possible toxicity of materials, but focuses
primarily on the particular tissue responses that
they can cause.5 New materials have arisen, like
bioactive glass, involving the development of
techniques for remineralizing dental structures,
and a new paradigm has been proposed in
healthcare in recent years. 6

Composition of Bioactive Glass (BAG)
Originally, BAG was trademarked as Bioglass®
45S5, consisting of 45% SiO2, 24.5% Na2O,
24.5% CaO, and 6% P2O5.

7 Class A BAGs was
predominantly 40-52 percent SiO2, 10-50 percent
CaO and 10 percent to 35 percent Na2O. In
addition, 2-8 percent P2O5, 0-25 percent CaF2, or
0-10 percent B2O3 can contain the glass
composition. Class B glasses are usually bioinert,
with a silica content of > 60% by weight.8 In
addition, recognized biocompatible and bioactive
minerals, including fluorapatite (FAP),
wollastonite, diopside, and tricalcium phosphate,
may also be used in BAG.9,10
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Commercially, the alkali-free (especially Na-free)
BAG with a composition of 70% diopside, 10%
fluorapatite and 20% tricalcium phosphate is
referred to as FastOs®BG. Sodium-free BAG
however was manufactured and shown to have
the same dissolution and bioactivity as traditional
BAG.11 In addition, the rate of degradation and
apatite formation has been shown to be highly
influenced by the glass silica network’s
connectivity and the amount of phosphate.
Additionally, to alter bioactivity and antimicrobial
properties, ions of Si, P, Sr, Cu, Ag, Zn, and F
may be added.12

For bioactivity, the presence of phosphate, or
P2O5, was earlier assumed to be necessary.
Bioactive phosphate-free glasses, however have
refused this assumption.13 MgO and K2O can
replace both CaO and Na2O, respectively. The
formation of apatite is stimulated by the presence
of MgO. To influence the surface reaction and
melting properties, Al2O3 and B2O3 can be also
added.14Improved antimicrobial properties may be
obtained by Ag but high concentrations are
cytotoxic.15Fluoride is especially important in
improving the bioactivity of dental applications
by creating more acid-resistant fluorapatite rather
than hydroxyapatite and BAG-conjugated fluoride
can increase dentin remineralization and reduce
the risk of degradation of the dentin matrix.16, 17

Preparation of Bioactive Glass
Melt-Prepared Glasses18

The ûrst bioactive glass, indeed the ûrst artiûcial
bioactive material, was a glass of the Na2O–CaO–
P2O5–SiO2 system reported by Hench et al. in
1971.7 This glass, later denoted Bioglass 45S5
contains 45% SiO2, 24.5%. Na2O, 24.5% CaO,
6% P2O5, and 45% SiO2 (in wt%).The synthesis
of this MPG, is schematically depicted in the top
of Fig. 1. This route includes the mixture of the
stoichiometric amounts of the different
precursors, that is, SiO2, P2O5, Na2CO3, and
CaCO3, the melting at temperatures close to 1400
°C and the subsequent quenching in a graphite
mold (for rods or monoliths preparation) or in
water (frit).

Solgel Glasses19

 Solgel glasses exhibiting in vitro bioactivity were
first synthesized in 1991 by Li et al . In the medium
part of Fig. 1, the solgel synthesis of a bioactive
glass is schematically depicted. This route starts
with the preparation of a sol, obtained by mixing
in aqueous medium (generally including an acid
or basic catalyst) different precursors, namely
tetraethyl orthosilicate (TEOS), triethyl phosphate
(TEP), and calcium nitrate tetrahydrate as sources
of SiO2, P2O5, and CaO, respectively. The
hydrolysis and polycondensation processes at
room temperature yield to the formation of a gel
which is aged, dried, and stabilized at slightly
different conditions depending on the authors. In
the Fig. 1, experimental conditions often used by
our group for the SGGs synthesis are indicated.

