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ABSTRACT 

Bioglass has emerged as a revolutionary biomaterial because of its bioactivity, biocompatibility, and capacity to form a bond with both hard and soft 
tissues. Originally, Dr. Larry Hench in the late 1960s developed. Bioglass, which has proven especially effective in bone regeneration, dental 
restoration, and wound healing, positioning it as a versatile material for various medical applications. Unlike traditional bioinert materials, bioglass 
fosters a beneficial biological response when in contact with physiological environments, forming a hydroxyl carbonate apatite [HCA] layer on its 
surface that mimics natural bone mineral. This bioactivity, combined with its customizable composition, has enabled the development of various 
bioglass types tailored for specific applications. In this review, fundamental properties that contribute to bioglass effectiveness and primary 
healthcare applications of bioglass, focusing on its role in bone grafts, dental fillers, and coatings for implants discussed. Furthermore, this review 
explore its promising applications in wound healing, where bioglass dressings offer accelerated tissue repair and reduced infection risks. The main 
objective of this review is to provide a thorough insight into bioglass, with a focus on its present-day uses in the medical field. 
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INTRODUCTION 

Biomaterials, whether natural or synthetic, plays a pivotal role in 
regenerative medicine, dentistry, infection treatment, and they 
serves to replace damaged tissues [due to trauma or burns] or 
redeem biological functions [1-4]. An ideal biomaterial for clinical 
applications must be readily available, cost-effective, non-toxic, and 
inert to prevent adverse body reactions or infections. Additionally, it 
should be easy to shape, not require prolonged surgical time, and 
not interfere with medical imaging procedures. 

In medical field, bioactive glasses stand out as a distinctive group of 
oxide-based biocompatible ceramics. These materials possess the 
ability to form bonds with both hard and soft tissues and 
simultaneously promoting tissue growth while gradually dissolving. 
This characteristic makes bioactive glasses particularly appealing for 
use in healthcare and regenerative medicine [5-7]. Dr. Larry Hench 
developed the groundbreaking 45S5 Bioglass in the late 1960s [8]. 
This innovative bioactive glass have been utilized in clinical 
procedures for orthopedic and dental purposes since the mid-1980s 
[9, 10]. The 45S5 formulation, which consists of silica [SiO₂], sodium 
oxide [Na₂O], calcium oxide [CaO], and phosphorus pentoxide 
[P₂O₅], has become the basis for most bioactive glasses. These 
glasses maintain their bioactive properties when their SiO₂ content 
is below 55%. 

The chemical composition of bioactive glasses significantly influence 
their ability to induce bone formation, exhibit antibacterial effects, 
undergo degradation, and facilitate soft tissue repair and healing of 
the wound. Adjustments to the proportions of the primary 
components allow for tailored applications that meet various clinical 
needs [11-15]. Production methods like melt-derived processes 
enable the creation of components of various shapes and sizes, such 
as prosthetic middle ear ossicles or fibers [16, 17]. Additionally, 
these glasses produced through melting can transformed into 
powder form to create porous three-dimensional scaffolds, which 
serve as frameworks for tissue development [18]. 

The bioactivity of bioglass stands out as one of its most remarkable 
properties. When exposed to physiological fluids, bioglass undergoes 
surface reactions that results in the formation of a HCA layer, 
resembles the mineral composition of natural bone [19]. This HCA 
layer enables bioglass to connect with bone tissue and encourages 
osteogenesis, establishing it as important material for bone 
transplantation and orthopedic implants [20]. Beyond bone repair, 
bioglass has demonstrated potential in wound healing, soft tissue 

regeneration, and delivery of the drug due to its biocompatibility 
and customizable degradation rates, allowing for controlled release 
of therapeutic agents [21]. Recent advancements in bioglass 
technology have expanded its application scope to include 
antibacterial coatings, which are essential for preventing infections 
in medical devices [22]. Composite materials, combining bioglass 
with polymers or metals, further enhance its versatility and 
mechanical stability, making bioglass a crucial component in the 
next generation of medical materials [23]. 

Despite the extensive research on the properties and applications of 
bioglass, its comprehensive role in clinical areas, including bone 
repair, dental restoration, wound healing, and drug delivery, is still 
lacking. Current literature often focuses on individual applications 
or specific compositions, leaving a fragmented understanding of the 
broader potential of bioglass in modern healthcare. This review 
seeks to address these gaps by providing a holistic examination of 
bioglass materials, emphasizing their unique properties, clinical 
versatility, and transformative impact across multiple fields of 
medicine and regenerative therapy. The aim of this review is to 
provide a comprehensive overview of unique properties of bioglass 
and highlighting its crucial roles in bone repair, dental restoration, 
wound healing. This review written by searching the keywords 
bioglass, properties, dental applications 45S5 glass, boran and 
phosphate glasses, clinical studies for last 10 y from databases like 
PubMed and Science Direct, Google Scholar. 

