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Highlights:

e This review has presented the synthesis and characterization of
bioactive glass nanoparticles (BGNs) by the sol-gel method and
examined the factors that affect the synthesis of bioactive glass
nanoparticles.

o Characterization: ~ This analysis will ~delve into the
characterization techniques employed to evaluate BG
nanoparticles, focusing on their structural, morphological, and
bioactivity-related properties. Key techniques such as X-ray
diffraction (XRD), Fourier-transform infrared spectroscopy
(FTIR), scanning electron microscopy (SEM), and bioactivity
assays will be discussed to demonstrate how each method aids
in assessing the nanoparticles' potential for biomedical
applications.

. Biomedical Applications: The review will explore both current
and potential biomedical applications of bioactive glass
nanoparticles, especially in areas such as bone tissue
engineering, drug delivery, and antibacterial treatments.

. Fields of usage of BGN are bone regeneration, drug delivery,
antimicrobial coatings, and wound healing, in which they are
bioactive and biocompatible, allowing for stimulating tissue
repair and targeted treatment.
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Abstract: Bioactive glass nanoparticles (BGNs)
are potentially significant in the biomedical
field because of their bioactive, biocomposite,
and versatile nature of applications in various
therapeutic fields. This review discusses the
synthesis of BGNs through the sol-gel method,
which is a low-temperature process, offering
the opportunity to achieve a controlled
composition of the BGNs for their application
in medicine. The morphological, structural, and
chemical characterization methods are
explained to show how these properties affect
the bioactivity of BGN and its fitness for a
BGNs

effectively used in bone regeneration, drug

particular application. have been
delivery, antibacterial treatments, and wound
healing due to their ability to combine with
bone tissue, release therapeutic ions, and
deliver the drug accordingly. It also points to
of BGNs

sophisticated areas, such as cancer treatment

future possibilities in more
and bioimaging, and calls for more design in
strengthening their applications in healthcare-
related fields. This evaluation highlights the
role of BGNs in promoting the progress of
biomedical science and substantiates the
possibility of providing a substantial
contribution to personalized and regenerative

medicine.
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INTRODUCTION

Bioactive glass (BG) is an outstanding material in the biomedical field since its
discovery in the late 1960s by Larry Hench. BG's ability to bond with bone tissue,
promote osteogenesis, and stimulate tissue formation has led to its widespread use
in orthopedics and bone tissue engineering [1]. This property paved the way for the
use of BG in orthopedics together with regenerative medicine, especially in bone
tissue engineering, as it has the potential to promote new tissue formation. After
decades of development, BG nanoparticles have been born and penetrated other
areas such as tissue engineering and drug delivery, where bioactivity,
biocompatibility, and controllable degradation performance are closely related. The
latest decades have seen the development of nanotechnologies that expand the

application of bioactive glass to the nanoscale [2].

Bioactive glass nanoparticles are valued for the extent to which they may engage
with biological environments substantially beyond the capacities of bulk materials.
For instance, in bone regeneration, these nanoparticles enhance the osteogenic
differentiation of mesenchymal stem cells by enhancing the adhesion of bone cells
and aiding in the deposition of minerals that facilitate healing [3]. Due to the fact that
nanoparticles have a large surface area, a greater number of ions can be released from
them, which is valuable for generating cellular reactions. Moreover, in
pharmaceutical applications, the porosity of the BG nanoparticles allows for the
loading and delivery of therapeutic agents in a controlled manner, enhancing their
therapeutic value [4]. In tissue engineering, it can be used as the scaffold or the
composite of the material that provides support for cellular growth and tissue
development, which is an essential requirement for constructing bioengineered

tissues [3].

As mentioned above, the reactivity and the size of the BG nanoparticles enhance
several properties compared to the bulk material. One of the most important
advantages is the high bioactivity promoted by the growth of the surface area to
volume ratio. This enables a faster ion exchange if the material comes into contact
with body fluids, and enhances the creation of hydroxyapatite, a bone-like mineral
that clinches the connection to living bone [5]. This property is important in uses such
as bone grafts or implant materials; an ideal material must integrate well into the

body’s system. Furthermore, the small size and high surface charge of nanoparticles
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increase cellular uptake and interaction and thus are more compatible with the
surrounding tissues [6]. At the same time, the adjustable surface characteristics also
make it possible to employ subsequent biomolecular decorations, which will enhance

their performance in certain roles, like drug delivery systems or bactericidal layers

[7].

