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Osteosarcoma treatment requires a multidisciplinary team approach. Standard therapy for localized osteosarcoma includes
a combination of chemotherapy and surgical intervention. Survivors require specialized long-term follow-up, as both
chemotherapy and surgery may lead to significant and lasting adverse effects on patients’ quality of life. This article aims
to explore the potential of innovative osteosarcoma treatment strategies involving bioactive glass. To review the scope of
existing studies on the applicability of mesoporous bioactive glass doped with inorganic compounds in osteosarcoma,
scientific publications from global sources were analyzed. The literature search was conducted in February and March
2025 using the electronic databases PubMed, Google Scholar, and ResearchGate. A total of 42 full-text articles were
identified, with a substantial increase in publications over the past five years, reflecting the growing scientific interest in
this topic. Mesoporous bioactive glass represents a specialized class of bioactive materials with excellent capacity for
controlled drug release in malignant tumors. This type of glass exhibits structural characteristics similar to mesoporous
silicate materials while retaining the compositional features typical of conventional bioactive glasses. The combination of
traditional therapy with the synergistic bone-regenerative potential of mesoporous bioactive glass provides a strong
foundation for the development of new treatment approaches for bone cancer. Evidence indicates that ions released from

mesoporous bioactive glasses demonstrate high therapeutic efficacy in cancer treatment and tissue engineering.
Keywords: mesoporous bioactive glass, osteosarcoma, bone regeneration, innovation, treatment.

1. INTRODUCTION

Osteosarcoma (also called osteogenic sarcoma) is the
most common type of cancer that originates in the bones.
The cancer cells in these tumors resemble early forms of
bone-forming cells, which normally contribute to the
development of new bone tissue; however, the bone tissue
produced in osteosarcoma is not as strong as that of healthy
bone. Osteosarcoma most frequently occurs in teenagers
and young adults, although it may also develop in younger
children and older adults. It is most commonly found in the
long bones.

Osteosarcoma typically arises in areas where bone
growth is most rapid. The majority of tumors develop in the
bones around the knee, in the distal femur or proximal tibia.
The proximal humerus is the next most common site.
Nevertheless, osteosarcoma can occur in any bone,
including those of the pelvis, shoulder, and jaw [1, 2]. Signs
and symptoms may include swelling near a bone, bone or
joint pain, a bone injury, or a fracture occurring without an
obvious cause.

The exact cause of osteosarcoma remains unknown.
Factors that increase the risk include prior radiation therapy,
other bone disorders such as fibrous dysplasia, and certain
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hereditary or genetic conditions, including hereditary
retinoblastoma and Bloom syndrome. Osteosarcoma can
spread from its primary site to other parts of the body,
complicating treatment and recovery. Metastasis most often
occurs in the lungs or other bones.

The aggressive chemotherapy required to treat
osteosarcoma can lead to significant short- and long-term
side effects. Nevertheless, advancements in treatment have
substantially improved the prognosis for patients over the
years. Lifelong follow-up is recommended after completion
of therapy to monitor for potential late effects of intensive
treatment [3, 4].

Bioactive glasses are increasingly used in osteosarcoma
treatment due to their unique physical and materials-science
properties, which allow for both the elimination of tumor
cells and the stimulation of bone regeneration. Their
precisely tunable composition and structure make them
highly versatile, enabling applications in the repair of bone
defects, treatment of infections, and targeted delivery of
drugs or therapeutic ions. These properties collectively
determine the bioactivity, biocompatibility, solubility,
mechanical behavior, and overall therapeutic potential of
bioglass. Bioglass can be synthesized with varying ratios of
Si02, Ca0, Na:0, P:0s, and other oxides, allowing precise



control over bioactivity, solubility, and mechanical
properties, while the incorporation of ions such as Mg, Zn,
Sr, Cu, Ag, Fe, Ga, and rare earth elements further enhances
osteogenesis, angiogenesis, antibacterial, and antitumor
effects [5-7].

