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Micro or nano-structured materials in the form of gels, nanoparticles and nanocomposites have 
gained increasing interest in regenerative medicine because they are able to mimic the physical 
features of natural extracellular matrix (ECM) at the sub-micro and nano-scale levels and with the 
possbility to be bioactivated by specific compounds as bioactive molecules (e.g., dendrons, 
eumelanin, etc). Building upon these strategies, this study focuses on the development of a 
photocrosslinkable hydrogel system based on hyaluronic acid sodium salt (HAs), chemically modified 
to achieve tailored mechanical properties suitable for osteochondral applications such as meniscus 
regeneration. To this end, natural polymer-based double network hydrogels (DNs) were synthesized 
through a two-step network-formation process to produce methacrylated hyaluronic acid (HAMA) 
and maleated hyaluronic acid (MAHA). These hydrogels were engineered not only to support cell 
viability and proliferation but also to be compatible with 3D printing technologies for the fabrication 
of customized regenerative devices. 

A second strategy involved the formulation of Alginate–Pluronic F127 hydrogels blended with 
osteoinductive agents such as hydroxyapatite (HAp) and bioactive glasses (BGs), aimed specifically at 
enhancing bone tissue regeneration. This composite design leverages the synergistic effects of 
natural polymers and inorganic fillers to improve both bioactivity and structural integrity under 
physiological conditions and with capability to delivery biomolecules for bone infection treatments. 
The design biomaterials endowed also with therapeutic and regenerative (theragenerative) 
properties are recently of particular interest.  
Furthermore, 2D materials such as graphene oxide (GO) and exfoliated black phosphorus (2D BP) 
show important therapeutic and regenerative activities due to their physicochemical properties. 
Recent studies have shown the effectiveness of 2D BP and GO as photodynamic therapy (PDT) 
agents for cancer treatment. Here, we propose the in vitro use of 2D materials to stimulate 
osteogenic differentiation and provide therapeutic effects, particularly in terms of anticancer 
activity. Specifically, the results demonstrate that 2D BP substrates can inhibit cancer cell 
proliferation and migration while preserving healthy cells. In conclusion, these findings demonstrate 
the potential of engineered systems as multifunctional platforms for musco-skeletal tissue 
regeneration, combining structural support with biological activity for effective clinical translation. 
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