BGN refers to the sol-gel developed nanoparticles of bioactive glass, which have
subsequently received immense interest in biomedical uses because of their
characteristics and easier synthesis process [8]. It is noteworthy that BGN prepared
using the sol-gel technique can be easily and reproducibly tailored to have desired
characteristics, specifically size, shape, pore structure, and composition. This method
has been employed to coat a wide range of materials used in biomedical implants as
well as drug delivery systems [9]. The structural features and elemental concentration
of bioactive sol-gel-derived glasses that make up the porous structure play a key role
in their biological performance, explaining why the synthesis process should be well
controlled for application in biomedical engineering [10]. Various methods, like
microemulsion and acid-catalyzed synthesis, have been used to synthesize BGN with
certain properties. These materials contain potential for use in bone tissue
engineering and other biomedical sectors such as soft tissue repair and wound

healing applications [8, 10].
Significance of the Sol-Gel Method in Nanoparticle Synthesis

The sol-gel route is acknowledged as one of the best approaches toward
synthesizing bioglass nanoparticles because of its high flexibility and purity of
materials with desired composition and morphology [8, 11]. Compared to
conventional melt-quenching techniques, this method has a couple of advantages:
better bioactivity and better control over the processing conditions [11]. The synthesis
technique of sol-gel is used to stabilize the BGNs and control their size, shape, pore
size, and composition, as they are critical factors for their performance in the
biomedical industry, according to Zheng and Boccaccini[8]. These applications are
not limited to the promotion of bone regeneration alone but also in soft tissue repair,
wound healing, and in the targeted delivery of drugs [8, 9]. Several approaches for
the fabrication of sol-gel have been invented, involving different catalysts, templates,

and dopants to enhance the properties of BGN [9, 12].
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Sol-gel process entails the conversion of a sol solution containing the precursors to

a gel, then to solid nanospheres through hydrolysis and polycondensation reactions.

This approach provides multiple advantages:

Another advantage of the sol-gel method is that it performs its function at
substantially lower temperatures, usually below 200°c, and for this reason,
volatile organic components may be preserved, while heat-sensitive biomolecules
or therapeutic agents can be integrated into the nanoparticles during the process.
This method of synthesis is excellent in the preparation of bioactive glass
nanoparticles for use in biomedical applications because high temperature may

affect some properties of these glasses [13].

The sol-gel process is a versatile method with the ability to create perfect control
over the composition of nanoparticles. Through proper control of choices of the
precursors and reaction conditions, it is possible to incorporate specific ions
(such as calcium, phosphorus, or even therapeutic ions such as silver or zinc) that
increase the bioactivity and specific biological reactions [14, 15]. Furthermore,
the sol-gel method is followed by a pleasant control over the size, morphology,
and porosity of the nanoparticles that can directly affect the biological

performance of the scaffold and interaction with adjacent tissues [15, 16].

The solution-bred characteristic of the sol-gel method allows the incorporation
of the precursors at the molecular level, thus good dispersion of elements within
the nanoparticles [17]. This homogeneity is actually enrichment for homogenous
bioactivity through the particle, because all the particles in the material possess
the same composition and properties of structure. Also, the sol-gel process
normally generates high-purity materials, whereby there is a reduced number of
impurities that may hinder either the bioactivity or the compatibility of the

nanoparticles [18].

Even with these benefits, creating consistent, bioactive glass nanoparticles through

the sol-gel method poses various challenges that researchers are currently striving to

address.

Achieving consistent nanoscale particle sizes can be challenging with the sol-gel

method due to factors such as rapid gelation and the tendency of nanoparticles
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to clump together during the drying phase [15]. This aggregation can impede the
bioactivity of the nanoparticles by decreasing their effective surface area, which
in turn limits ion exchange and interaction with biological environments [19].
Researchers need to carefully optimize synthesis parameters—like pH, precursor
concentration, and drying conditions—to produce well-dispersed, uniform

particles.

e The sol-gel method allows for the inclusion of bioactive ions, but reaching the
desired bioactivity level can be difficult. Minor changes in reaction conditions can
affect the material's composition and, in turn, its bioactivity. Furthermore, fine-
tuning the sol-gel process to create bioactive glass nanoparticles that can
effectively form hydroxyapatite—the bone-like mineral essential for bonding with

bone tissue—demands careful control over the synthesis parameters [14].