The high porosity and large specific surface area of
mesoporous and nanostructured bioglasses provide
substantial space for loading drugs and therapeutic
molecules, enabling high loading efficiency and controlled
release. The release rate can be finely adjusted through pore
size, chemical composition, and surface functionalization.
These mesoporous structures allow the simultaneous
incorporation of different drugs and ions, whose release can
be regulated by changes in pH, temperature, enzymatic
activity, or other external stimuli [8—10]. In addition, the
high surface area promotes rapid formation of a
hydroxyapatite layer upon contact with body fluids, which
is essential for osteoinduction and successful integration
with bone tissue. The surface topography and nanoscale
architecture further enhance cell adhesion, proliferation, and
differentiation of bone cells, thereby accelerating bone
regeneration [11].

Doping bioglass with specific metals (e.g., iron,
bismuth, ruthenium, tellurium) enables the application of
photothermal or magnetic hyperthermia, which relies on
localized heat generation capable of inducing tumor cell
ablation when the material is subjected to infrared
irradiation or an alternating magnetic field [12—-15]. The
porous structure and controlled release of therapeutic ions
such as Ca, P, Si, Ga, and Fe stimulate osteogenesis and may
exert selective cytotoxic effects on osteosarcoma cells
[16, 17]. Chemotherapeutic agents, genes, or polyphenols
can also be loaded and released in a controlled manner,
specifically targeting tumor cells. Collectively, these
features enable bioglass to provide photothermal/magnetic
effects, selective cytotoxicity, and stimulation of bone
regeneration, making multifunctional bioglasses a
promising platform for simultaneous tumor treatment and
bone defect repair [16, 18].

Bioglass is applied in osteosarcoma treatment due to its
capacity for physicochemical modification, which provides
photothermal/magnetic effects, selective cytotoxicity, and
the stimulation of bone regeneration. Multifunctional
bioglasses represent a promising platform for the
simultaneous treatment of tumors and the repair of bone
defects.

The incorporation of various inorganic dopants into
mesoporous bioactive glasses induces significant changes in
the glass network structure, porosity, and bioactivity.
Dopants such as Cu, Sr, Fe, and others can occupy positions
of network modifiers, leading to changes in silicate network
connectivity and the creation of defects or pore enlargement
[19-21]. Modeling the structure and properties of
mesoporous bioactive glasses plays a key role in
understanding and enabling rational design. Multiscale
approaches, including molecular dynamics simulations,
density functional theory, and continuum models, allow
analysis of the relationships between chemical composition,
network structure, and functional properties, enabling
predictions of solubility, ion exchange, porosity, and
mechanical behavior [22].

The combination of theoretical modeling and
experimental solid-state  NMR analyses reveals the
mechanisms by which doping with various inorganic
components modifies the glass network and bioactivity.
Phosphorus oxide facilitates apatite nucleation, strontium
reduces network connectivity and stimulates osteogenesis,
while copper and cobalt introduce redox-active centers
associated with angiogenic and anticancer effects. The
incorporation of boron increases structural heterogeneity
and accelerates degradation. These structural modifications
correlate directly with ion release profiles and biological
responses, enabling the engineering design of mesoporous
bioactive glasses with targeted functionality for
osteosarcoma-related applications [23, 24].

Experimental studies are essential for evaluating
mesoporous bioactive glasses doped with Cu, Zn, Sr, Co,
Fe, and B. These materials are primarily synthesized via
sol-gel and microemulsion methods, which provide precise
control over composition, morphology, and pore structure.
Structural characterization is performed using XRD, SEM,
TEM, and FTIR analyses, while BET measurements
quantitatively determine specific surface area and porosity,
which are directly related to bioactivity and ion release
kinetics [25, 26]. Bioactivity and biocompatibility are
demonstrated through in vitro tests, including
hydroxyapatite layer formation in simulated body fluid and
favorable cellular compatibility —with osteoblasts,
mesenchymal stem cells, and fibroblasts. Doping with ions
such as Cu, Zn, Ag, and Fe imparts antibacterial and
anticancer properties via reactive oxygen species
generation, while mechanical properties can be tailored
through boron incorporation, enhancing strength and
hardness while simultaneously accelerating degradation and
ion release [27].

This article aims to investigate the potential of using
bioactive glass as an innovative treatment approach for
osteosarcoma.

