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DESCRIPTION
Bone and cartilage injuries are among the most common 
musculoskeletal problems affecting mobility, quality of life and 
physical function. Although bone has a natural ability to repair 
itself, extensive injuries, large defects and degenerative 
conditions may exceed the body’s regenerative capacity. 
Cartilage, in contrast, has limited self-repair potential due to 
poor blood supply and low cellular activity. Stem cell-based 
regenerative approaches have emerged as promising strategies for 
restoring damaged bone and cartilage tissues by promoting 
cellular regeneration, enhancing healing and developing 
biological alternatives to conventional treatments.

Stem cells are valuable in musculoskeletal regeneration because 
of their ability to self-renew and differentiate into specialized 
tissue-forming cells. Mesenchymal Stem Cells (MSCs) are the 
most widely studied stem cell population for bone and cartilage 
repair due to their ability to generate osteoblasts, chondrocytes 
and other connective tissue cells. MSCs can be isolated from 
various sources, including bone marrow, adipose tissue, dental 
pulp and umbilical cord tissue, providing multiple options for 
regenerative applications.

Bone regeneration depends on the coordinated activity of 
osteoblasts, osteoclasts and supporting cells that maintain bone 
remodeling. In cases of severe fractures, osteoporosis-related 
damage, or large bone defects, natural repair mechanisms may be 
insufficient. Stem cell-based therapies aim to enhance bone 
formation by increasing the availability of osteogenic cells and 
stimulating the release of regenerative factors. MSCs can 
differentiate into osteoblasts responsible for producing new bone 
matrix under appropriate biological conditions.

Cartilage repair remains a major challenge in regenerative 
medicine because mature cartilage has limited ability to 
regenerate after injury. Degenerative disorders such as 
osteoarthritis involve gradual breakdown of cartilage, leading to 

pain, inflammation and reduced joint movement. Stem cell 
therapies aim to restore cartilage by generating new chondrocytes 
and promoting the production of extracellular matrix components 
required for healthy cartilage structure.

Tissue engineering has become an important component of stem 
cell-based bone and cartilage repair. Biomaterial scaffolds 
provide structural support and create suitable environments for 
cell growth and differentiation. Natural materials, synthetic 
polymers and composite biomaterials are being developed to 
mimic the properties of native bone and cartilage tissues. These 
scaffolds can gradually degrade while supporting the formation 
of new functional tissue.

Three-dimensional bioprinting has further expanded 
possibilities in musculoskeletal regeneration. This technology 
enables precise placement of stem cells and biomaterials to 
create customized tissue structures. Researchers are developing 
patient-specific bone and cartilage constructs using bioinks 
containing stem cells, growth factors and supportive materials. 
Such approaches may improve the accuracy and effectiveness of 
future regenerative implants.

Stem cell-based therapies are also being investigated for 
osteoporosis and age-related bone degeneration. Aging is 
associated with reduced stem cell activity, decreased bone 
formation and increased fracture risk. Researchers are studying 
how stem cell supplementation and molecular regulation can 
improve bone quality and restore regenerative capacity in elderly 
populations.

Gene-editing technologies have created additional opportunities 
for improving stem cell therapies. Clustered Regularly 
Interspaced Short Palindromic Repeats-associated protein 9 
(CRISPR-Cas9) can be used to modify stem cells and enhance 
their regenerative properties. Researchers are exploring genetic 
approaches to increase osteogenic or chondrogenic activity and 
correct mutations affecting skeletal development.
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addressing complex musculoskeletal disorders. Through 
advances in stem cell biology, tissue engineering, biomaterials 
and genetic technologies, researchers are developing innovative 
strategies to restore damaged skeletal tissues. Continued research 
may lead to improved treatments that enhance mobility, reduce 
disability and improve quality of life for patients with bone and 
cartilage conditions.
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Clinical translation requires standardized protocols for stem cell 
preparation, delivery methods and patient selection. Differences 
in cell sources, expansion techniques and treatment conditions 
have influenced outcomes across studies. Large-scale clinical 
investigations are necessary to establish the safety and 
effectiveness of these approaches.

In conclusion, stem cell-based bone and cartilage repair 
represents a promising direction in regenerative medicine for
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