e The sol-gel synthesis of bioactive glass nanoparticles (BGNs) allows for precise
control over their composition and properties, which is essential for biomedical
applications [8]. However, achieving the desired level of bioactivity can be
difficult, as even minor changes in reaction conditions can impact the material's
composition [8]. Various factors, including the type of solvent, the order of
reagent addition, stirring duration, and catalyst concentration, play a role in ion
incorporation and particle size [14]. While the calcium content is known to affect
bioactivity, its influence may not be significant within certain compositions [15].
The sol-gel method is versatile, enabling the creation of different bioactive
materials, such as nanoparticles for cancer treatment and drug delivery systems
[13]. To optimize the sol-gel process for producing BGNs that can effectively form
hydroxyapatite—critical for bonding with bone tissue—careful control over the

synthesis variables is necessary [8, 14].
Objective and Focus of the Review

This review provides an in-depth analysis of bioactive glass (BG) nanoparticles
created through the sol-gel method, emphasizing their synthesis, characterization,
and potential uses in the biomedical sector. BG nanoparticles have demonstrated
significant promise in promoting bone regeneration, facilitating drug delivery, and
serving other biomedical purposes due to their distinctive properties and favorable

interactions with biological environments. Considering the benefits of the sol-gel
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method, such as its ability to precisely control particle composition and structure,
this review will explore the specific techniques employed to optimize the synthesis of

BG nanoparticles and how their bioactivity can be enhanced for various applications.
The review will focus on three key aspects:

Synthesis: The discussion will delve into the principles of the sol-gel method and
examine the factors that affect the synthesis of bioactive glass nanoparticles. This
includes aspects like reaction conditions, the selection of precursors, and the ability
to control particle size and structure. Special attention will be given to strategies
aimed at addressing challenges related to uniformity and scalability in the sol-gel

process.

Characterization: This analysis will delve into the characterization techniques

employed to evaluate BG nanoparticles, focusing on their structural, morphological,
and bioactivity-related properties. Key techniques such as X-ray diffraction (XRD),
Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy
(SEM), and bioactivity assays will be discussed to demonstrate how each method aids

in assessing the nanoparticles' potential for biomedical applications.

Biomedical Applications: The review will explore both current and potential

biomedical applications of bioactive glass nanoparticles, especially in areas such as
bone tissue engineering, drug delivery, and antibacterial treatments. It will discuss
how BG nanoparticles contribute to tissue regeneration, enhance therapeutic
efficacy, and support various medical interventions, highlighting the importance of

these materials.

SYNTHESIS OF BIOACTIVE GLASS NANOPARTICLES USING SOL-
GEL METHOD

1. Principles of the Sol-Gel Process

The sol-gel process is a wet-chemical technique employed to fabricate solid
materials with precise compositions at the nanoscale. This method is commonly
utilized to produce advanced materials like bioactive glass (BG) nanoparticles [14].

The process consists of several important stages:

Preparation of the Initial Solution (Sol): The First step involves the dissolution of an
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organometallic precursor, generally a metal alkoxide, such as silica or calcium
alkoxides, in a suitable solution. This creates the solution from which the reaction will

start — it has liquid precursors that will yield a solid network [20].

Chemical Reactions (Hydrolysis and Condensation): The sol gets set as a chemical

reaction by the addition of dilute water content with an optional addition of acid or
alkaline catalyst. This leads to the hydrolysis and condensation reactions, which
enable the formation of cross-linkages with the formation of an interconnected

network of the precursor molecules (the reactions are described below)[21].

Gelation: As the condensation reactions proceed to completion, the sol turns into a
semi-solid, partly fluid state within the system known as the gel. The gel is an
interconnected particle network that is formed at a later stage of the reaction of the

interlinkage of the precursors [22].

Drying: Subsequent cross-linking is followed by solvent evaporation, and this makes
the gel shrink into a more competent solid mass with improved homogeneity in terms
of composition. The drying stage facilitates the regulation of pore characteristics
since the number of pores, pore size, and pore distribution in the final solid are

significantly less than those of the initial gel [23].

Aging and Calcination: Finally, the dried gel is treated with respective temperatures

to avoid remaining traces of organic matter and also enhance its mechanical and

thermal strength. This results in a highly pure, nanostructured glass material [17].
Key Reactions Involved (Hydrolysis and Condensation)

Hydrolysis: The sol-gel mechanism is launched by hydrolysis. Water
molecules also interact with the metal alkoxide (for example, tetraethyl orthosilicate)
in a manner that displaces the alkoxide functional groups (-OR) with the hydroxyl
functional groups (-OH) [24]. The general equation for hydrolysis can be represented

as:
M(OR), + xH,0 - M(OH), + xROH eq.1

Here, the meaning of M is the metal (for instance, silicon), and R is the organic
group that is bonded to M. Hydrolysis yields hydroxyl functions that are useful in the

latter condensation process. Hydrolysis results in the formation of hydroxyl groups
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of significance in the subsequent condensation reaction.