2. MATERIALS AND METHODS
2.1. Search strategy and selection criteria

A structured literature search was conducted in
PubMed, Google Scholar, and ResearchGate using
advanced search options. Two groups of keywords were
applied:

1. osteosarcoma-related terms (“development of the
disease osteosarcoma”, “risk groups”, “innovations in
treatment”, “treatment”, “long-term treatment effects”);
and

2. bioactive glass terms (“mesoporous bioactive glass”,
“inorganic doping”, “bioactive glass doped with
inorganic compounds”, “biomedical application”).
Filters were applied when available: full-text access,

English language, peer-reviewed articles, and relevance to

biomaterials, oncology, or biomedical engineering. The

search covered January 2018 — March 2025. To refine the
results and ensure the relevance of the material, several
filters were applied when available within the databases:

— full-text availability;

— language: English;

— publication type: peer-reviewed journal articles;



— subject focus: biomaterials, oncology, biomedical

engineering, nanotechnology;

— access type: open access or open archive (when

possible).
2.2.

Inclusion and Exclusion Criteria

— provided insufficient methodological detail.
2.3. Statistical analyses and presentation

Descriptive  statistical —analysis and  graphical
representations of the extracted data were prepared using
MS Excel 2016.

Inclusion Criteria. Studies were included if they:

— addressed osteosarcoma development, treatment, or
disease-related factors, and/or investigated mesoporous
bioactive glass doped with inorganic compounds or its

application in bone regeneration;

— were full-text, peer-reviewed journal articles (reviews

or in vitro/in vivo studies);

— were written in English or Bulgarian and published

within 2018 — 2025;

— provided sufficient methodological information for

scientific evaluation.

Exclusion Criteria. Studies were excluded if they:
— did not focus on osteosarcoma or on doped mesoporous

bioactive glass;
— examined
nanostructures;

— lacked full-text access or were non—peer-reviewed

unrelated biomaterials,

polymers, or

(e.g., abstracts, conference summaries, theses);
— were published in languages other than English or

outside the 2018—-2025 time frame;

Table 1. Main themes found in the articles

3. RESULTS

Following the literature search, a total of 312 records
were initially identified. After removing duplicates and
screening titles and abstracts for relevance, 198 articles were
excluded due to a lack of focus on osteosarcoma,
insufficient relevance to mesoporous bioactive glass, or the
absence of full-text availability.

A full-text assessment was then conducted for 114
articles. During this stage, 72 records were excluded based
on predefined criteria, including non-peer-reviewed
publications, insufficient methodological detail, lack of
connection to doped mesoporous bioactive glass, or lack of
relevance to osteosarcoma-related therapeutic applications.

After this multistep selection process, 42 studies met all
inclusion criteria and were included in the final qualitative
synthesis. The main themes identified in these studies are
summarized in Table 1.

osteosarcoma cells, focusing on ferroptosis
induction and its potential for bone
regeneration.

Topic Articles Purpose of the study

Evolution of diagnosis and therapeutic 28,29, 30, | The studies present the evolution of osteosarcoma diagnosis and treatment, from

Strategies in Osteosarcoma 31 standard surgical and chemotherapeutic approaches to contemporary targeted and
immunotherapeutic ~ strategies, with an emphasis on early diagnosis, a
multidisciplinary approach, therapeutic resistance, and improvements in survival and
quality of life.

Osteosarcoma treatment and bone regeneration: 28, 30, 31, | The studies provide an integrated overview of osteosarcoma, encompassing standard

therapeutic strategies and biomaterial 32,33,34 | and innovative therapeutic approaches, advances in diagnosis and treatment,

innovations including targeted and immunotherapies, the role and complexity of the tumor
microenvironment, emerging molecular targets identified through single-cell
transcriptomics, and the development of novel biomaterials for bone regeneration,
with an emphasis on multidisciplinary management and the need for improved
therapeutic strategies.

Osteosarcoma pathogenesis, tumor 2,28,31, | Theobjective is to provide an overview of osteosarcoma pathogenesis, diagnosis, and

microenvironment, and emerging therapies 33 treatment, highlighting the role of the tumor microenvironment in metastasis and drug
resistance, and discussing current and emerging therapies, including targeted and
immunotherapeutic strategies, with emphasis on metastatic and resistant cases.

Current and emerging therapies in pediatric 28, 29, 31, | The objective is to review current and emerging therapies for pediatric osteosarcoma,

osteosarcoma: tumor microenvironment and 32,35 including standard and targeted approaches, highlighting challenges in metastatic and

novel therapeutic targets resistant cases, the role of the tumor microenvironment, and the identification of novel
therapeutic targets and metabolic vulnerabilities.

