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We are very pleased to introduce our first eBook dedicated specifically to the 3D bioprint-

ing industry—a subsegment of AM that we have been following closely and eagerly for 

nearly a decade. 

Bioprinting is one of the most promising areas of the broader 3D printing industry and has 

the potential to radically transform healthcare practices in the future. While the real-world 

applications of bioprinting are still limited due to the time it takes to develop and validate 

new biomedical processes, keeping a close eye on current developments and trends gives 

us an indication of what bioprinting could offer us in the future.

In the first chapter of this publication, our analysis segment, we take a sober look at the 

bioprinting market, taking stock of the various bioprinting technologies, biomaterials, 

applications and players that are pushing innovation in this field. We are also very excited 

to present a unique—and frankly amazing—case study coming out of South Korea thanks 

to the bioprinting capabilities of T&R Biofab. From there, we map out some of the key 

providers of biomaterials today before turning to one of the most cutting-edge areas of bio-

printing: volumetric biofabrication. In the final pages of our AM Focus eBook, you’ll find a 

highly insightful editorial by Dr. Stephen G. Gray about the fate of extrusion bioprinting pro-

cesses and animal-derived biomaterials.

Tess Boissonneault 
Editor in Chief, 3dpbm
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INTRODUCTION

We have been covering 3D bioprinting for nearly a 

decade, beginning when the bioprinting industry 

began to expand beyond high-end systems used 

exclusively for academic research into a young com-

mercial segment filled with new and more affordable 

hardware, commercial and increasingly standardized 

materials and the dream of the first commercial appli-

cations. Today all those aspects of the bioprinting 

industry are experiencing healthy and vibrant growth, 

pushing innovation on all three fronts and enabling us 

to see a real industry emerge.

In 2013, we had the unique opportunity to see one 

of the first summer courses on bioprinting, held by 

Professor Jos Malda at Utrecht University. Together 

with other key hubs (the Wyss Institute at Harvard in 

Boston, POSTECH University in Pohang, Korea) and 

many more), the researchers in Utrecht have been at 

the forefront of bioprinting innovation and democ-

ratization. At that time, Professor Malda enabled us 

to gain a much deeper understanding of the possi-

bilities at hand. In February 2022, that same group 

presented the first ever examples of bioprinting of 

functional hepatic (liver) tissue units using volumetric 

bioprinting technology, which seems to be the one 

of the most viable directions for achieving regen-

eration and eventually bioengineering of complex 

organs and tissues. 

Just as recently, a new company, Trestle Biotherapeu-

tics, emerged to commercialize renal (kidney) tissue 

grafts based on research conducted over the past 

decade by Professor Jennifer Lewis Lab at Harvard’s 

Wyss Institute. 3D Systems, one of the conventional 

additive manufacturing industry leaders, has also 

entered the market by working on bioprinting hard-

ware (with the acquisition of Pennsylvania-based 

Allevi in spring 2021), bioinks (through a collaboration 

with collPlant) and applications (primarily lung tissue, 

with United Therapeutics).

Liver and kidney tissues are seen as both the most 

complex and most useful tissues that could be 

achieved with bioprinting within an acceptable 

time frame. Their uses are both in tissue grafting for 

regenerative medicine and in drug development 

testing (DDT). However the road to developing 

these bioprinted tissues has been a difficult one, 

which has alread had casualties. Organovo, the 

company that almost single-handedly created the 

idea of commercial bioprinting based on bioprint-

ing of kidney and liver tissue, was not able to bring 

its products to market and burned through several 

millions of dollars before deciding to abandon the 

bioprinting segment.

Let’s take a step back and look at how the bioprint-

ing industry has come to be.

What does bioprinting mean?

The term 3D bioprinting (or simply bioprinting) 

refers to a family of additive and digital manufac-

turing methods that produce physical objects layer 

by layer, using a machine (a 3D bioprinter). Like 

3D printing, bioprinting creates objets based on 

3D models designed in CAD software. Bioprinted 

objects (or constructs) are usually replicas of human 

or animal tissue, created through the combination 

of cells with other biomaterials and biocompatible 

materials such as polymers and ceramics.