Types of glasses 

Bioactive glasses classified into three primary types based on their 
network-forming oxides and chemical composition. They are silicate 
glasses, borate glasses, and phosphate glasses [24]. 

Silicate glasses 

Silicate glasses are built from "SiO₄ tetrahedra," where each silicon 
atom surrounded by four oxygen atoms. These tetrahedra link 
together through shared oxygen atoms, forming the structural 
backbone of silicate-based materials [25]. However, the addition of 
elements like calcium (Ca²⁺), sodium (Na⁺), or magnesium (Mg²⁺) 
known as network modifiers, disrupts these connections, creating a 
more reactive and bioactive structure [26]. 

Bioglass 45S5 known for its high bioactivity and strong bonding 
capabilities with bone. Its silica content gives it a suitable balance of 
bioactivity and degradability, while the calcium and phosphate 
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content promote bone regeneration and bonding. During the 
degradation process of bio glass, it releases essential ionic 
components that interact with surrounding environmental ions to 
form a carbonated hydroxyapatite layer. This HCA coating 
subsequently establishes robust connections with neighboring bone 
tissue, promoting and accelerating its growth. Additionally, 
numerous in vitro and in vivo experiments conducted on 45S5 Bio 
glass have shown its capability for creating scaffolds in the field of 
tissue engineering. In tissue engineering, these structures serve as 
crucial elements, designed to produce biological replacements for 
restoring or substituting damaged tissues resulting from age-related 
deterioration or medical conditions. These three-dimensional 
structures contain pores ranging from 100 µm to 300 µm in size. 
These pores promote the production of vascular endothelial growth 
factor, facilitate cell penetration, and promote vascularization [27]. 

Borate glasses 

In borate glasses, boron trioxide [B2O3] is essential component for 
network formation [28]. Borate-based glasses like 13-93B3 are 
created by substituting SiO2 in silicate glass with B2O3 and 
incorporating network modifiers such as K2O and MgO. Unlike 
silicate-based 45S5, these glasses degrade more quickly and show 
bioactivity. Nevertheless, a potential drawback of borate bioactive 
glasses is the possible toxic effects resulting from the substantial 
release of borate ions in a "static" in vitro environment. The 
challenges associated with this issue have reduced in "dynamic" 
culture conditions and in vivo contexts [29, 30].  

Recent years have seen a surge of interest in borate glasses, driven 
by encouraging results from pre-clinical and in vivo investigations 
into their efficacy for treating long-lasting wounds [including 

diabetic ulcers] in comparison to established treatment methods 
[31, 32]. Boron offers several advantages, including its ability to 
enhance vascularization, support angiogenesis, and boost RNA 
production in fibroblasts [33]. The U. S. Food and Drug 
Administration granted approval for 13-93B3 in wound healing 
applications in 2016 [34]. Additionally, this glass variety utilized in 
scientific studies to develop frameworks for tissue engineering 
purposes. Additionally, in vivo studies suggest borate-based 
bioactive glasses are promising for antibiotic delivery, although 
more research needed due to limited clinical data [35]. 

Phosphate glasses 

In phosphate glasses, phosphorus pentoxide [P₂O₅] is the primary 
network-forming component. The core structural unit is an 
orthophosphate tetrahedron [PO4-], comprising a phosphorus atom 
at the center encircled by four oxygen atoms [36]. The 
orthophosphate tetrahedron can only connect to three additional 
phosphate tetrahedra because one oxygen atom forms a double 
bond with phosphorus [37].  

Phosphate glasses, which consist of P₂O₅ as the primary network 
component and CaO and Na2O as network modifiers [e. g., P50C35N15] 
have chemical compositions similar to those of bone minerals [38]. 
By altering their compositions, the rate at which phosphate glasses 
break down or dissolve can be controlled. Compared to silica-based 
bioglasses, phosphate-based glasses are more degradable and 
resorbable, making them suitable for applications requiring faster 
degradation. They are frequently used in soft tissue applications, 
drug delivery systems, and wound care, where gradual degradation 
and ion release support healing and therapeutic effects [39]. Table 1 
shows specific compositions for different types of bioactive glass. 

 

Table 1: Specific chemical compositions for different bioactive glasses 

Component 45S5 [wt%] 58S [wt%] 13-93B3 [wt%] P50C35N15 [wt%] S53P4 [wt%] 70S30C [wt%] 13-93 [wt%] 
SiO2 45 58.2 - - 53 71.4 53 
P2O5 6 9.2 4 71 4 - 4 
B2O3 - - 53 - - - - 
Na2O 24.5 - 6 9 23 - 6 
K2O - - 12 3 - - 12 
MgO - - 5 - - - 5 
CaO 24.5 32.6 20 19.7 20 28.6 20 

 

Methods involved in the bioactive glass production 

The melt quenching technique and the sol-gel process are the methods 
used for the production of bioactive glasses [40, 41]. By adjusting the 
compositional elements and manufacturing parameters of these 
approaches, researchers can produce a diverse array of specialized bio-
glasses. Researchers have also employed other methods, such as flame 
spraying, to produce spherical glasses at the nanoscale level [42]. 