Template Glasses
Template Glasses constitute a new generation of
structurally unique materials exhibiting order on
the mesoscopic scale (2–50 nm) and disorder on
the atomic scale. The pore channels formed within
the glasses are separated by amorphous silica
walls and arranged periodically on lattices like
the atoms in ordinary crystals. Figure 2 represents
an illustrative overview concerning the main
differences between a SGGs and TGs20,21,22
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Properties of Bioactive Glass
· Bioactive substance may interfere with the

biological environment, such as forming a
hydroxyapatite layer with a bond that forms
between the tissue and the material.24

· The bioinert materials do not evoke unique
responses or interfere with the biological
environment.

· May be osteoconductive or osteoinductive25

· Has a higher surface area with a greater rate
of dissolution and hence faster apatite
formation.26

· The composition of the glass may not be
favorable for the manufacture of porous
scaffolds due to weak mechanical properties,
such as too brittle.27,28

Clinical Applications of Bioactive Glasses in
restorative dentistry

1) Dental adhesives
Dental adhesives make it possible to achieve
adhesion, or bonding, of a compound or material,
such as dental composite or orthodontic brackets,
to natural tooth tissue. Bonding of dental resin
composite to tooth overcomes the challenge of
adhering hydrophobic resin composite to the
hydrophilic tooth surface29

A smear layer mainly contains tooth material and
bacterial remains covering the surface and
occluding the dentinal tubules, is formed by the
tooth preparation . Acid-etching is performed in
order to eliminate the smear layer and to open up
the dentinal tubules and the collagen network for
better penetration of the components of the
bonding resin. However the low pH of the etchant

can induce matrix metalloproteinase (MMP)
activation that degrades the collagen network of
dentine. In etched dentine, improperly penetrated
resin interfaces can therefore contribute to the
deterioration of the hybrid interface layer, reduced
bond strength with an increased risk of material
degradation, and bond failure.30,31,32, 33

Biosilicate®, a crystallized bioactive glass-
ceramic (Na2O 23.75 percent weight, CaO 23.75
percent weight, SiO2 48.5 percent weight, and
P2O5 4.0 percent weight), was recently
published.34. It has been used as an adjunctive
treatment of dentin hypersensitivity and for the
total-etch adhesive bonding system.35 Biosilicate®
particles react with the tissue within the dentinal
tubules when in contact with dentin, resulting in
hydroxyapatite dentinal occlusion and thus
providing a stronger bond.36 A Biosilicate®
suspension has been shown to improve the bond
strength of both mineralized and demineralized
dentin adhesive systems when added prior to
application.37Compared to the adhesive without
BAG, the incorporation of niobophosphate BAG
fillers into the commercial adhesive achieved
greater microhardness . No compromise was made
on the mechanical properties. In addition, there
was noted apatite formation.38

2) Enamel Remineralization
With routine plaque removal and fluoride, early
caries lesions that have yet to cavitate, such as
white spot lesions (WSLs), can be arrested and
remineralized. Fluoride is commonly used to
prevent caries and facilitate remineralization in
toothpaste, varnishes, and mouth rinse. The milk
protein-derived casein phosphopeptide-
amorphous calcium phosphate (CPP-ACP),
known commercially as Recaldent, is an
alternative to fluoride.39. The best WSL
remineralization, however was achieved using a
combination of CPP-ACP and fluoride.39

Conversely, the application of BAG will
remineralize WSLs.40 Concerning the
remineralization of WSLs, Bioglass® 45S5 has
been extensively studied. Compared to topical
fluoride and CPP-ACP therapy, Taha et al
assessed the efficacy of bioactive glasses in
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inducing remineralization. They concluded that
bioactive glasses could improve the
remineralization of enamel more successfully and
quickly.41

Novamin® has the same structure as Bioglass®

45S5, but with an average particle size of 18 µm
and is used for remineralization and
hypersensitivity reduction as the active ingredient
in the commercial toothpaste, Sensodyne.42 The
pH is increased by these ions and results in
calcium phosphate precipitation and
mineralization into hydroxyapatite as traditional
BAG.43 In addition, fluoride-doped BAG has
shown potential for dental applications such as
toothpaste and restorative products. Over an
observational duration of 6 months, BAGs doped
with 2.5 percent, 5 percent and 7.5 percent mol
fluoride showed steady daily fluoride release
above 1.2 ppm.44,45,46A BAG with a combination
of high phosphate and fluoride content,
commercially known as BiominF®, resulted in the
formation of CaF2 instead of fluorite, FAP. The
high phosphate content of all essential ions of FAP,
Ca5 (PO4)3F, serves as a source of delivery.47 Using
micro-CT, the remineralization efficacy of
BiominF® was compared to that of BAG-
containing dentifrice and Novamin® in vitro.
Better remineralization at 5 min and 24 h was
shown by BiominF®.48