Bioprinting was “officially” introduced in 1988, 

when Robert J. Klebe used an inkjet printer for 

printing cells. Since then, the field has continued 

to evolve, and new methods and techniques have 

been introduced–initially at an academic level and 

more recently at various commercial levels. Over the 

past two decades, researchers have concentrated 

on approaches to accommodate the sensitivity of 

live cells to stresses (friction, pressure, fluid viscos-

ity, etc.) that manifest during the printing process for 

biological materials. 



Bioprinting processes, like industrial AM processes, 

can be classified into two main categories: tool-

based or indirect (scaffold-based printing) and direct 

(scaffold-free printing). These are further divided 

into two categories: laser assisted bioprinting and 

laser-free bioprinting, each of which includes several 

sub-categories.

Bioprinted constructs are intrinsically multi-material 

and—to some extent—continue to evolve after they 

have been printed, which is a noticeable contrast 

from 3D printing for industrial manufacture. Multiple 

cell types, varied scaffolds and scaffolding materi-

als, vascularity (the necessity to provide oxygen to 

cells across and beneath the construct’s surface) 

and numerous extracellular matrix materials can all 

be part of functional bioprinted structures. As the 

cells develop and adapt, there is also a time factor to 

consider. This is also why some refer to advanced bio-

printing as 4D bioprinting. 

Applications of bioprinting

Industrial additive manufacturing has already pro-

gressed from research and prototype to commercial 

end-use applications. Although 3D bioprinting is 

expected to follow a similar evolutionary path, practi-

cally all existing commercial potential for bioprinting 

hardware is focused on research applications. The 

significant change is that, although this research 

had been limited to academic institutions, some 

research is now starting to be conducted in the 

corporate sector. The largest pharmaceutical compa-

nies are still hesitant to embrace it but have started 

looking into it.

The ultimate goal may be to replicate functioning 

organs using bioprinting technologies, but repro-

ducing complex organs via bioprinting will require 

advancements far beyond the capability of existing 

technology and materials. For the foreseeable future, 

the relevant applications of bioprinting will be for 

drug development testing and—to some extent—

food-related products (cellular agriculture). In terms 

of regenerative medicine, we may start to see some 

adoption of bioprinting for tissue grafts and some 

implants based on non-cellular biocompatible and 

bioresorbable polymers and ceramics.

Multi-materiality, which is still one of the major limits 

of all industrial 3D printing methods, is an even 

greater barrier in tissue and organ printing, as the 

“ The ultimate goal may be to replicate 
functioning organs using bioprinting, 
but reproducing complex organs via 
bioprinting will require advancements 
far beyond the capability of existing 
technology and materials. ”
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body’s most complicated organs are made up of 

many different cell types. The need for more volu-

metric approaches (printing “holographically” from 

all sides at the same time) and speed of production 

are among the most obvious limitations of current 

technologies, though there are “simpler” biological 

structures that could be bioprinted, even for implan-

tation in humans, within this decade.

Renal and hepatic tissue production is limited to 

research applications, where 3D printed tissues offer 

certain advantages over 2D printed tissues, but gen-

uine functional organs are still a long way off. Heart 

regeneration (for example, 3D printed resorbable 

heart valves) and, more recently, lung regeneration 

have made some headway. One of the key drives of 

bioprinting for regenerative medicine is, of course, 

the enormous need for organs for transplantation.

Bioprinting studies

Nearly all cells in the body live in an extracellular 

matrix (ECM) and communicate with one another 

via biochemical and mechanical cues. Interactions 

between cells and between cells and the ECM form a 

communication network that keeps the tissue’s spec-

ificity and homeostasis. In 2D cell culture tests, the 

cells’ inability to acquire in vitro structural organiza-

tion and connectivity might limit or impair attributes 

such as cellular morphology, viability, proliferation, 

differentiation, gene expression, stimuli response, 

drug metabolism and overall cell function. Preclin-

ical cell-based drug and toxicity screening assays 

have weak predictive power due to these constraints. 