Condensation: After the hydrolysis step, the hydroxyl groups present on the
polymer chain tend to react with each other or with the remaining alkoxide groups
and thus newly formed oxide bonds, or links (M-O-M) are generated between the
molecules. This leads to the formation of the solid network while the
thiosemicarbazones and the complexes are obtained as the products [25]. The

condensation reactions can occur as follows:

Condensation between two -OH groups:
M(OH)+ M(OH) > M —-0—-M+ H,0 eq.2

Condensation between -OH and -OR groups:

M(OR) + M(OH) > M — 0 — M + ROH eq.3

As we know, the sol-gel process depends on hydrolysis and condensation
reactions whereby the molecules link up and form a multiple network. This stepwise
assembly finally leads to the formation of a solid nanostructured material with

predetermined characteristics.
2. Precursors and Reagents

Common Precursors In the sol-gel synthesis of bioactive glass nanoparticles,

common precursors include:

Alkoxysilanes (e.g., Tetraethyl Orthosilicate, TEOS): The alkoxysilanes are generally
employed as a silica source in the manufacturing process of bioactive glass; it is an
important structural component in its framework. Among various alkoxysilanes,
TEOS is the most common, which results in a siloxane network through hydrolysis

and condensation[26].

Calcium Sources (e.g., Calcium Nitrate, Calcium Chloride): According to previous
studies, bioactivity and osteoconductivity of calcium ions are crucial for bioactive
glasses. Calcium sources cause the incorporation of calcium ions with the sol-gel
solution, and they behave as substituent ions within the glass matrix in the entire sol-
gel process. When the material comes into contact with water in biological fluids, ion

exchange and bioactivity occur [27].
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Phosphorus Sources (e.g., Triethyl Phosphate, TEP): Phosphorus has significance in
the creation of hydroxyapatite, which is a ceramic phase that resembles the
composition of bone. TEP and other phosphorus sources supply phosphate groups
that may further the bioactive nature of the glass to form a bio-socially favorable

surface layer in physiological conditions[28].
Function of Each Component in the Sol-Gel Process

Silica Source: In the case of well-known alkoxysilanes, such as TEOS, the primary
matrix for the bioactive glass is already formed through hydrolysis and condensation

reactions [29].

Calcium Source: The rate of the glass hydrolysis depends on the ability of calcium
precursors to modulate bioactivity. Fluorescence studies indicate that in
physiological environments, the bioactive glass releases calcium ions, which

coordinate with natural bone tissues for bonding [27].

Phosphorus Source: The present phosphate precursors allow the bioactive glass to
promote the formation of a hydroxyapatite layer of natural bone, which is critical in

the adhesion process [30].

Each component is chosen to achieve the highest possible performance and harmony
of bioactive glass nanoparticles to create materials for multiple biomedical purposes,

such as bone tissue reconstruction and tissue engineering.

3. Influence of pH, Solvent Type, Temperature, Aging, and Drying on the
Structure and Size of BGNs

e DpH:

pH influences the rate of hydrolysis and condensation in the sol-gel process, altering

the structure and size of bioactive glass nanoparticles (BGNs) [8].

The rationale for the slower condensation rates being preferred for acidic conditions
is that such conditions yield. Smaller, uniform particles, while basic conditions can

spur condensation; thus, petroleum coke with bigger sizes and potentially different

porosity [31].

e Solvent Type:
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The volatility of solvents affects the dispersion of solutes that, in this case, are
precursors in the formation of the particular particles. The definition of the green
solvent should consider low toxicity and the ability to distribute precursors evenly,

such as polar solvents, including ethanol[32].

The polarity, dielectric constant, and viscosity of the solvent can all affect particle size
and morphology, and higher solvent polarity tends to give more uniform

nanoparticles [33].
e Temperature:

Higher synthesis temperatures normally enhance the rates of hydrolysis and
condensation, thus leading to larger particle sizes. Nevertheless, aggregation is seen

at very high temperatures [34].