Melt quenching approach 

The production of oxide glasses such as 45S5 initially relied on 
melting, as described in Hench's original methodology. This process 
requires appropriate amounts of various chemicals, typically in the 
powder form, such as nitrates, oxides, sulfates, and carbonates. The 
procedure involved selecting a suitable glass composition, weighing 
and mixing the components, and melting them at appropriate 
temperatures. Compared with silicate glasses, glasses made from 
borates and phosphates typically have lower melting temperatures 
[43]. When producing large-scale items, such as monoliths and rods, 
the uniform molten material transferred into appropriate molds and 
left to solidify. The molten glass cooled in cold water to produce a 
glass powder or frit. The resulting small glass fragments were dried, 
crushed, and sieved [44]. Fig. 1 illustrates the main steps of bioglass 
preparation using the melt-quenching method.  

To meet the growing demand for bioactive glasses in healthcare and 
regenerative medicine, production methods must be optimized for 
scalability, efficiency, and cost-effectiveness while maintaining 
product quality. Key strategies for optimization includes lowering 

melting temperatures by refining glass compositions, particularly in 
borate and phosphate-based glasses, reduces energy costs. 
Implementing advanced furnace designs, such as electric or hybrid 
furnaces, can improve thermal efficiency and reduce emissions. 
Emerging additive manufacturing techniques enable the direct 
production of complex Bioglass scaffolds, minimizing material 
wastage and post-processing requirements. By implementing these 
optimizations, the production of bioactive glasses scaled up to 
industrial levels, meeting the increasing demand for biomedical 
applications [45]. 

Sol-gel technique 

Thomas Graham first coined the word "sol-gel" in 1864 [46]. His 
investigations into silica sols demonstrated that the interaction 
between tetraethyl orthosilicate [TEOS] and water results in 
hydrolysis and condensation processes, ultimately creating a silica 
network or gel. Graham observed that drying this gel yielded glassy 
SiO2. Subsequently, Professor L. L. Hench developed the sol-gel 
technique for manufacturing bioglass. This method offered a more 
effective and accurate approach to producing consistent structures 
in various forms, including membranes, composites, fibers, powders, 
and monoliths. This process initiates with the formation of a solution 
by mixing metal-organic compounds and metal salts as precursors. 
Following this, gel formation occurred through a series of hydrolysis 
and condensation reactions. The final step involves applying a heat 
treatment to dry the sol, which promotes the creation of oxides and 
removes organic components [26]. Many researchers prefer the sol-
gel method overmelt quenching because of its versatility and 
capacity to overcome certain limitations. 
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Compared to melt quenching, the sol-gel technique offers numerous 
advantages as follows; it shows greater control over composition and 
morphology, less complex glass manufacturing equipment, prevention of 
unwanted alloy formation due to metal ion-crucible interactions 
comparatively lower production temperatures. These benefits outweigh 
the increased expense of the alkoxide precursors used in the sol-gel 
method. Furthermore, this approach enables the inclusion of heat-
sensitive components in the glass structure [44]. Fig. 2 illustrates the 
main steps of bioglass preparation using the melt-quenching method.  

To scale up the sol-gel process for industrial use, the following 
optimizations can be considered Explore alternative, cost-effective 

precursors while maintaining material quality. Automation of 
solution preparation, gelation, and drying processes to ensure 
consistency and reduce labor costs. Standardize parameters like pH, 
precursor ratios, and drying times for reproducible results at scale. 
Integrate energy-saving technologies such as low-energy dryers or 
microwave-assisted heating for gel drying and heat treatment. 
Combine the sol-gel method with 3D printing technologies directly 
fabricate customized bioglass scaffolds and implants, reducing post-
processing requirements. Optimize solvent recovery and reuse 
during the sol-gel process. By addressing these areas, the sol-gel 
method effectively scaled for industrial production [49]. 

 

 

Fig. 1: Essential stages in producing bioglass using the melt-quenching technique 

 

 

Fig. 2: Essential stages of the sol-gel process for synthesizing bioglass 

 

Properties of bioglass 

Bioactivity 

Bioglass exhibits exceptional bioactivity, allowing it to establish 
connections with living tissues, especially the bone. Upon contact 
with bodily fluids, the bioglass surface undergoes a series of 
chemical reactions, resulting in the development of HCA layer. This 
layer closely resembles the mineral components of bone tissue. The 
ability to form this HCA layer is essential for bioglass applications in 
bone restoration and regeneration because it encourages the 
adhesion and growth of osteoblasts, the cells responsible for bone 
formation [50]. 

Biocompatibility 

The biocompatibility of bioglass allows it to be safely used in contact 
with human tissues without causing adverse immune reactions. Its 
composition well tolerated by the body, making it suitable for both 
hard and soft tissue applications. bioglass degrades into ions that 
either used in physiological processes or easily excreted, thereby 
reducing the risk of toxicity. The compatibility of bioactive glasses with 
biological systems influenced by the silicate concentration in the glass 
composition. Optimal bonding between the graft and bone occurs 
when the silicate content falls within the range of 45-52% [50]. 

