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Structural Anisotropy in Living Tissues

Tissue scale
1

/L Curvature
= Biological tissues are structurally )
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Conventional Bioprinting Methods
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Limitations: Chemical Reviews, 2020

= Layer-by-layer methods lead to surface artifacts

= Take considerable time; especially for larger sized grafts

= Required sacrificial support materials to print complex structures

= Extrusion based methods can impair cell functionality due to high shear stresses
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Volumetric Bioprinting

Projected light patterns

Object being solidified
Container with liquid resin
Motor
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Volumetric Bioprinting:
= Photo-crosslinking of cell-laden resin

= Printing of entire object at once; rather than point-by-point or layer-by-layer
= Fast printing times causes less stress to cells

= Complex structures without supports
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Volumetric Additive Manufacturing

Artifact-free surface finish

Volumetric Printing Extrusion-Based Printing Digital Light Processing
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Fast print times
independent of size
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Volumetric Additive Manufacturing

Complex; support-free; free-floating structures




Trabecular Bone Model
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= Bioprinted structure was primed
In an osteogenic medium

= Complex porous network was
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=
perfused with ECFCs and MSCs 0.004-
= Forms highly vascularized Ly
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Meniscal Graft
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High cell viability and metabolic activity

Cells deposit neo-fibrocartilage matrix leading to
increase in construct mechanical properties

High amount of collagen type | and minor
amounts of type Il analogous to native tissue
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Conclusions

= VVolumetric bioprinting enables the fabrication of entire, cell-laden 3D
structures within seconds, a major advance over layer-by-layer
bioprinting

= High cell viability (>85%) and functional tissue formation, including bone-
and cartilage-like constructs

= Free-form, centimeter-scale architectures are produced without support
materials with fine structural fidelity and improved surface finish
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Adaptive and context-aware volumetric

printing
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Estée Grandidier', Jos Malda'? & Riccardo Levato**

Weintroduce Generative, Adaptive, Context-Aware 3D Printing (GRACE), anew
approach combining 3D imaging, computer vision and parametric modelling to
create tailored, context-aware geometries using volumetric additive manufacturing.
GRACE rapidly and automatically generates complex structures capable of conforming
directly around features ranging from cellular to macroscopic scales with minimal
user intervention. Here we demonstrate its versatility in applications ranging from
synthetic objects to biofabrication, including adaptive vascular-like geometries
around cell-ladenbioinks, resulting in improved functionality. GRACE also enables
precise alignment of sequential prints, as well as the detection and overprinting of
opaque surfaces through shadow correction. Compatible with various printing
modalities' *, GRACE transcends traditional additive manufacturing limitations in
automating overprinting and adapting the printed designs to the content of the
printable material. This opens new possibilities in tissue engineering and regenerative
medicine.
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GRACE

Generative, adaptive, context-aware 3D printing
Light-sheet path Imaging path Volumetric printing path
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Polar light sheet

light sheet scanning — parametric model — volumetric printing
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Spherical Channels Interconnection

Geometric Encapsulation Sequential
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Feature-driven Complex Geometries

Light-sheet sections

b Interconnection c Point encapsulation

= Feature-driven vascular network allows for
perfusability of individual organoids

= Complex geometries such as interconnection
or point encapsulation around features
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Parametric Discrimination

d Size discrimination
r<0.5mm

Spectral discrmination
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= Ability to discriminate
between size or spectral
signal of features
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Vascularization of Cellular Structures

= Ability to fabricate ada_ﬁtive
geometries of vessel-like
channels around living cells

= Embedded Extrusion of highly
cellularized torus structures of  enesses mnsonsis

if-cells

Scan

architecture

i3-cells

= Vascular networks generated
and printed around toruses

= Superior mass transport with
adaptive geometries

A

Segmented 3D reconstruction

Parametric channels
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Over-printing Auto Alignment

3D Lightsheet Reconstruction

Two component cell-laden bone “
and cartilage model

Automated sequential alignment

Sample Image Post-culture
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Conclusions

= Enables real-time, autonomous geometry generation tailored to the
printing context

* Prints complex and biologically relevant structures that conform to
embedded features

* Performs automatic overprinting and precise alignment of sequential
prints

Future of Volumetric Bioprinting:
= Scale for patient-specific grafts and organ-level constructs

= Future uses In in vitro disease modeling, regenerative medicine, tissue
engineering and personalized therapy testing
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