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 A B S T R A C T 
The use of stem cells in bone regeneration has proven to be a promising area in regenerative medicine, particularly due to 

their differentiation and self-renewal capabilities. This article reviews the scientific advances related to the use of mesenchymal 
stem cells (MSCs), embryonic stem cells and induced pluripotent stem cells (iPSCs) in the treatment of bone defects. We discuss 
the primary sources of these cells, osteogenic differentiation methods and biomaterials used as scaffolds to facilitate regeneration. 
Additionally, we highlight the technical and ethical challenges that limit their large-scale clinical application. We conclude that 
despite significant advances, further research is necessary to ensure the safety, efficacy and commercial viability of this approach.
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Introduction
Bone regeneration is a complex biological process that 

naturally occurs in response to fractures or injuries. However, in 
cases of large bone loss or pathological conditions, natural repair 
is insufficient, requiring medical interventions. Traditional 
therapies, such as autologous and allogeneic bone grafts, 
have significant limitations, including limited donor tissue 
availability, risk of rejection and surgical complications. In this 
context, tissue engineering and stem cells emerge as promising 
alternatives to overcome these challenges. Stem cells possess 
unique characteristics, such as self-renewal and differentiation 
into various cell types, including osteoblasts, which play 

a crucial role in bone formation. Mesenchymal stem cells 
(MSCs), derived from tissues such as bone marrow and adipose 
tissue, have been widely studied due to their plasticity and 
ease of isolation. Moreover, embryonic stem cells and induced 
pluripotent stem cells (iPSCs) offer therapeutic possibilities due 
to their high differentiation potential, although they face ethical 
and safety barriers.

The integration of stem cells with biomaterials also plays a 
fundamental role in tissue engineering. Bioactive scaffolds can 
mimic the bone microenvironment, promoting cell adhesion, 
proliferation and differentiation. Advances in 3D printing 
technologies have enabled the development of customized 
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scaffolds tailored to the specific needs of each patient. Despite 
these advances, significant challenges remain, including the 
standardization of differentiation protocols, immune response 
control and assessment of tumorigenicity risks. Furthermore, 
the translation of these technologies into clinical use faces 
regulatory and economic barriers.

Objectives
The objective of this article is to review the latest advances 

in the use of stem cells in bone regeneration, addressing the 
strategies, challenges and future perspectives of this approach.

Materials and Methods
A bibliographic review was conducted using articles 

published in the PUBMED, ScienceDirect and Scielo databases 
as the foundation of this study.

Discussion
The use of mesenchymal stem cells has stood out as an 

efficient approach for bone regeneration due to their osteogenic 
differentiation capacity and secretion of growth factors. 
Experimental studies demonstrate that the combination of MSCs 
with bioactive biomaterial scaffolds, such as hydroxyapatite and 
collagen-based composites, promotes functional bone tissue 
formation in animal models. The addition of growth factors, 
such as BMP-2 (bone morphogenetic protein), also significantly 
improves outcomes. Embryonic stem cells and iPSCs offer 
unique advantages due to their pluripotency. However, their 
clinical application is limited by ethical concerns, the risk of 
tumor formation and the complexity of differentiation protocols. 
Recent research explores the use of genetic editing to minimize 
these risks and enhance efficacy.

Another critical aspect is the interaction between stem 
cells and the host microenvironment. Studies suggest that 
controlled inflammation is essential for successful regeneration. 
Additionally, advances in delivery systems, such as microcapsules 
and nanostructures, have enabled more precise control in the 
release of cells and bioactive factors. Although the progress is 
promising, regulatory barriers remain a significant obstacle. 
The lack of standardization in preclinical studies hampers the 
translation into clinical trials. Cost-effectiveness studies are 
also scarce, making it difficult to integrate these therapies into 
healthcare systems.

Conclusion
Stem cell-based therapy represents a revolution in the treatment 

of bone defects, offering innovative solutions for previously 
untreatable conditions. MSCs, in particular, stand out for their 
practical viability and promising results in preclinical models. 
The integration with biomaterials and advanced technologies, 
such as 3D printing, expands therapeutic possibilities. However, 
challenges persist, including understanding cellular interactions 
in the regenerative microenvironment, controlling potential 
adverse effects and overcoming regulatory barriers. Advances 
in genetic editing and the development of more sophisticated 
biomaterials may offer solutions to these hurdles. It is important 
to emphasize that future research should focus on standardizing 
protocols, expanding clinical studies and evaluating cost-
effectiveness. Only by addressing these challenges can we 
translate laboratory advances into accessible and effective 
treatments for the population.
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