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Tissue Engineering - Timeline
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1997
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chondrocytes implanted on back of 

athymic mice

20021988

Dr. Skalak defines 

“Tissue 

Engineering”  

corroborated later 

by the  ITRI report 

and NSF

Definition of Tissue Engineering by NSF

“the application of principles and methods of engineering and 

life sciences to obtain a fundamental understanding of 

structure-function relationships in novel and pathological 

mammalian tissues and the development of biological 

substitutes to restore, maintain, or improve [tissue] function”

Tissue Engineering 

Report  published 

by International 

Technology 

Research Institute 

– ITRI

National Science 

Foundation 

workshop on TE

Consolidation of 

TE as a 

multidisciplinary 

domain

http://ovidsp.tx.ovid.com/spa/ovidweb.cgi?View+Image=00006534-199708000-00001|FF3&S=IDNIFPMKFGDDPOEANCGLHBMJBKMAAA00&WebLinkReturn=Full+Text=L|S.sh.15.16.39.43|0|00006534-199708000-00001
http://ovidsp.tx.ovid.com/spa/ovidweb.cgi?View+Image=00006534-199708000-00001|FF3&S=IDNIFPMKFGDDPOEANCGLHBMJBKMAAA00&WebLinkReturn=Full+Text=L|S.sh.15.16.39.43|0|00006534-199708000-00001
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Tissue engineering, Biofabrication, Bioprinting 
and Information Technology



The bio-ink: 

cell aggregates

The cartridge: 

TS container

The bio-paper: 

gel 

The printer:

bio-printer

Bioprinting is a computer-aided robotic layer by layer

additive biofabrication of functional living

human organ constructs

Bioprinting



Murphy & Atala, 2014

Pre-Processing

(CAD, Blueprints), Pre-conditioning

Processing

3D Tissue Printing

Post-processing

Bioreactor  Tissue 
maturation

Bioprinting process workflow



Pre-Processing
Spheroid formation process Hanging drop



Bioprinting



Bioreactor  Tissue maturation



Dernowsek et al. 2017

Biofabrication and the relationship between 
complexity and nature of the solution



Dernowsek et al., 2016



Techniques for Manufacturing Polymer Scaffolds 
with Potential Applications in Tissue Engineering



Two Photon Polymerization – 2PP

Source: http://www.3ders.org/articles/20141115-jonty-hurwitz-3d-printed-nano-sculptures-at-the-same-

scale-as-a-human-sperm.html



Two-Photon Polymerization
FINEP 8 Mi Grant



Four geometries were modelled to simulations. (A) Solid microscaffold without internal 

structure (original lockyball) (Danilevicius et al., 2015). (B, C, D) Solid microscaffolds with 

internal structures to improve the oxygenation cells 

Dernowsek et al., 2016

Modeling and Simulation of Diffusion Process in 
Tissue Spheroids Encaged into Microscaffolds



Dernowsek et al., 2016

Modeling and Simulation of Diffusion Process in 
Tissue Spheroids Encaged into Microscaffolds



50 – 55mm

25 – 30mm

Hystology & Fisiology 

Comprised of aggregates or lobules of spherical 

follicles that are filled with colloid

T3 + T4

Functional units, hormone 

synthesis. Single layer of  

follicular cells. θ=500μm aprox

2013. Terese Winslow LLC US.

Near future organ bioprint - Thyroid gland

Parafollicular cells :Calcitonin producing.



3D Bioprinted Thyroid Gland



1. Simplified 3D multicell simulation of

angiogenesis during the self-formation of

thyroid follicles

2. It can be easily extended and adapted

to describe other biological phenomena

3. This simulation allowed us to study

how the cells interact each other and

modulate the growth and morphology of

the multicellular spheroids.

EC – Endothelial cell

ESC – Embrionic Stem Cells
Vascularization

Thyroid follicles

Dernowsek et al., 2015 

3D multicellular simulation during the self-formation 
of thyroid follicles



Endothelial cell spheroids as a versatile tool to study angiogenesis in vitro and in silico

Computational approaches for biofabrication of 
Tissues Angiogenesis



Computational approaches for biofabrication of 
tissues  Angiogenesis + Proliferating cells



Abnormal narrowing

in blood vessels

Stenosis models

Bypass grafts models

Hemodynamics in artery bypass grafts models based 
on computational fluid dynamics simulations



Computer simulation – Stenosis and Bypass graft models

Normal Concentric stenosis

By-pass (treatment)



3D printing: Human skin is now being 
printed in labs

Comparison of optical microscopy images of equivalent slices of normal human skin and printed skin after 26 
days of culture. The tissues were stained with Masson’s trichrome. DEJ, dermoepidermal junction.



Ovary created using 3D printed scaffolds restores 

ovarian function 



3D Printed Human 
Cartilage Cells in Mice

Swedish Researchers successfully Implant 3D 

Printed Human Cartilage Cells in Mice



In-situ handheld 3D Bioprinting for cartilage 
regeneration - May 2017



A Scientist Is 3D Printing 
Blood Vessels for Sick Children

• Scientists are developing 
flexible materials to 3D 
print blood vessels

• Arlington bioengineer 
awarded $211K NIH grant 
to develop 3D printed 
blood vessels for children



3D-printed heart-on-a-chip with integrated 
sensors

Harvard University researchers have made the first 
entirely 3D-printed organ-on-a-chip with integrated 
sensing. Built by a fully automated, digital 
manufacturing procedure, the 3D-printed heart-on-a-
chip can be quickly fabricated and customized, 
allowing researchers to easily collect reliable data for 
short-term and long-term studies.



ExVive™ 3D Bioprinted Human Tissue Models

ExVive™ Human Kidney Tissue

ExVive™ Human Liver Tissue Performance



•Small scale 
tissues

•Drug Discovery

•Toxicity testing

Today
•Microtissues
•ImplantsTomorrow

•Lobes
•Pieces of 
organs

Future Full organs
Uncertain 

future

Outlook



Market projections for 3D Bioprinting. 

(Credit: IDTechEx)

$1.8 billion



✓ Integration Engineering x Life Sciences;

✓ Development of "blueprint" for bioprinting of 3D human tissue and organs;

✓ Development of new STL file-free function representation based CAD

software for digital bioprinting;

✓ Development of scalable technology for biofabrication millions uniform

tissue spheroids (robotic tissue spheroids biofabricators);

✓ Development of integrated operational system integration of robotic

bioprinters (special software);

✓ Increasing speed and printing resolution of robotic bioprinters;

✓ Development of new bioreactor for 3D bioprinted tissues;

✓ Development of in situ bioprinting technologies (in vivo bioprinting of skin,

✓ cartilage, bones);

✓ Development of bioprintable biomaterials;

✓ Laws and regulations  * Safety + Security

Challenges



Conclusions
Design

Visualization
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Biofabrication
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Everything will be possible with 3D printing

Even Biofabrication
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