Evidence suggests that 3D cell cultures can better 

imitate the specificity of native tissue with physiologi-

cal relevance than 2D cultures.

A close-up image of a bioprinter in action at the Utrecht 
University Bioprinting Facility when we visited it in 2014.

Image: 3dpbm



This is especially visible in stem cell differentiation 

and culture, cancer biology, medication and toxic-

ity screening and tissue engineering. The culture of 

cellular aggregates in suspension without the use of 

matrix-based substrata has been used in some of the 

more basic 3D models.

To accurately anticipate tissue development and 

morphogenesis, in vitro 3D models must imitate ele-

ments of in vitro cell behavior. Scaffolds with variable 

physical and biological features have been devel-

oped using a variety of materials and construction 

techniques to meet the needs of various cell types. 

For in vitro applications of 3D cell growth, naturally 

produced ECM-based hydrogels (collagens, elastins, 

fibronectins and laminins) are the most commonly 

employed approach.

Companies in bioprinting

Due to its potential commercial value in broad fields 

such as pharmaceutical discovery (drug toxicity test-

ing), personalized medicine, tissue transplantation 

and other commercial segments such as cosmetics 

testing and alternatives to animal-derived food prod-

ucts, 3D bioprinting has transformed from a purely 

experimental and research segment to an emerging 

industry, accelerating significantly over the past five 

years (as 3D printing technologies in general became 

much more broadly available).

According to 3dpbm’s Index, there are currently at 

least 125 businesses working in the global bioprint-

ing market (without including bioprinting products 

resellers). Among these companies, close to 50 (38%) 

are bioprinter manufacturers, nearly 40 (30%) are 

biomaterials suppliers and 55 (44%) are bioprinting 

service providers. Note that companies can belong 

to multiple categories and that numbers continue to 

increase as new companies emerge and/or are dis-

covered by the 3dpbm Research team.

In the bioprinter hardware area, one company, BICO 

(previously Cellink), has been playing a major role in 

driving the industry’s expansion. The company began 

by producing and distributing bioinks, and then went 

on to build a line of low-cost extrusion bioprinters. 

After introducing its first commercial products, Cel-

link grew at a breakneck pace, creating a community 

of bioprinting enthusiasts, researchers and profes-

sionals at various universities all over the world. In just 

a few years, the company was listed on the Swedish 

NASDAQ and opened a branch in the US market. 

Many companies have since joined the BICO family 

and its bio-convergence mission since 2016, with 

Advanced Biomatrix (biomaterials) and Nanoscribe 

(2PP nano 3D printing hardware) as some of the most 

notable. The company now has 14 companies that 

offer researchers and clinicians technologies, prod-

ucts and services to help them generate, understand 

and master biology, with a focus on 3D printing but 

with a wide range of applications.

Many other companies have developed significant 

businesses based on bioprinting hardware in the 

past, and many more are doing it presently, including 

Cellink. Some of the most well-known, long-stand-

ing system manufacturers include RegenHU, a Swiss 

company that was among the first to market high-end 

bioprinting hardware systems. Another key traditional 

operator in the hardware market is EnvisionTEC, a 

leading industrial DLP system manufacturer that was 

recently acquired by Desktop Metal and rebranded 

as ETEC. EnvistionTEC’s—or ETEC’s—bioplotter has 

been used for dozens of published studies. Other 

relevant names include Advanced Solutions, a rather 

unique company that developed a multi-axis bio-

printing robot (the BioAssembly Bot) and formed a 

R&D and distribution partnership with GE Health-

care. Regenovo is the leading name for bioprinter 

manufacturing in China, with several machines on the 

market. Low-cost solutions propelled companies that 

target hardware as their core business include Rokit 

and Allevi, the company that was recently acquired by 

3D Systems, as well as a slew of others. 
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In this context, the renewed interest that 3D Systems, 

one of the long-standing additive manufacturing 

market pioneers and leaders, has manifested may offer 

us one of the clearest indications that a solid bioprint-

ing industry and the relative market opportunity is 

now within reach. The company has targeted lungs as 

a key organ bioprinting application via a partnership 

with United Therapeutics and is collaborating with 

CollPlant on tissue scaffolds for breast reconstruction. 