Osteoconductivity 

Bioglass provides a scaffold that supports bone growth, which is a 
property known as osteoconductivity. This makes it ideal for 

applications in orthopedic implants and bone grafts, where it not only 
provides structural support but also enhances bone regeneration by 
guiding cell attachment and bone matrix deposition [51]. 

Controlled degradability 

One of the unique advantages of BG is its ability to degrade at 
controlled rates, depending on its composition and structure. This 
degradability allows it gradually dissolve in the body, releasing 
beneficial ions [such as calcium and phosphate] that aid tissue 
repair. The degradation rate can be customized to align with the 
healing processes of various tissues by modifying the material 
composition [51]. 

Mechanical properties 

Although bioglass is inherently brittle compared to metals and some 
polymers, its mechanical properties can be tailored to provide 
adequate strength for specific applications. For example, combining 
bioglass with polymers or metals creates composites that enhance 
durability and pliability, making them appropriate for applications 
that bear weight, such as bone implants. Research is ongoing to further 
enhance its mechanical properties to expand its usability [52]. 

Antibacterial properties 

Substantial amounts of sodium, silica, calcium, and phosphate ions 
are liberated from the glass surface, resulting in an elevation of the 
surrounding pH and osmotic pressure, and has demonstrated its 
ability to kill bacteria across various strains, including 
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Staphylococcus aureus, Staphylococcus epidermidis, Escherichia 
coli, and Klebsiella pneumonia [53].  

Ram Sabarish Chandrasekar et al. conducted an in vitro research 
study to evaluate the antibacterial properties of Perioglas against 
Streptococcus salivarius, a common oral commensal and early 
colonizer. Different concentrations of Perioglas tested against the 
ATCC 13419 strain of S. salivarius. Antimicrobial activity assessed 
after 24 h of incubation at 37 °C by measuring the reduction in 
colony-forming units on culture plates and smears. The results 
demonstrated that bioactive glass (BAG) exhibited antibacterial 
effects against S. salivarius, with its efficacy increasing in a 
concentration-dependent manner [54]. 

Al-Jobory AI et al. investigated the antibacterial properties of 45S5 
Bioglass along with chitosan as fillers in gutta-percha against 
Enterococcus faecalis. Antibacterial activity assessed by measuring 
the inhibition zone, which indicates microbial sensitivity or toxicity. 
The modified gutta-percha exhibited a highly significant 
antibacterial effect compared to the control group, which showed no 
microbial sensitivity. The results demonstrated that incorporating 
45S5 Bioglass® and chitosan into gutta-percha significantly 
enhanced its antibacterial efficacy against Enterococcus faecalis in 
vitro compared to commercial available gutta-percha [55]. 

Certain formulations of bioglass, especially those doped with ions 
such as silver, zinc, or copper, exhibit antibacterial properties. This 
makes it valuable for coatings on implants and medical devices to 
prevent infections, particularly in orthopedic and dental 
applications, where infections can pose significant complications. 
Hammami Iet al. explores the significance of antibacterial implant 
coatings by incorporating copper into 45S5 Bioglass. Bioglasses 
containing varying concentrations of CuO (0 to 8 mol %) synthesized 
using the melt-quenching technique. Antibacterial activity was 
evaluated against both Gram-positive and Gram-negative bacteria, 
revealing bacterial inhibition at 0.5 mol% CuO. These findings 
highlight that copper inclusion in bioglass enhances its potential as 
an implant coating, improving both antibacterial effectiveness and 
osteointegration properties [56]. 

Ionic release and therapeutic effects 

As bioglass degrades, it releases ions, such as silicon, calcium, 
sodium, and phosphate, which can have therapeutic effects. For 
example, silicon ions known to stimulate osteoblast activity and 
enhance bone regeneration. Controlled ionic release can also 
influence cellular behavior by enhancing angiogenesis [formation of 
new blood vessels], which is important for wound healing [57]. 

A clinical study involving approximately 58 cases demonstrated that 
Bioglass 45S5 ability to release calcium, phosphate, and silica ions, 
promoting hydroxyapatite formation and bone regeneration. This 
can serve as an effective alternative for secondary alveolar bone 
grafting in patients with cleft lip and palate. Traditionally, these 
procedures rely on iliac crest bone harvesting, which is associated 
with donor site morbidity. Utilizing Bioglass 45S5 instead can 
minimize harvesting-related complications and streamline the 
surgical process [58]. 

