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MULTISCALE HETEROGENOUS BIOMATERIALS
Heterogeneity exists in biology in the form of composition and structure spanning 

multiple hierarchical (spatial) scales to introduce a variety of functionalities

F.H. Silver et al. / Journal of Biomechanics 36 (2003) 1529–1553Park, D. et  al. / Nature Materials 19 (2020) 227-238 

Structure Composition

Example of 
Heterogeneity in disease

Bielajew, B.J. et al. / Nature Review Materials 5 (2020) 730–747
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FRAMEWORK FOR MANUFACTURING HETEROGENOUS BIOMATERIALS
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• Requires convergence of disciplines

• Utilize smart manufacturing framework
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DEMOCRATIZING THE BIOMANUFACTURING PROCESS

• Towards scalability 

• Facilitates development of a diverse and 
inclusive biomanufacturing ecosystem

• Expands biomanufacturing research enterprise 
(modeling, experiments)
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KNOWLEDGE GAPS & TECHNOLOGICAL NEEDS
• Small footprint, ultrafast 

lasers with dynamic 
wavefront shaping

• Multiscale (and Multiphysics) 
modeling for complex, 
heterogenous biomaterials

• New biomaterials and 
biocompatible and water 
soluble photoinitiators
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