It also acquired Allevi to build its commercial bio-

printing hardware business and named former Allevi 

Chief Scientific Officer Taci Pereira General Manager 

of Bioprinting.

Some companies developing bioprinting hardware 

technologies, such as T&R Biofab, 3Dbio, Poietis and 

others, are focusing on specific 3D bioprinting appli-

cations, such as implantable tissues and grafts. For 

example,   South Korean company T&R Biofab has not 

only pioneered its own bioprinting technology but is 

also developing a diverse range of applications for its 

platform. T&R Biofab—which stands for Tissue Engi-

neering & Regenerative Medicine, Biofabrication—has 

been behind some truly groundbreaking projects, 

including a recent partnership with B BRAUN (Korea) 

to distribute bioprinted craniofacial bone implants. 

MATERIALS FOR BIOPRINTING

Combinations of polymers, ceramics, cells, cell 

aggregates, growth factors, hydrogels, scaffold com-

ponents, and other materials make up bioprinting inks, 

or bioinks. To ensure cellular viability (i.e. that cells 

survive the printing process), cellular bioinks must be 

processed with caution. Bioinks are available in a wide 

and quickly expanding range of different materials, 

with many institutions and businesses manufacturing 

materials in-house to meet their own unique needs. 

More commercial bioinks are being brought into the 

global market as the industry evolves and criteria 

become more standardized.

Biomaterials, which are designed for use in bio-

printing, include a wide range of hydrogel, metallic, 

ceramic, polymeric, composite and cellular materi-

als. The best printing method is determined by the 

physical properties of the materials. Low-viscos-

ity materials, for example, are more appealing for 

bioprinting because cells thrive in a low-pressure 

environment. Other material parameters like pore 

size and interconnectivity can have an impact on the 

encapsulated cells.

Generally speaking, all consumables used in bio-

printers for bioprinting applications are referred to 

as bioinks. Bioinks are sometimes used as materials 

that contain specific cells, distinguishing them from 

pure hydrogels and scaffolding materials. Bioinks are 

typically polymeric, although they can also be made 

of ceramics or metals. Bioinks are further classified as 

sacrificial bioinks, matrix base reagents, matrix ECM 

GAGs, matrix print enhancers and UV-curable bio-

inks. To accommodate the encapsulated cells and, in 

the case of implantation, the recipient’s own tissues, 

the scaffold materials must be biocompatible. The 

implant must be cytocompatible, allowing cells to 

grow, adhere, proliferate and migrate while remaining 

safe for the host and causing no significant inflamma-

tion or immunologic rejection.

Tissue engineering scaffolds have been made from 

nearly all cell-free 3D printing materials, including 

metal, synthetic and natural polymers. To improve 

the mechanical strength of hard tissue repair replace-

ments, metal and hydroxyapatite powders are 

typically employed as starting materials.

Hydrogels

Hydrogels are an important tool to grow and maintain 

cells successfully because they allow cells to grow and 

interact with all of their surroundings in a 3D environ-

ment. Cells grown in 3D models have proven to be 

more physiologically relevant, with improved cell via-

bility, morphology, proliferation and differentiation. 



Because they are made up of large three-dimen-

sional networks of polymer chains that retain a bulk 

of water, hydrogels are ideal materials for bioprinting. 

Due to their closeness to the original tissue milieu, 

natural polymers are commonly used in hydrogels as 

printable materials that enclose and print living cells. 

Alginate, collagen, gelatin, gelMA, fibrin and hyal-

uronic acid are common hydrogel materials.

Alginate is an algae-derived polysaccharide (a 

polymeric carbohydrate molecule). It is made up 

of two monosaccharides that repeat themselves. 

