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STEM CELL-LADEN HYDROGELS FOR BONE AND CARTILAGE
TISSUE ENGINEERING
Fazliddin Arzikulov
Tashkent State Medical University, Tashkent Uzbekistan

The combination of stem cells with hydrogel scaffolds represents a central
strategy in musculoskeletal tissue engineering, exploiting the capacity of
mesenchymal stem cells to differentiate into osteogenic and chondrogenic
lineages while relying on the hydrogel matrix to provide a biomimetic, hydrated
three-dimensional microenvironment that supports cell viability, proliferation,
and directed differentiation.

Natural hydrogel materials such as gelatin methacryloyl, alginate, hyaluronic
acid, and collagen are widely favored for their inherent biocompatibility and their
ability to present cell-adhesive and bioactive motifs, while synthetic hydrogels,
including polyethylene glycol-based systems, offer more precise, tunable control
over mechanical stiffness, degradation rate, and crosslinking density, allowing
researchers to more systematically probe how these physical parameters influence
stem cell fate decisions [1].

Three-dimensional bioprinting of stem cell-laden hydrogels has become an
increasingly important fabrication route, since it allows the spatial patterning of
cells and biomaterials into anatomically relevant geometries, and layer-by-layer
deposition can also be used to create gradient or zonal constructs that better
replicate the transition between bone and cartilage seen at native osteochondral
interfaces [1].

Key ongoing challenges include achieving mechanical properties that match
native bone or cartilage tissue closely enough to withstand physiological loading
immediately after implantation, ensuring adequate nutrient and oxygen diffusion
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within thicker printed constructs, and controlling the timing and spatial
distribution of growth factor release so that osteogenic and chondrogenic
differentiation proceed in the correct sequence and location within a single
composite construct [1].
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