In an in vivo rabbit model, bioglass scaffolds implanted in critical-
sized calvarial defects released borate and calcium ions, leading to 
improved osteoblast activity and enhancing bone formation. This 
study evaluated the bone regeneration capacity of borate bioactive 
glass (1393B3) scaffolds with three different microstructures—
trabecular, fibrous, and oriented. After 12 w, histomorphometric 
analysis and scanning electron microscopy assessed new bone 
formation, mineralization, and blood vessel area. Results showed 
that trabecular scaffolds achieved the highest bone regeneration 
(33% of the defect area), followed by oriented (23%) and fibrous 
(15%) structures [59]. 

Surface modification potential 

Bioglass surfaces can modify to improve specific properties such as 
bioactivity, adhesion, and antibacterial capabilities. Surface 
modification techniques, including coating or functionalization with 
bioactive molecules, can enhance cell attachment and proliferation, 

making bioglass even more effective for tissue engineering 
applications [60]. 

Versatility in composition and formulation 

Bioglass can tailored by altering its chemical composition, which 
alters its properties for various applications. It is available in 
different forms, such as powders, granules, fibers, and scaffolds, 
allowing flexibility in use across applications. Composites of bioglass 
with polymers, ceramics, or metals also been increasingly developed 
to enhance their properties for specific medical needs [12, 13]. 

Applications of bioglass in healthcare 

Bioglass has a wide range of applications in healthcare owing to its 
unique bioactive and biocompatible properties. From bone 
regeneration to wound healing, bioglass is increasingly used as a 
material that not only provides structural support, but also interacts 
positively with biological tissues to promote healing. Below are the 
main areas where bioglass has shown significant potential. 

Orthopedics and bone regeneration 

Bone bonding attributed to the formation of a HCA layer on the glass 
surface, which develops as the glass dissolves and the ions released 
from the surface reprecipitate. Bioglass extensively utilized in bone 
tissue scaffolds due to its capacity to enhance cell adhesion, growth, 
and specialization. Functioning as a supportive scaffold, this material 
emulates the natural bone structure, fostering cellular attachment 
and the progressive formation of new tissue. Bone mineral is 
structurally similar to HCA, which thought to interact with collagen 
fibrils. This interaction believed to promote HCA's incorporation 
into the bone tissue of the host. Researchers have developed 
synthetic bone graft alternatives to reduce dependence on 
autografts, which are not only scarce, but also pose risks of pain and 
infection at the donor site [61]. 

Clinical applications of bioglass as bone graft 

Bioglass 45S5, marketed as NovaBone [NovaBone Products LLC, 
Jacksonville, FL, USA], has been utilized in orthopedic and 
craniofacial reconstruction as a particulate material to address bone 
defects. The initial clinical application of bioglass involved cone-
shaped monoliths designed to replace small bones in the middle ear 
of a patient. These bones deteriorate due to infection, resulting in 
hearing loss. The bioglass implant successfully restored the patient's 
hearing. The product, known as DOUEK MED™ [US Biomaterials, 
Alachua, FL], offers a range of glass cones of various sizes, allowing 
healthcare professionals to select the most appropriate option for 
each patient [62]. 

PerioGlas, the first bioglass particulate (90–710 µm), was introduced 
in 1993 by USBiomaterials (now NovaBone Products LLC) as a 
synthetic bone graft for treating jawbone defects caused by 
periodontal disease. In 2005, the FDA granted approval for NovaBone, 
for use in orthopedic applications for non-weight-bearing bone 
defects. Autograft and NovaBone were contrasted in posterior spinal 
fusion procedures. The patient's blood combined with NovaBone 
material before being applied to the intended site and metal hooks and 
screws were utilized to apply pressure on the surrounding vertebrae. 
With the primary advantage of not requiring a donor site, NovaBone 
functioned better throughout the 4-year follow-up period, with very 
less infections [2% vs. 5%] and mechanical defaults[2% vs. 7.5%] [63]. 
Another 45S5 glass product used to repair jawbone defects is Biogran 
[Biomet 3i, Palm Beach Gardens, FL] [64].  

The S53P4 composition, a modified form of the 45S5 composition, now 
marketed as BonAlive [BonAlive Biomaterials; Turku, Finland]. The FDA 
granted approval for its use as an alternative to bone grafts in orthopedic 
procedures in 2008, following the authorization of the European Union 
in 2006 [65]. Currently, BonAlive used to treat chronic osteomyelitis, 
trauma, and synthetic bone grafting after tumor resection.  

Application in bone defects from trauma 

In cases of tibial fractures requiring joint realignment, autografts 
compared with S53P4 particles [0.83–3.15 mm]. Implants inserted 
into the subchondral bone cavities within the compressed porous 
osseous tissue and reinforced using metallic condylar plates and 
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casts. A long-term investigation spanning 11 y revealed comparable 
bone regeneration and not showed any notable differences in 
articular depression. Additionally, after more than a decade few 
glassy particles remained visible. The increased silicon dioxide 
content in S53P4 compared to that in 45S5 is probably the reason 
for its reduced absorption [66]. 