Crosslinked alginate is appealing for 3D tissue/

organ printing because of its comparable structure 

to native ECM, great biocompatibility and ease of 

quick gelation. It’s also adaptable to a wide range 

of tissue engineering applications. Glycine, proline 

and hydroxyproline residues are plentiful in collagen. 

Collagen is the most prevalent protein in many tis-

sues’ extracellular matrix (ECM). It creates a hydrogel 

under physiological circumstances by forming a triple 

helix. Because of the presence of cell-interactive RGD 

(Arginine-Glycine-Aspartic acid), which stimulates cell 

adhesion, collagen is also regarded as a good mate-

rial for cell encapsulation.

Denatured collagen is also used to make gelatin. 

This substance is widely utilized in the food, pharma-

ceutical and cosmetic industries as a gelling agent. 

Fibronectin, vimentin, vitronectin and RGD peptides 

are all common proteins in gelatin that induce cell 

attachment via integrin receptors.

Due to their acceptable biological features and 

customizable physical characteristics, gelatin methac-

ryloyl (GelMA) hydrogels have been widely exploited 

for numerous biomedical purposes. Due to the 

inclusion of cell-attaching and matrix metallopro-

teinase sensitive peptide motifs, GelMA hydrogels 

closely mirror several important features of origi-

nal ECM, allowing cells to proliferate and spread in 

GelMA-based scaffolds. GelMA is also adaptable 

in terms of processing. GelMA-based hydrogels are 

effective in a variety of tissue engineering applica-

tions, including bone, cartilage, cardiac and vascular 

tissue engineering, to name a few. Aside from tissue 

engineering, GelMA hydrogels are used in fundamen-

tal cell research, cell signaling, medication and gene 

delivery and bio-sensing.

Hyaluronic acid (HA) is a biological material that is 

made up of a linear polysaccharide component of the 

ECM. For 3D tissue/organ printing applications, this 

material exhibits high biocompatibility, viscoelastic-

ity, hydrophilicity and biodegradability. Chemically 

conjugating methacrylate groups to generate a gel 

via free radical polymerization under UV exposure is a 

frequent modification of HA.

Cells, organoids and spheroids

The printing of tissue and organs relies heavily on cell 

printing. The strict printing conditions, however, limit 

the bioink materials available. Furthermore, bioma-

terial stiffness, functional groups and surface shape 

have an impact on cellular behavior. For bioprinted 

ink, cells are frequently enclosed in biodegradable 

hydrogels that imitate a tissue-like environment. The 

properties of hydrogels can protect inner cells from 

the shear stress created during the printing pro-

cess, allowing them to maintain bio-functions such 

as stem cell self-renewal and multi-lineage differen-

tiation potency.

Bioprinting processes can use a variety of cell types. 

The size and morphology of the cell or cell aggre-

gate, as well as its ability to be transmitted through 

the printing process in a healthy form, are the most 

common limitations. Temperature, shear stresses, 

acceleration and deceleration should all be consid-

ered from the standpoint of the cell and other fragile 

components of the bioink.  Cellular spheroids are 

basic 3D models that may be made from a variety of 

cell types and form spheroids due to adhering cells’ 
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inherent desire to aggregate. Embryoid bodies, 

mammospheres, tumor spheroids, hepatospheres 

and neurospheres are all examples of spheroids.

In vitro, adult tissue stem cells can generate self-or-

ganizing 3D organoids. Organoids are self-organizing 

3D structures that grow in vitro, embedded in an 

extracellular matrix (ECM), and resemble their organ 

of origin, similar to evolved spheroids. They can be 

made from a range of tissues and cell sources, includ-

ing primary tissue explants, cell lines, multipotent 

adult stem cells, pluripotent embryonic stem cells (ES 

cells) and induced pluripotent stem cells (iPS cells).