Regulation of temperature can be used to adjust the particle size and porosity;

moderate temperature gives well-distributed nanoparticles [35].
e Aging:

This is the time they refer to as aging and is the time the gel is allowed to continue
with the condensation reactions required to strengthen the network. Normal aging is
at least characterized by an improvement of the network connection in addition to

the enhanced porosity density, resulting in more compact structures of BGNs [8].

e Drying:

The stage of drying impacts solvents, shrinkage, and even porosity, and the stability
of particles. This enables controlled drying to help achieve homogeneity in size and
shape, while an overexposure may lead to cracking and disruption of the particles’

shape [36].
Some of the Approaches for Regulating the Shape of Nanoparticles

Use of Surfactants: Antistatic agents are employed to regulate particle size and to
avoid aggregation. Other reagents, such as CTAB, participate in stabilizing
mechanisms through the formation of an interparticle layer. At the surface of growing

particles, surfactant molecules form a layer, which assists in preventing a particle
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from growing too large and in defining its shape, mostly spherical or some other well-

defined form [37].

Templating Techniques: Templating, therefore, requires the use of a pre-structured
material that guides the formation of the growing nanoparticles. For example, soft
templates such as micelles or hard templates, such as polymer beads, generate
structures that define the formation of nanoparticles. In the case of the sol-gel
process, the template can be eliminated while a structure remains well-defined and
of a certain size. This method can be useful for creating BGNs of definite shapes, for

example, hollow or porous nanoparticles, which may be desirable for drug delivery
[38].

If these parameters and techniques are fine-tuned, researchers can thus fine-tune the
characteristics of bioactive glass nanoparticles that would be useful in various

biomedical applications, such as improving bioactivity.
CHARACTERIZATION OF BIOACTIVE GLASS NANOPARTICLES

Knowledge of bioactive glass nanoparticles’ (BGNs) general characteristics is
imperative, as physical and chemical properties determine their efficiency in
biomedical usage. Appropriate estimation of morphology, structure, chemical
composition, and surface properties of BGNs can aid researchers in achieving the
characteristics needed for the desired applications, such as bone regeneration, drug
delivery, and tissue engineering. The characterization techniques offer useful
information on the size and shape of BGNs, the crystalline structure, and chemical
composition of BGNs, which are essential for enhancing bioactivity, compatibility,

and stability.
Morphological and Structural Characterization

Techniques for Size and Shape Analysis are that the field emission SEM affords
excellent on-plane resolution of surface topographical features and particle size in the
range of BGNs. It also enables the determination of the uniformity and structure of

the particle, especially at the nanometer surface features of the particle [ 39].

TEM is higher in resolution than SEM and can also be used to show internal

structure imaging of BGNs. It is also useful for comparing different end products
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across the size distribution, including changes in shape and size of various particles,
or for identifying whether the internal structure of the particles is porous or

crystalline [40].

DLS is employed to determine the particle size of a nanoparticle in a liquid
medium and also the extent of its aggregation. This method is suitable for analyzing
BGNs in different biological milieus since what a particle is doing in solution may

greatly influence its bioactivity and ability to interact with cells [41].

Crystal Structure Analysis: XRD identifies the crystalline or amorphous nature of
BGN:s; it also demonstrates that they are crystalline. This technique gives details of
crystalline phases and the level of crystallinity, which is crucial for bioactivity.
Bioactive glass is generally non-crystalline, but some level of crystallinity can be

controlled for a desired function [42].

FTIR identifies the chemical structures and the specific chemical group of BGNs.
It is beneficial for the purpose of examining the structural regularities of certain
molecular configurations like Si—O-Si/ Si—O—Ca, which are responsible for the
bioactivity as well as the dissolution characteristics of the created oxide glass. FTIR
is usually applied for checking whether or not additions of such or such elements as

calcium or phosphorus are well incorporated and for following changes on the surface

[43 1.

Bioactivity Evaluation

A determination of the bioactivity of bioactive glass nanoparticles (BGNs) is
crucial in understanding their potential for use in biomedical applications, especially
in bone tissue engineering. Bioactivity means the ability of BGNs to adhere to
biological tissues, usually determined by their propensity to create hydroxyapatite
(HA) — a ‘bone-like’ mineral when exposed to liquids that mimic the human body
[44]. Cytotoxicity and cell lineage-directed gene expression assays used in bioactivity
tests indicate the ability of BGNs to interact appropriately with the human body, with
regard to the adhesion and differentiation of cells, as well as their integration into

natural bone [ 45].