Craniofacial application 

Frontal sinus obliteration is a surgical technique used to eliminate 
the frontal sinuses. This procedure typically performed to address 
recurrent infections, head trauma, and tumor excision. Traditionally, 
fat has been used to fill defects; however, this method results in 
complications in many patients. Trials performed by using S53P4 
and 13–93 glass particles in the size range of 0.5–1 mm 
demonstrated superior bone regeneration in both quantity and 
quality contrast to hydroxyapatite [synthetic]. Compared to 13-93, 
BonAlive [S53P4] exhibited more rapid bone formation, presumably 
due to the presence of magnesium in 13-93, which diminishes its 
bioactive properties [67]. 

Removal of benign bone tumors 

In trials, BonAlive used to repair bone defects [1–30 cm3] in the 
hands, tibia, and humerus caused by benign bone tumor surgery. 
A14 y study compared S53P4 granules (1–4 mm, 14 patients) with 
autografts (11 patients) for treating bone defects (1–30 cm³) after 
benign bone tumor surgery in the hands, tibia, and humerus. S53P4-
treated bones showed twice the cortical thickness compared to 
autografts, though some glass particles remained after 14 y [68]. The 
glass began degrading between 12–36 mo, stimulating bone 
remodeling, but it was slower when compared with autograft [69]. 

Sponpondylolisthesis 

BonAlive granules of 1-2 mm utilized in clinical studies for patients 
with severe spondylolisthesis or displacement of the spinal column. 
Each patient had an autograft and glass [20–40 g, based on the 
amount required] inserted in the same location using a metal screw 
system; the vertebrae compressed to hold the implants in place 
between them. Eleven years later, the success rate for glass fusion 
was 88%, and while for autografts was 100%. The outcomes 
observed similar when treating osteomyelitis, a condition in which 
bacterial infection lowers the quality of the vertebral bone [70]. 

Application in dental products 

Dental products, particularly toothpaste formulations, have 
successfully incorporated bioactive glasses, owing to their diverse 
benefits. These glasses are capable of releasing antibacterial agents, 
promoting remineralization, and alleviating tooth sensitivity [71]. 
NovaMin, a notable illustration, is a bioactive glass composed of 
calcium-sodium-phosphate silicate. This substance releases ions of 
calcium and phosphate, which results in an elevation of the oral 
environment's pH level [72]. This process results in calcium 
phosphate deposition, which then transforms into hydroxyapatite, 
contributing to the repair and reinforcement of the tooth enamel 
[73]. Biomin F combines fluoride with calcium and phosphate to 
enable the formation of fluorapatite [FAP]. This compound provides 
enhanced durability and resistance against dental decay, making it 
an effective choice for long-term oral health [74]. 

Application in periodontal therapy 

Studies conducted on dogs have demonstrated that bioactive glass 
particles can aid in the restoration of periodontal irregularities by 
enhancing bone mineralization [75]. Due to its composition being 
identical to Bioglass 45S5, PerioGlass frequently employed as a bone 
graft material in the treatment of periodontal bone deficiencies [76]. 
Bioactive glass particles in PerioGlas, ranging from 90 to 710 μm in 
size, can effectively fill bone defects during periodontal procedures. 
Research has demonstrated that this substance promotes the 
regeneration of bone tissue, accelerates the formation of new bone, 
and displays significant bioactive properties [77]. 

Application in orthodontics 

The use of bioactive glass coatings on implants can mitigate infection 
and inflammation risks owing to their innate antimicrobial 

properties. These glasses also improve the connection between the 
titanium implants and bone tissue, thereby shortening the overall 
treatment time [78]. Studies have indicated that orthodontic 
adhesives containing bioactive glass and fluoride strengthen the 
apatite structure, potentially inhibiting the formation of white-spot 
lesions [79]. Moreover, bioactive glasses have shown the ability to 
restore such lesions, which frequently emerge as a consequence of 
orthodontic bracket attachment [79, 80]. Notably, QMAT3 bioactive 
glass causes less enamel damage than Bioglass 45S5 when using air 
abrasion or tungsten carbide burs. Thus, QMAT3 is a more 
conservative method for removing orthodontic adhesives [81]. 

Application in endodontics 

Root canal treatments have also incorporated bioactive glass. In a 
study involving rats, an innovative bioactive glass employed as a 
pulp-capping material for direct pulp-capping procedures [82]. Then 
findings demonstrated that bioactive glass promoted the formation 
of substantial dentin bridges and elicited inflammatory reactions 
comparable to those observed with mineral trioxide aggregate 
[MTA][83]. Gutta-percha combined with Bioglass 45S5 (Bio-Gutta) 
offers a viable alternative to traditional gutta-percha in root canal 
treatments as root fillers. Bio-Gutta is biocompatible and capable of 
bonding directly to dentin walls, and does not require sealers [84]. 

Application in oral and maxillofacial surgery 

Research has shown that bioactive glass outperforms other calcium 
phosphate-based materials, including hydroxyapatite and tricalcium 
phosphate, in promoting bone formation during maxillofacial 
surgical procedures. This superior bone-forming capability of 
bioactive glass has been well documented in various studies. This 
results in rapid and high-quality bone regeneration [85]. Bioglass 
commercially introduced as a synthetic bone graft substitute for 
maxillofacial and orthopedic applications, under the brand names 
Perioglass and Novabone, respectively [86, 87].  