The study focuses on Eu-doped mesoporous 36 Development and evaluation of the efficacy of europium-doped mesoporous

bioactive glass nanospheres for controlled bioactive glass nanospheres for osteosarcoma treatment.

doxorubicin release and inhibition of MG-63

osteosarcoma cells.

Development of PHBV microspheres with 37,38,39 | The study aims to develop antibacterial and bone-regenerative microspheres,

mesoporous bioactive glass nanoparticles, PLA- optimize electrophoretic coatings for magnesium implants, and assess PSME2 as a

co-GA antibacterial coatings on magnesium, biomarker influencing osteosarcoma malignancy.

and evaluation of PSME2 as a biomarker

influencing osteosarcoma malignancy.

Molecular mechanisms of chemoresistance in 37,40 Investigation of PRKDC in doxorubicin resistance via GNAS stabilization and AKT

osteosarcoma and biomaterials for bone activation, and development of PHBV microspheres with mesoporous bioactive glass

regeneration and antimicrobial protection nanoparticles loaded with cinnamaldehyde for antibacterial and bone-regenerative
applications.

Study of tellurium-doped bioactive glass on 41 The study aims to develop a novel biomaterial that simultaneously eliminates residual

tumor cells and supports bone tissue regeneration.




Sixteen of the articles analyzed are related to the course
of the disease, risk factors, treatment and innovations in the
treatment provided. Of the 16 studies, 14 are literature
reviews and 2 are related to clinical studies of patients. The
results found that osteosarcoma is the most common and
severe bone malignant tumor, characterized by a high
degree of metastasis, which in most cases affects the lungs.
A higher peak of the disease is found in children and
adolescents [28, 29]. Timely diagnosis is a challenge for
specialists, because nonspecific symptoms are observed,
mimicking musculoskeletal injuries, which reflects a low
suspicion for osteosarcoma on the part of physicians
[33, 35].

It has been established that the overall survival of
patients with localized osteosarcoma is approximately five
years, while in cases with metastatic disease, survival
decreases proportionally to the extent of metastatic
involvement [28, 42]. In the context of developing new
therapeutic strategies to improve patient outcomes, there is
a recognized need for a deeper and more comprehensive
analysis of the complex osteosarcoma microenvironment
[32, 43]. Furthermore, resistance to chemotherapy has been
identified as a major challenge and one of the leading causes
of poor prognosis in affected patients [36, 44]. Efforts are
currently underway to introduce personalized therapeutic
approaches for osteosarcoma through the identification and
analysis of new biomarkers in high-risk patients, enabling
more precise treatment strategies. With the advancement of
modern technologies, including artificial intelligence,
researchers have demonstrated the potential to analyze
groups of clinical factors to enhance the accuracy of
prognostic assessments [33, 35].

Various studies also explore options for screening and
monitoring in children, emphasizing the need for reliable
disease markers within this vulnerable population [34, 45].
Screening practices are found to focus predominantly on
groups at elevated risk of osteosarcoma, such as individuals
with a genetic predisposition to cancer development
[33, 37]. The impact of fluoride exposure in childhood on
the development of multiple diseases, including
osteosarcoma, has also been investigated; however, current
evidence remains insufficient to establish a definitive link
or to confirm predictive value regarding future disease
development [46, 47].

New therapeutic possibilities for osteosarcoma, such as
neoadjuvant chemotherapy, immunotherapy, and immune
checkpoint inhibitors, have been proposed, yet they still lack
validation through robust clinical trials and comprehensive
research [31, 39, 48].

Twenty-six of the analyzed articles focus on the specific
properties of bioactive glass and its medical applicability.
Among them, 14 are literature reviews, while the remaining
studies are based on clinical or experimental data involving
patients. In 24 of the 26 studies, the effectiveness of
mesoporous  bioactive glass doped with inorganic
compounds for applications in osteosarcoma treatment is
demonstrated. In the remaining two studies, the authors
highlight the need for additional research to further clarify
its therapeutic potential.

Regarding the application of mesoporous bioactive
glass doped with inorganic compounds in osteosarcoma,

numerous benefits have been identified, the most significant
of which are summarized in Fig. 1.
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Fig. 1. Main benefits of the application of Mesoporous bioactive
glass doped with inorganic compounds in osteosarcoma
identified [31, 41, 46, 49, 50, 51]

The analysis of the reviewed articles revealed that
osteosarcoma is a rare tumor that primarily affects the long
bones and is associated with a very poor prognosis. Standard
interventions for diagnosing and treating the disease include
radiotherapy and chemotherapy, often combined with
surgical resection of the primary tumor. These procedures,
however, have a substantial negative impact on patients’
quality of life.

