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Abstract: Bone regeneration is a critical aspect of modern dental practice, particularly in
implantology, periodontology, and maxillofacial surgery. Bioglass, a bioactive glass material,
has gained significant attention due to its unique osteoconductive and osteostimulatory properties.
Unlike inert biomaterials, bioglass actively interacts with biological tissues, promoting bone
formation and enhancing osseointegration. This article reviews the biological mechanisms,
clinical applications, and advantages of bioglass in dental practice, highlighting its role in bone
regeneration and tissue healing.
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Introduction

The success of many dental procedures depends on effective bone regeneration and stable
integration of biomaterials with host tissues. Bone defects resulting from tooth extraction,
periodontal disease, trauma, or tumor resection often require the use of bone grafting materials to
restore function and aesthetics. Traditional grafting options, including autografts and allografts,
present limitations such as donor site morbidity, limited availability, and risk of disease
transmission.

Bioglass represents a new generation of bioactive materials designed to overcome these
challenges. Since its introduction, bioglass has demonstrated remarkable biocompatibility and
bioactivity, enabling it to bond directly with bone and soft tissues. Its ability to stimulate cellular
responses and promote new bone formation makes it particularly valuable in dental applications.
This article examines the osteoconductive and osteostimulatory properties of bioglass and its
clinical relevance in dentistry.

Materials and Methods

This review is based on an analysis of peer-reviewed scientific publications published between
2000 and 2024. Databases including PubMed, Scopus, and Web of Science were searched using
keywords such as “bioglass,” “bioactive glass,” “osteoconduction,” “osteostimulation,” and
“dental applications.” Experimental studies, clinical trials, and systematic reviews related to the
use of bioglass in dentistry were included. The collected data were qualitatively analyzed to
assess biological mechanisms, clinical outcomes, and material performance.
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Results

Bioglass is composed primarily of silicon dioxide, calcium oxide, sodium oxide, and phosphorus
pentoxide. When implanted in biological environments, it undergoes surface reactions that lead
to the formation of a hydroxycarbonate apatite layer, closely resembling natural bone mineral.
This layer facilitates strong chemical bonding between bioglass and bone tissue.

Bioglass serves as a scaffold that supports the migration, attachment, and proliferation of
osteogenic cells. Its porous structure allows vascular ingrowth and bone tissue infiltration,
guiding new bone formation along its surface. This osteoconductive behavior enhances bone
defect healing and improves the stability of dental implants.

Beyond providing a passive scaffold, bioglass actively stimulates bone regeneration. The release
of biologically active ions, such as calcium and silicon, promotes osteoblast differentiation and
increases the expression of bone-related genes. These ionic products also enhance angiogenesis,
creating a favorable microenvironment for bone healing.

Bioglass is widely used in dental implantology to augment alveolar bone and improve
osseointegration. In periodontology, it supports the regeneration of periodontal bone defects and
reduces inflammation. Bioglass has also demonstrated effectiveness in maxillofacial surgery for
sinus lift procedures, ridge preservation, and reconstruction of bone defects following cyst or
tumor removal.

Compared to traditional graft materials, bioglass offers several advantages, including excellent
biocompatibility, absence of immunogenic reactions, antimicrobial properties, and predictable
resorption rates. Its synthetic origin eliminates the risk of disease transmission and ethical
concerns associated with biological grafts.

Discussion

The findings confirm that bioglass is not merely an inert filler but an active biomaterial capable
of stimulating biological responses essential for bone regeneration. Its dual osteoconductive and
osteostimulatory properties distinguish it from many conventional grafting materials used in
dental practice. The formation of a bone-like apatite layer and the controlled release of bioactive
ions play key roles in enhancing tissue integration and healing.

Clinical studies consistently report favorable outcomes when bioglass is used in dental
procedures, including improved bone density, faster healing times, and enhanced implant
stability. Additionally, its antimicrobial effects contribute to reduced postoperative complications.
Despite these advantages, further long-term clinical studies are needed to optimize material
composition and application techniques for specific dental indications.

Conclusion

Bioglass represents a highly effective osteoconductive and osteostimulatory material for use in
dental practice. Its ability to actively interact with biological tissues, promote bone formation,
and support osseointegration makes it a valuable alternative to traditional bone grafting materials.
The application of bioglass in implantology, periodontology, and maxillofacial surgery
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contributes to improved clinical outcomes and patient safety. Continued research and clinical
innovation are expected to further expand the role of bioglass in regenerative dentistry.

The analysis of current scientific and clinical data confirms that bioglass is a highly effective
bioactive material with significant osteoconductive and osteostimulatory potential in dental
practice. Unlike conventional inert grafting materials, bioglass actively interacts with the
biological environment, initiating a cascade of physicochemical and cellular responses that
promote bone regeneration and tissue integration. The formation of a hydroxycarbonate apatite
layer on the surface of bioglass plays a crucial role in establishing a strong chemical bond with
host bone, thereby enhancing structural stability and long-term clinical success.

The osteoconductive properties of bioglass provide a favorable scaffold for osteogenic cell
attachment, migration, and proliferation, facilitating guided bone regeneration. At the same time,
its osteostimulatory capacity, mediated through the controlled release of biologically active ions
such as calcium and silicon, stimulates osteoblast differentiation, angiogenesis, and the
expression of bone-related genes. This dual mechanism accelerates bone healing and improves
the quality of newly formed bone tissue.

Clinical evidence demonstrates that bioglass is particularly beneficial in dental implantology,
periodontology, and maxillofacial surgery. Its application in alveolar ridge preservation, sinus
lift procedures, and periodontal defect treatment leads to improved bone density, enhanced
osseointegration, and reduced healing time. Additionally, the antimicrobial properties of bioglass
contribute to a lower risk of postoperative infection and inflammation, further supporting
favorable clinical outcomes.

From a practical standpoint, the synthetic origin of bioglass eliminates concerns related to donor
site morbidity, disease transmission, and ethical issues associated with biological graft materials.
Its biocompatibility, predictable resorption behavior, and versatility make it a reliable alternative
or adjunct to traditional bone grafting options. However, optimal clinical results depend on
appropriate material selection, defect characteristics, and surgical technique.

In conclusion, bioglass represents a key advancement in regenerative dentistry, offering both
structural support and biological stimulation for bone healing. Continued research aimed at
optimizing bioglass composition, improving handling properties, and evaluating long-term
clinical outcomes will further expand its applications and effectiveness. The integration of
bioglass into routine dental practice holds significant promise for improving patient outcomes
and advancing the field of dental biomaterials.
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