BIOMEDICAL APPLICATIONS OF BIOACTIVE GLASS
NANOPARTICLES
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Synthesized inorganic bioactive glass nanoparticles (BGNs) have found
numerous applications in different fields of biomedical flux due to their high
bioactivity, biocompatibility, and utility. In hard tissue engineering applications, it
was demonstrated that BGNs may provide effective approaches for bone
regeneration, drug delivery, and antibacterial properties, while in soft tissue

engineering applications, the potential application of BGNs has also been outlined

[8].
1. Bone Regeneration and Tissue Engineering

Mechanisms of Interaction Between BGNs and Bone Tissue:

BGNs communicate with hard tissue by the capacity to develop an HA layer
when placed in body fluids. This HA layer is a bonding interface by which BGNs
adhere to and interpenetrate with natural bone. Furthermore, ions such as calcium
and silicon released from BGNs can promote cell behaviors that facilitate bone

formation, osteoblast differentiation, as well as improved bone remodeling [46].

Studies Showing Osteoconductive and Osteoinductive:

BGNss are acknowledged to possess osteoconductive — the capacity to promote
adhesion and the subsequent division of new bone cells attached to the BGN surface.
Several works have also shown that the ions released from BGNs also possess
osteoinductivity: the process of activating progenitor cells into osteoblasts that form
bone tissue. These properties make BGNs well-suited for use in scaffolds within the

field of tissue engineering, particularly for bone injury and repair[46].
2. Drug Delivery Systems

Loading Capacity, Release Kinetics, and Controlled Drug Release Potential:

The synthesized BGNs are highly porous with a large surface area, and hence
they act as a matrix to load drugs into them. Ion-exchange and degradation rates of
BGNs can be regulated, thus facilitating the controlled release of drugs, fulfilling the
purpose of localized therapy for extended periods. It is, therefore, most helpful in
situations that require a constant programme of the drug, for instance, in cancer

treatment or infection control [47]
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Examples of Drugs or Biomolecules Delivered Using BGNs:

Nice examples of therapeutic agents that have been delivered using BGNs
include antibiotics such as gentamicin and ciprofloxacin, anti-inflammatory drugs
such as ibuprofen, and growth factors such as bone morphogenetic proteins. This
flexibility enables BGNs to embellish several treatment modalities, like those that

target tissues of interest or therapeutics that need slow and sustained release [48 ].

3. Antibacterial and Wound Healing Applications

Surface Modifications or Compositional Adjustments for Enhanced Antibacterial
Activity:

The introduction of ions such as silver, copper, or zinc into BGNs was found to
improve the antibacterial efficacy to make them relevant in dressings of wounds and
implants that require controlling bacterial infections. These ions interfere with the
bacterial cell membranes and their ability to reproduce, and thus, arthroplasty

implant surfaces are not coated with biofilms [49].

Potential for BGNs in Wound Healing and Other Soft Tissue Applications:

In Wound healing, for instance, BGNs encourage new tissue formation by
liberating ions for cellular activity and offering a suitable atmosphere for migration
and proliferation of skin cells. Other examples of BGN, including those with
controlled porosity and of ions, have been incorporated into wound dressings for
treating chronic wounds and burns intended for soft tissue application other than for

bone regeneration [50].
CONCLUSION

This review has presented the synthesis and characterization of BGNs and
their various biomedical uses. Of all sol-gel techniques, the synthesis of BGNs has
benefitted from a high degree of flexibility regarding its composition and structure.
The healthcare applications of BGNs can be tailored through the approach that
involves the complete characterization of BGNs by morphology, surface chemistry,
porosity, and bioactivity [8]. Fields of usage of BGN are bone regeneration, drug
delivery, antimicrobial coatings, and wound healing, in which they are bioactive and

biocompatible, allowing for stimulating tissue repair and targeted treatment.
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Thus, bioactive glass nanoparticles have garnered great interest in biomedical

research as they have high biocompatibility, variable characteristics, and bioactivity

features. These nanoparticles offer new prospects for issues that arise in tissue

engineering, drug delivery, and combating bacterial infection, all of which are

significant improvements in health care technology [3]. As can be seen, the property

of BGNs to combine with bone tissue, stimulate cell differentiation, and deliver

therapeutic agents makes them perfect for regenerative medicine and much more.
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NOMENCLATURE

BGNs Bio glass nanoparticles

T Temperature, °C
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