Polymers

In 3D bioprinting, there are a few different synthetic 

polymers that are widely employed. Polycaprolactone 

(PCL), poly(Lactic-co-Glycolide) (PLGA), polyethylene 

glycol (PEG) and Poloxamer 407 (Pluronic F127) are 

only a few of them. In an attempt to increase cellular 

responses, blends of synthetic and natural polymers 

can be combined.

Because of its low melting temperature (59–64°C) 

and ease of printing processing, Polycaprolactone 

is the most extensively utilized in microextrusion 

procedures. Polycaprolactone is also non-toxic, 

biocompatible and has a hydrolysis-induced bulk 

erosion/biodegradation profile, allowing the struc-

ture’s shape to be preserved before disintegration. 

Polycaprolactone is a tissue engineering scaffolding 

material that may be used to 3D print scaffolds for 

3D tissue and organs as a supporting framework to 

ensure shape fidelity in printed cell–laden construc-

tions. By altering the polymerization ratio between 

PLA and PGA, PLGA is a biocompatible thermoplastic 

3D Systems and United Therapeutics are making significant 
advances in lung regeneration using bioprinting.

Image: 3D Systems



that allows for controlled degradation. The most 

common application of PLGA in 3D bioprinting is as 

a biopaper substrate on which cells can be stacked 

to build high-resolution 3D tissue structures utiliz-

ing laser bioprinting techniques. Stand alone PLA is 

one of the most often used materials in low-cost 3D 

printing, but it also has use in bioprinting as a biode-

gradable and biocompatible thermopolymer.

PEG (Polyethylene glycol) is a hydrophilic, biocom-

patible, FDA-approved polymer with a wide range 

of uses in biomedicine. Because it is water-soluble, 

PEG plays a role as a representative sacrificial mate-

rial for manufacturing complicated 3D constructions. 

Before creating physical or chemical networks with 

PEG as a bioink, the polymer should be chemically 

changed. The chemically modified PEG is commonly 

crosslinked via photoinitiator (PI)-induced polymeriza-

tion under UV exposure, which is a critical component 

for gel formation.

Poloxamer 407 is a water-insoluble surfactant that 

belongs to the poloxamer family of copolymers. 

Poloxamer 407 is a triblock copolymer made up of 

a hydrophobic polypropylene glycol block in the 

middle and two hydrophilic polyethylene glycol 

blocks on either side. The two PEG blocks are 

around 101 repeat units long, while the propylene 

gycol block is approximately 56 repeat units long. 

Pluronic F127 is the marketing name for the chemical 

developed by BASF.

Ceramics

Because of their outstanding mechanical proper-

ties, osteoconductivity and compatibility with bones, 

ceramics such as tricalcium phosphate (TCP), HA/

hydroxyapatite), ZrO2 (zirconia) and SiO2 (silicate) 

are commonly utilized in bone tissue engineering. 

The most often utilized ceramic for bone tissue engi-

neering is hydroxyapatite (HA, not to be confused 

with hyaluronic acid, which is also HA). HA can be 

employed in a variety of forms in 3D bioprinting 

technologies, including powder, slurry and gran-

ule. The fluidity required for 3D printing techniques 

can be achieved by granulating HA or mixing it with 

other polymer solutions. For the coalescence of 

powdered HA particles and even the inclusion of 

cells, a polymer solution is frequently utilized as a 

liquid binder. Because HA is abundantly present in 

human teeth and bones, it makes the material and 

related ceramics appealing materials for building 

scaffolds with strong mechanical qualities similar 

to actual bone.

BIOPRINTING TECHNOLOGIES

Material jetting was the basis for the earliest bio-

printing technology. This method is related to 3D 

printing material jetting methods like Stratasys’ 

PolyJet or 3D Systems’ MultiJet Printing, which are 

akin to traditional 2D inkjet printing. Early bioprint-

ers were modified 2D inkjet printers that sprayed 

biological ingredients onto a moving Z-axis platform 

to create stacked 3D layers. Today most bioprinters 

on the market are based on extrusion technologies, 

however the most high-end systems integrate mutli-

ple (laser-assisted and laser-free) processes.