Because surgical removal of osteosarcoma involves
significant bone resection, biomaterials are employed to
stabilize the remaining tissue and support bone regeneration
[41]. Furthermore, the majority of studies highlight the key
difference between traditional treatments and bioactive
glass applications, as illustrated in Fig.2. While
conventional therapies mainly focus on tumor elimination,
bioactive glass can simultaneously target cancer cells and
promote local bone regeneration.

Osteosarcom

Fig. 2. Main differences in outcomes between traditional treatment
and bioactive glass-based therapy, adapted from Souza et
al. [52]
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Local bone
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As shown in Fig. 2, traditional osteosarcoma treatments
primarily focus on the elimination of cancer cells, whereas
the use of bioactive glass not only targets tumor cells but
also promotes local bone regeneration. Conventional
therapies often fail to support bone regeneration due to a
lack of selective targeting, affecting both cancerous and
healthy cells. In contrast, bioactive glasses have been
demonstrated to selectively destroy human osteosarcoma
cells while exhibiting no systemic or local toxicity [52].



4. DISCUSSION

Osteosarcoma treatment requires a multidisciplinary
team approach involving medical and pediatric oncologists,
general and orthopedic surgeons, radiologists, pathologists,
and specialized nurses [33]. Standard therapy for localized
osteosarcoma includes chemotherapy and surgical resection
[49]. Although these treatments can improve clinical
outcomes, none of them is free from adverse effects.
Therefore, it is essential not only to halt disease progression
and limit the high risk of metastasis, but also to reduce the
negative side effects associated with conventional
chemotherapy [28].

Osteosarcoma survivors often experience long-term
physical limitations, chronic pain, and an elevated risk of
chronic conditions, particularly cardiovascular disease and
osteoporosis. Consequently, specialized long-term medical
follow-up is required, as the combination of chemotherapy
and surgery can lead to substantial and lasting impairments
in patients’ quality of life [33]. A review of recent research
shows that, despite progress in chemotherapeutic
modalities, the overall effectiveness of osteosarcoma
treatment has not significantly improved in recent years
[31].

Because bioactive glass is already routinely applied for
bone repair, interest in its potential for targeted bone cancer
therapy has grown considerably. Bioactive glass offers dual
therapeutic benefit. First, gallium incorporated into the glass
is chemically similar to iron; rapidly dividing cancer cells
absorb gallium because they require large amounts of iron.
Unlike healthy cells, osteosarcoma cells accumulate
gallium, making them highly susceptible to its cytotoxic
effects. Laboratory experiments have demonstrated that
bioactive glass containing 5 % gallium oxide reduces
osteosarcoma cell viability by 99 % without harming
healthy osteoblasts, the cells responsible for bone formation
[18, 31].

Second, bioactive glass actively supports bone healing.
When exposed to simulated body fluids, laboratory
solutions that mimic the composition of human blood
plasma, the glass forms a calcium phosphate layer within
seven days, which stimulates new bone growth. This is
particularly important for osteosarcoma patients, as tumor
removal often leaves substantial bone defects requiring
regeneration. By reinforcing the affected bone and
accelerating tissue repair, bioactive glass may also help
reduce the risk of fractures commonly seen in bone cancer
patients [3, 31].

Bioactive glass is increasingly employed in bone tissue
engineering due to its biodegradability and biocompatibility
[37]. Studies have investigated its composite coatings,
antibacterial activity, bioactivity, biodegradability, and
corrosion resistance, revealing that composite coatings can
regulate the rate of substrate degradation in physiological
conditions, while bioactive glass coatings promote the
growth of healthy tissue [38].

Menshikh demonstrated that during bone healing,
angiogenesis and osteogenesis are closely interconnected,
highlighting the importance of using mesoporous
biomaterials that do not interfere with angiogenesis [53].
Furthermore, Paficzyszyn showed that bioactive glass doped
with tellurium ions represents a novel therapeutic approach

that is highly effective both in eliminating residual
malignant cells and promoting bone regeneration. In this
study, bioactive glass selectively targeted cancer cells while
preserving the viability of healthy cells and enhancing
overall bone tissue regeneration [41].