Application in esthetic and restorative dentistry 

The hydrodynamic theory suggests that dentin hypersensitivity 
discomfort alleviated by obstructing nerve endings or sealing the 
dentinal tubules [88]. Bioactive glasses offer an effective solution to 
dentin hypersensitivity pain by binding to collagen fibers and 
promoting the formation of hydroxyapatite, which effectively 
occludes dentinal tubules [89]. PerioGlas, in particular, shown to 
bond firmly with collagen and reduce dentin tenderness by 
occluding tubules [90]. 

Soft tissue repair 

Regenerating soft tissues injured by trauma or pathological lesions 
using biomaterials is a well-established and promising therapeutic 
strategy. This characteristic attributed to the unique capacity of 
biomaterials featuring textured structures, specifically engineered 
compositions, and biocompatible mechanical properties to guide 
and direct endogenous or pre-seeded stem cells [91]. These 
materials encourage cell differentiation and aid the formation and 
restructuring of new tissues. Bioactive glasses [BGs] extensively 
studied in the field of soft-tissue regeneration. Studies have 
demonstrated that these substances have the potential to treat soft 
tissue injuries, including those in the heart, lungs, nerves, and 
epithelium [92]. 

Applications in cardiac tissue engineering 

Studies have shown that bioactive glasses [BGs] hold promise for 
cardiac tissue regeneration, especially when used as nanoparticles 
integrated into soft matrices. Chen et al. [2008] conducted research 
aimed at creating polymeric cardiac patches designed to provide 
mechanical reinforcement and act as delivery systems for cells in 
tissue repair processes. The research team created elastomeric 
nanocomposites with varying concentrations [0–10 wt%] of 45S5 
Bioglass nanoparticles combined with polyglycerol sebacate [PGS]. 
The PGS provided mechanical flexibility, whereas the glass 
nanoparticles enhanced the mechanical properties and functioned as 
cell anchors, facilitating their release into the physiological 
environment. Additionally, glass nanoparticles decreased the acidity 
of the PGS-nano-Bioglass scaffold, thereby improving 
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biocompatibility [93]. Laboratory studies conducted on 
cardiomyocytes derived from human endometrial stromal cells 
demonstrated that PGS-nano-Bioglass showed greater compatibility 
with living tissues than PGS alone, indicating its possible use in 
cardiac tissue engineering [94]. 

Applications in lung tissue engineering 

Patients with conditions such as chronic obstructive pulmonary 
disease [COPD], pulmonary hyperextension, and cystic fibrosis often 
face challenges owing to the limited capacity of the lungs for self-
repair. This limitation frequently necessitates lung transplantation 
as a treatment option. Researchers have proposed the use bioactive 
glasses [BGs] in tissue engineering as a potential alternative. Tan et 
al. conducted an innovative research project investigating the 
biocompatibility of 58S bioactive glass scaffolds produced through 
sol-gel methods. These scaffolds were enhanced with amines, 
mercaptan groups, or laminin, and their compatibility was evaluated 
using MLE-12 cells, which are murine lung epithelial cells. The 
findings showed that pulmonary cells effectively populated all types 
of scaffolds, suggesting compatibility with biological systems and 
facilitating cellular attachment and growth [95]. 

Applications in nerve tissue engineering 

Bioactive glasses [BGs] have shown considerable promise in the field 
of nervous tissue engineering. The initial research work involving in 
vivo study employing bioglass focused on reconstructing sheep facial 
nerves. Scientists have developed dissolvable phosphate glass tubes, 
which are inserted into the epineurium through openings at both 

nerve ends. Following a three-month period, the glass tubes had 
completely dissolved, and full nerve regeneration observed [96]. 

Wound healing 

The healing of chronic wounds is a complicated process influenced by 
various factors, including inadequate blood flow, inflammation, infection, 
and coexisting conditions, such as diabetes [97]. This complexity 
necessitates a comprehensive approach involving multiple disciplines 
and advanced treatment. Bioglass shows promising results in addressing 
the above issues by supporting critical phases of wound healing, 
including blood vessel formation. Bioglass-based formulations, including 
nanocomposites like scaffolds and hydrogels, generate favorable 
conditions for tissue regeneration, reduces scar formation, and regulate 
inflammatory responses [98]. Hydrogels serve as moist wound dressings 
and can adsorb and remove dead tissue, aiding wound healing. 
Resorbable hydrogels, resembling natural tissues, have become widely 
used as scaffolds in tissue engineering [99]. 