3) Restorative Materials
In appearance, shape, and function, the restorative
materials currently available can replace and
mimic the tooth, but lack bioactive properties.
Glass ionomer cement or resin composite
undergoes some degree of polymerization
shrinkage during a cavity reconstruction which
can lead to microleakage and secondary caries.49,50

In addition, during the removal of caries, the
tissue-saving approach can leave residual bacteria
in affected tissue.51 One of the areas of dental
biomaterials research has been the development
of dental restorative materials capable of
remineralizing or repairing demineralized dentin
after bacterial invasion. By creating a tight bond,
the longevity of dental restorations can be
achieved to the tooth and a bacteria-hostile

environment. Bonding agents with bioactive
properties may provide a sealed interface through
precipitation of hydroxyapatite.52BAG was first
incorporated as a filler content of 72 percent into
a resin composite in the non-silanated 5, 10, and
15 percent weight format. After two months of
exposure to bacterial challenges its mechanical
property was greater than control group.
Compared to commercially available resin
composites, the BAG composites demonstrated
cytotoxicity because of the release of unreacted
monomers.53,54

Flowable resin composite materials with BAG
have been shown to inhibit oral microbe growth,
including E. coli andS. mutans without weakening
the bond strength.55Antimicrobial and bioactive
characteristics exhibit resin composites of BAG
filler particles, which are instrumental in the
prevention of secondary caries. Their mechanical,
optical or adhesive properties may however, be
compromised.53 Silanization of filler particles for
enhanced mechanical properties is used in
conventional resin composites57,58

Resin composites with BAG and fluoride increased
remineralization of dentin and at the dentin
interface prevented enzymatic degradation .56

Glass ionomer cement (GIC) consists primarily
of fluoride-aluminosilicate glass and polyacrylic
acid and can be modified for better mechanical
properties, greater adhesion and lower solubility.
GIC is known for its release of fluoride,
remineralizing characteristics and direct chemical
bonding to the tooth. To control remineralization,
BAG particles were integrated into GIC
formulations.59, 60A GIC based on BAG and
polyacrylic acid showed the similar acid-base
reaction for setting between glass particles and
polyacrylic acid as that of the conventional GIC .
It is suggested that the iron-rich matrix formed
during the setting of GIC forms an osmotic
gradient that allows water to be absorbed by the
matrix. This water absorption creates an aqueous
environment for BAG particles to
react.61Bioactivity was greater with BAG
rmGIC.62 At the dentin-restoration interface, a
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uniform layer of calcium phosphate formed on
the surface of BAG-rmGIC and mineral
deposition was noted. There were similar
depositions in deeper parts of the dentinal tubules.
BAG-rmGIC seemed promising from these results
for remineralization.63 The low nanoparticle BAG
(nBAG) rmGIC improved the material’s flexural
strength, while high concentrations showed
adverse effects on the mechanical properties due
to decreased bonding between the particles of
glass and the resin matrix.64 The mechanical
characteristics were impaired, despite the
bioactive and antimicrobial properties exerted by
the incorporation of BAG particles into GICs. This
can limit the possible clinical applications of
BAG-rmGIC to areas with low mechanical stress
and bioactivity requirements, such as root surface
fillings and liners.65, 66