De Oliveira et al. reported that biocomposite
macrospheres of Sr-bioactive glass, combined with
chitosan, polymeric acid, and sodium alginate, are effective
as bone fillers. The study also found that biocomposite
macrospheres, as well as polylactic acid-based bioactive
glass composites, were most effective in increasing cell
viability [46].

Despite advancements in the treatment of various
diseases, osteosarcoma therapies still face significant
challenges, including severe side effects of radiation and
chemotherapy, high tumor recurrence rates, and low overall
survival. Fellenberg et al. investigated the therapeutic
potential of mesoporous bioactive glass and found a
substantial reduction in tumor cell viability, resulting in an
overall decrease in tumor burden. According to these
researchers, bioactive glasses hold considerable promise for
developing new osteosarcoma therapies, as they exhibit
minimal cytotoxicity toward healthy cells while
simultaneously supporting bone regeneration [50, 31].

An interesting study investigated the applicability of
bioactive glasses doped with silver and gold, synthesized
using a semi-solid state technique, in the treatment of
osteosarcoma. The study found that gold-doped bioactive
glasses enhance the uptake of substances by healthy cells,
whereas silver-doped glasses can be employed for rapid
tissue healing and are significantly more cost-effective [51].

Prevention of cancer recurrence in osteosarcoma
patients typically involves surgical removal of the malignant
tumor followed by postoperative therapy. Vergnaud et al.
examined the use of magnetic hyperthermia both as a
standalone treatment and in combination with radiotherapy
and chemotherapy, reporting significant therapeutic
success. The combination of bone-healing biomaterials with
the benefits of hyperthermia demonstrated rapid repair of
critical bone defects resulting from tumor resection [54].

A fundamental characteristic of bioactive glasses is
their ability to form a bone-like apatite layer on their
surfaces. The formation of this apatite layer is influenced by
multiple factors, including pH, the choice of starting
materials, glass composition, soaking solutions, and
synthesis parameters. For instance, the incorporation of
titanium has been shown to significantly enhance the
physicochemical properties of bioactive glass. Mabrouk et
al. reported that titanium not only improves
physicochemical characteristics but also enhances physical
properties such as molar volume, density, glass transition
temperature, and coefficient of thermal expansion [55].

Similar findings were reported by Bian et al., who
demonstrated that bioactive glasses can positively impact
postoperative  management of  osteosarcoma by
simultaneously inhibiting tumor recurrence, reducing the
risk of periprosthetic infection, and promoting bone
regeneration [42]. Importantly, the materials used in
bioactive glasses selectively target cancerous cells without
adversely affecting normal cells [56, 57].

Due to their ability to bond directly with living bone,
bioactive glasses are widely applied in hard tissue



engineering [58]. The specific properties of various
bioactive glasses are summarized in Table 2.

Table 2. Specific properties of bioactive glasses [43]

Characteristics
The substances in bioactive glasses have
been scientifically proven to be highly
High effective as implantable materials in the
biocompatibility human body for repairing and replacing
bones damaged or altered because of
chronic disease.
Bioactive glass dissolves more rapidly in
acidic environments than in neutral or
slightly alkaline environments. Thus,
upon interaction with an acidic
environment resulting from the digestion
of sugars by bacteria or the consumption
of acidic beverages, the bioparticles
dissolve more rapidly, increasing the pH
and releasing phosphate, calcium and
fluoride ions to minimize the acidic
dissolution of apatite crystals from the
enamel.
High efficiency due to the ability of
bioactive glasses to bond with living
bone.

Property

Solubility

Solid tissue
engineering

Bioactive glasses possess the unique property of
exhibiting specific surface reactivity upon contact with
biological aqueous fluids, leading to the formation of a
strong bond between living bone and the biomaterial. This
property, known as bioactivity, is crucial when evaluating
the potential of new biomaterials for bone regeneration
[59, 60].