Bioglass has demonstrated promising potential in wound healing 
applications owing to its compatibility with biological systems, 
ability to release ions, and antimicrobial properties. Bioactive 
glasses [BGs] possess a chemical makeup that makes them 
appropriate for use as scaffolds to accelerate wound healing. These 
substances can enhance the expression of genes associated with 
healing, including vascular endothelial growth factor [VEGF], basic 
fibroblast growth factor [bFGF], and vascular cell adhesion protein 
[VCAM]. Additionally, 45S5 Bioglass shown to safeguard endothelial 
cells and improve gap junctions, thereby accelerating the wound 
healing process [92]. 

  

Table 2: Applications of various Bioglass in various fields of health care listed 

S. 
No. 

Field of 
application 

Type of bioglass/Brand name Applications Reference 

1 
 

Dental field 
 

 45S5 Detaching residual orthodontic adhesive, pulp capping substance, 
and artificial bone graft. 

[71] 

Novamin Delivery of antimicrobial agents, combat gingivitis, promote 
remineralization, and decrease tooth sensitivity. 

[73] 

BiominF Restoring mineral content in artificial dental caries, occlusion of 
dentinal tubules. 

[74] 

Perioglas Serving as a bone grafts to restore periodontal bone deficiencies. [76] 
QMAT3 Inhibiting the development of white spot lesions and exhibiting 

enhanced antimicrobial and remineralizing capabilities. 
[81] 

2 
 

Orthopaedics 
and bone 
regeneration 
 

S53P4 [BonAlive] To treat chronic osteomyelitis, trauma, and synthetic bone grafting 
after tumor resection, in sinus obliteration to fill the defect. 

[85, 86] 

NovaBone Glass cones to replace a patient's middle ear's tiny bones, non-load-
bearing bone grafts, orthopedic trauma, posterior spinal fusion 
procedures, 

[62] 

Biogran Bone regeneration in orthopedic surgery and to repair jawbone [64] 
3 
 

Soft tissue 
repair 
 

13-93 B3 borate glass microfiber, 
phosphate glass tubes 

Neuronal tissue regeneration [96] 

58S bioactive glass  Lung tissue engineering [95] 
PGS-nano-Bioglass scaffold Cardiac tissue engineering  

4 
 

Wound healing 
 

45S5 Bioglass Wound dressing causes cell proliferation and angiogenesis, Inhibit 
the formation of scar tissue, and regulate inflammatory responses 

[94] 

MIRRAGEN [Borate based wound 
dressing] 

Diabetic pressure, trauma wounds, vascular ulcers, surgical incisions 
and burns 

[102] 

Dermfactor Chronic wounds, diabetic ulcer, surgical incisions, burns and bedsores [102] 
Arglaes, Phosphate [Ag dopped] Full-thickness wounds, management of infection [103] 
Rediheal Borate [Cu  
dopped] animal use 

Promote angiogenesis, trauma wounds, surgical wounds, pressure 
sores, chronic and soft tissue wounds 

[102] 

 

Studies conducted by Li et al. demonstrated that ion extracts from 
45S5 Bioglass can enhance wound healing in both laboratory and 
animal experiments by encouraging the production of connexin 43 
[Cx43], a protein crucial for gap junction intercellular communication. 
The most thoroughly investigated BGs for wound healing applications 
are silicate-based glasses, which increase the local pH and display 
antimicrobial effects [100]. BGs enriched with ions such as silver, 
copper, or zinc possess inherent antibacterial properties, making them 
beneficial for the treatment of chronic or infected wounds, and help 
suppress bacterial growth and reduce infection risks, which are 
especially important in hospital environments [101]. 

CONCLUSION 

Bioglass emerged as a renowned material which has transformed 
health care sector, for its exceptional bioactivity, biocompatibility, 
and versatility. Recent innovations in bioactive glasses, including 
borate, borosilicate, and phosphate compositions, have opened new 
avenues for tissue engineering applications. Through advanced 
processing techniques and compositional adjustments, researchers 
are tailoring bioglass to meet specific therapeutic needs, yielding 
more effective and adaptable solutions for both hard and soft tissue 
repair. 
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One of the major limitations of bioglass, particularly in load-bearing 
applications, is its inherent brittleness. Unlike natural bone, which has 
a combination of strength and flexibility due to its composite structure, 
traditional bioglass lacks fracture toughness and tends to crack under 
mechanical stress. This restricts its use in high-load areas such as long 
bones and weight-bearing joints. Future research aims to capitalize on 
bioglass's advantageous properties while mitigating its brittleness 
through innovative scaffold design and processing, combining bioglass 
with polymers and 3D printing and bio-fabrication. Its applications 
extend to wound care, particularly in reducing amputations from 
diabetic ulcers and addressing sports injuries like cruciate ligament 
damage and cartilage tears. Futher research should be extended in 
customization of bioglass through the incorporation of therapeutic 
ions for controlled drug release, targeted cancer therapies, and tissue 
regeneration in more complex anatomical structures. Recent 
advancements, such as the integration of nanotechnology and 3D 
printing, have facilitated the development of bioglass-based materials 
with customized properties enabling implants and scaffolds for 
individual patients' needs and various applications. 
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