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3D Bioprinting: Custom Designed Complex 

Tissue and Organ Constructs

 Printing cells, bioactive factors and biomaterials 

 3D microfabrication for patient specific complex tissue and organ design 

C. O’Brien, B. Holmes, S. Faucett and L.G. Zhang. Tissue Engineering, 21(1): 103-114, (2015)

http://www.engineering.com/3DPrinting/3DPrintingArticles/ArticleID/6688/3D-Printing-Organs-with-

the-Bioficial-Technique.aspx



Several Challenges

 Bioprinting “inks”: not biomimetic and bioactive for maximal cell 

growth and tissue integration.

 Bioprinting platforms: low resolution, low cell viability and low 

yield.

 Low efficient 3D perfused vascular network 

 Lack of 3D neural network 

“Functional” 

Organ



Nanotechnology in 3D Bioprinting

Nanomaterials are materials with basic structural units, grains, particles,

fibers or other constituent components smaller than 100 nm in at least one

dimension.

4

L. Zhang and T.J. Webster. Nanotechnology and Nanomaterials: Promises for Improved Tissue Regeneration. 

Nanotoday, 4(1):66-80 (2009).

Human tissue structure: nanostructured extracellular 

matrix (ECM) and various cells

Nanoinks：Nanoparticles, Nanotubes, Nanofibers, 

Nanocrystals, Nanorods…

Nature Nanotechnology, 
January 2011

Self-assembly 
DNA based 
nanotubes
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Regeneration I: 3D Bioprinting Cartilage and 

Osteochondral Tissue

B. Holmes, W. Zhu, J. Li, J. D. Lee and L.G. Zhang. Tissue Engineering Part A, 21(1-2): 403-415 (2015).

3D Bioprinted Knee Construct



Regeneration II: 3D Bioprinting Vascularized 

Tissue



3D bioprinting conductive neural 
guidance scaffolds

3D nanostructured scaffolds for brain 
and spinal cord repair

Regeneration III: 3D Bioprinting for 

Neural Engineering

http://haltonhillshealth.com/

3D printed neural scaffold 
with core shell nanospheres



New Frontier I: 4D Bioprinting

 The printed constructs are able to change and mutate over time. 

 Smart biomaterials for 4D bioprinted tissue constructs.

MIT's Skylar Tibbits

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=4MBhWICgBLQEjM&tbnid=rRm5X26qJQle5M:&ved=0CAUQjRw&url=http://inhabitat.com/conceptual-artists-and-designers-push-boundaries-of-design-at-londons-first-3d-print-show/&ei=FE35UpGJKMGZ0QHr8oCoCQ&bvm=bv.60983673,d.dmQ&psig=AFQjCNEzuSYhgQw_Ssa6qrNTRA-AQZhIJQ&ust=1392156302844980
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=4MBhWICgBLQEjM&tbnid=rRm5X26qJQle5M:&ved=0CAUQjRw&url=http://inhabitat.com/conceptual-artists-and-designers-push-boundaries-of-design-at-londons-first-3d-print-show/&ei=FE35UpGJKMGZ0QHr8oCoCQ&bvm=bv.60983673,d.dmQ&psig=AFQjCNEzuSYhgQw_Ssa6qrNTRA-AQZhIJQ&ust=1392156302844980


Design advanced cold plasma 3D bioprinters

Cold plasma modified 3D bioprinted constructs…

New Frontier II: The Combination of Cold Plasma 

and 3D Bioprinting



To stimulate cell functions in 3D bioprinted constructs

To improve spatiotemporal bioactive factor delivery in 

the 3D bioprinted tissue constructs.

New Frontier III: The Combination of Ultrasound 

and 3D Bioprinting

LIPUS

3D printed 

scaffolds in plate

XYZ stage

amplifier

Function Gen

Low-intensity pulsed ultrasound

(LIPUS) setup



Questions? 