4) Pulp Capping and Root Canal Therapy
The interest of BAG is also present in endodontic
management . For an exposed dental pulp
indicated for partial pulpotomy or pulp capping,
the choice of a pulp-capping material is important
among other factors that determine the treatment
success.67, 68, 69 It should be able to provide a tight
seal for a pulp-capping material, be
biocompatible, antibacterial, and simple to
handle. In addition, the creation of a dentin bridge
to protect the pulp should be encouraged.
Although the dentin bridge formed by calcium
hydroxide (CH) is incomplete due to tunnel-like
defects, it has been used in many endodontic
applications, such as pulp capping. Other notable
disadvantages of calcium hydroxide are long
setting time and delicate handling during
application.68 Due to its putative property of
dentinogenesis, BAG was inspected for pulp
capping.. In an in vitro analysis, the ions released
by sol-gel nanoporous BAG particles did not
inhibit human dental pulp stem cell (hDPSC)
formation, but showed a high density of
mineralized nodules.69

When used for direct pulp capping, sol-gel derived
BAG stimulated the production of a dense dentin
bridge with inflammatory responses similar to
mineral trioxide aggregate (MTA), as shown in

mechanically exposed rat pulps.70 In contrast to
sol-derived BAGs, more unfavorable
inflammatory responses have been found using
melt-derived BAG powders.71

Root canal treatment is suggested once
microorganisms have entered the pulp. In
addition to a tight coronal seal, a strong and
dimensionally stable root filling material that
prevents bacterial leakage is required.72, 73BAGs
have also been implemented in products for
endodontic root filling. Commercially known as
Resilon, the endodontic obturation thermoplastic
polymer utilizes BAG as filler particles.74 Bio-
Gutta, gutta-percha (GP) mixed with Bioglass®

45S5, has emerged as an alternative to traditional
GP because it can bind to dentin walls and needs
no sealers.75 Bio-gutta is a sealing material with
a high degree of GP-like biocompatibility. In
addition, it offers a strong seal, boosts the pH
and provides antimicrobial action.76 In addition,
it offers a strong seal, boosts the pH and provides
antimicrobial action. Bio-Gutta is based on the
idea that calcium phosphate formation can
precipitate under moist conditions on the
material surface and provide self-adhesiveness
and a tight seal.77,78 Polyisoprene (PI) and
polycaprolactone (PCL) have been mixed
separately with Bioglass® 45S5 up to 30 percent
by weight to produce high sealing capacity root
canal filling materials that make the need for a
sealer obsolete. Resilon and GP acted as controls.
In contrast to control samples, BAG+PCL and
BAG+PI showed precipitation of hydroxyapatite
and enhanced immediate sealing capacity with
no detectable in vitro leakage.79 Therefore, Bio-
Gutta, PCL with BAG, and PI with BAG will
serve as clinical alternatives to traditional GP
with Pocket.

5) Bioactive Glass-Based Root Canal Sealer
Two well-known commercialized root canal
sealers, which include BG, are available. One is
GuttaFlow Bioseal (GFB) (Coltène/Whaledent
AG, Altstätten, Switzerland), consisting of gutta-
percha, polydimethylsiloxane, zirconium dioxide,
platinum catalyzer, and BG. Low solubility, low
porosity, alkalization power, penetrability of
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dentin and cytocompatibility have been shown by
GFB.80 There is currently only scant information
available concerning either the GFB hardening
mechanism or its ability to seal the channel and
to be withdrawn for retreat. Nishika Canal Sealer
BG (CS-BG) is the second product (Figure 2).
There is currently convincing evidence of its
physicochemical properties, biocompatibility,
sealing ability and removability. CS-BG was
developed from biomaterials based on BG and
was initially intended for therapies for both dental
pulp and bone regeneration

Figure 3

Conclusion
BAG is an altruistic biocompatible material used
as an adjunct to various materials used in dentistry.
BAG is proved to have a beneficent effect in
promoting material–tissue bond. This property is
attributed to its chemical composition that closely
mimics the mineral makeup of human bone and
dentin. With the exceptional properties such as
biocompatibility, regenerativity and antimicrobial
nature, Bioactive glass has wide application in
the field of dentistry and medicine. BAG has
application in bone regeneration, bone grafting,
coating of implant, antimicrobial activity,
treatment of dentinal hypersensitivity, and drug
delivery. With their current applications, a bright
future of these glasses in the field of medicine
and dentistry can be easily predicted.
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