To further enhance the properties of bioactive glasses,
specialized synthesis methods are employed. Based on
supramolecular and sol-gel chemistry principles, surfactants
are incorporated during synthesis to control the glass
nanostructure. These surfactants facilitate the formation of
mesophases, guiding the creation of mesoporous channels
with uniform pore diameters. Unlike conventional bioactive
glasses, mesoporous bioactive glasses feature smaller and
well-controlled particle sizes, which enhance their capacity
for biomolecule delivery. The mesopores in these
nanoparticles typically range from 5 to 10 nm in diameter,
and the overall particle size can be adjusted by varying the
surfactant concentration [3, 54].

Zambanini et al. reported that bioactive glasses are
highly effective in osteosarcoma treatment because the
holmium contained in them can be activated by neutrons,
providing therapeutic benefits when used in brachytherapy.
Their study demonstrated that bioactive glasses with a high
holmium content (approximately 5 %) achieved the most
favorable outcomes in bone cancer therapy [61].

In another study, it was shown that functional ions play
a significant role in stimulating bone tissue regeneration.
Mesoporous bioactive glass nanospheres containing
europium were found to maintain a long-term inhibitory
effect on tumor cell viability, while simultaneously
promoting mineralization of anatite and enhancing bone
tissue regeneration [40, 62].

Boanini et al. synthesized mesoporous bioactive glass
nanospheres to serve as carriers for one of the most potent

aminobiophosphonates, alendronate.  Structural and
chemical characterization revealed that even low
concentrations of alendronate incorporated into the
nanospheres effectively reduced tumor cell viability. These
findings indicate that the topical application of alendronate
via functionalized mesoporous bioactive glass nanospheres
holds high therapeutic potential for osteosarcoma due to
their combined antitumor and bone-regenerative properties
[44].

The literature review indicates that bioactive glasses
have numerous biomedical applications, particularly in the
regeneration of soft and hard tissues. Their unique
properties, including biocompatibility and bioactivity, make
them suitable for the fabrication of bone scaffolds and
various pharmaceutical applications. It is important to note
that the properties of bioactive glasses depend on their
composition and synthesis methods. By carefully
controlling the elemental composition, the biocompatibility,
bioactivity, degradation rate, and overall applicability of the
glasses can be precisely tuned.

Despite their clear advantages, bioactive glasses have
certain limitations, primarily related to fragility, low
mechanical strength, and limited fracture resistance [63].
These constraints reduce their use as a pure material;
however, doping with other substances can significantly
improve their properties [1].

In recent years, attention has increasingly focused on
mesoporous bioactive glasses, which combine the bioactive
behavior of conventional bioactive glasses with the
structural advantages of mesoporous materials. Key features
of mesoporous bioactive glasses include a porous
architecture with uniform pore shapes and consistent surface
area and pore volume. The nanoscale structure enhances
reactivity and surface energy, improving interactions with
biological cells.

The small particle size of mesoporous bioactive glasses
allows for versatile biomedical applications, including
coatings, scaffolds, and composites, making them highly
adaptable for bone tissue regeneration. These materials
support both bone tissue growth and angiogenesis.
Moreover, mesoporous bioactive glasses are particularly
valuable in osteosarcoma therapy due to their customizable
surface area, pore size, and volume, which enable the
targeted delivery of small therapeutic molecules, such as
antitumor drugs, as well as larger biomolecules, including
growth factors [64].

5. CONCLUSIONS

Biomaterials, such as mesoporous bioactive glasses,
have been widely studied for their applicability in various
bone defects, because their ability to bind to the bone and,
by releasing biologically active ions, stimulate osteogenesis
has been proven. It is important to specify that when
implanting biomaterials, an inflammatory state may occur,
which may require prolonged treatment with various
medications. In recent years, the possibilities for developing
biomaterials with antioxidant properties have increasingly
begun to be investigated to reduce possible complications
during implantation. Bioactive glass has proven its
effectiveness in terms of regenerative medicine, due to its
ability to improve bone tissue regeneration, as well as its



integrative properties. Mesoporous bioactive glass is a
specific class of bioactive glass that has excellent ability for
controlled drug release in malignant tumors. A specific
feature of this type of glass is that it has similar structural
characteristics to mesoporous materials, which are based on
silicate, but also shares a similar composition to other
bioactive glasses. In summary, it can be stated that the
combination of traditional therapy and synergistic bone
regeneration based on mesoporous bioactive glass is a
prerequisite for the application of new approaches for the
treatment of bone cancer. It has been proven that the ion
released from mesoporous bioactive glasses has high
efficiency in cancer therapy and tissue engineering.
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