Scaffolded and non-scaffolded

Scaffolds provide the mechanical support and physi-

cal framework that allow cells to adhere, grow and 

sustain their physiological capabilities. For cells 

to adhere, proliferate, differentiate and secrete 

extracellular matrix, a scaffold must provide good 

biocompatibility or cytocompatibility (ECM). Bio-

active compounds abound in the ECM. Traditional 

fabrication methods for fabricating three-dimen-

sional scaffolds, on the other hand, lack fine control 

over internal structural characteristics and topol-

ogy. Several polymer additive manufacturing 

technologies, ranging from material extrusion to 
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stereolithography and even selective laser sintering, 

can be used to create sophisticated interfacial tissue 

engineering scaffolds. Scaffolds are instruments 

for bioprinting constructions in an indirect manner. 

As a result, they have geometrical limitations that 

scaffold-free bioprinting techniques can overcome. 

Living cells are directly printed onto a substrate in 

this experiment. The supporting structure is gener-

ated automatically thanks to natural cell activities. 

Scaffold-free bioprinting may be a viable option for 

generating complicated vascular systems within bio-

printed constructs.

Laser-assisted bioprinting

Bioprinting processes, like industrial 3D printing, can 

be further classified into those that use a laser to ini-

tiate a polymerization (hardening) reaction and those 

that do not (and generally use heat or pressure). 

These are also known as LAB (laser aided bioprinting) 

and LFB (laser-free bioprinting).

Direct laser-assisted bioprinting employs a laser 

source similar to that used in laser stereolithogra-

phy (SLA) to direct living cells in droplet form on a 

substrate to digitally predetermined places. After 

transferring cells from the ribbon, the receiving sub-

strate contains a biopolymer or cell culture media 

to maintain cellular adherence and proliferation. 

Long and direct laser light contact with cells, on the 

other hand, results in limited cell survival. LIFT (Laser 

Induced Forward Transfer) and LGDW (Laser Guided 

Direct Writing) are two LAB approaches, however 

stereolithography is the most significant LAB tech-

nology for commercial development today (SL). This 

is the same approach that Charles Hull, the pioneer 

of 3D Systems, devised in 1986. SL can be used to 

layer-by-layer print light-sensitive scaffolding mate-

rials as well as directly photopolymerize polymers 

including cellular material in some circumstances.

In bioprinting, stereolithography is divided into var-

ious subcategories. Microstereolithography (MSTL) 

is a technique for fabricating 3D freeform objects at 

micrometer scales, which uses optical components 

to shrink the diameter of the laser beam. Another 

method is projection-based microstereolithography 

(pMSTL), which uses DLP 3D printing technology 

to fabricate microstructures. Polymers, responsive 

hydrogels, shape memory polymers and biomaterials 

are examples of materials for this process. Two-Pho-

ton Polymerization (2PP) is a laser-based 3D printing 

process that employs two-photon absorption (2PA) 

and a laser to start a chemical reaction that induces 

polymerization of a photosensitive material, similar 

to stereolithography. It is also utilized for bioprinting 

applications. Of all the 3D printing techniques, 2PP 

has the highest resolution. Researchers have been 

able to build 3D habitats for cell adhesion and prolif-

eration using it.

Volumetric bioprinting

The scalability of traditional bioprinting and addi-

tive manufacturing technologies is limited by their 

printing velocity, as lengthy biofabrication processes 

impair cell functionality. Volumetric bioprinting 

overcomes such limitations by bioprinting clinically 

relevant sized, anatomically shaped constructs, in a 

time frame ranging from seconds to tens of seconds.

In 2019, a team of researchers from the Utrecht Med-

ical Center and the École Polytechnique Fédéral 

Lausanne (EPFL) demonstrated the bioprinting of 

large living tissue constructs by processing cell-

friendly hydrogel-based bioresins with a volumetric, 

visible light laser-based printer. The scientists 

developed a custom bioprinter specifically for this 

project with the goal of establishing a spinoff com-

pany exclusively dedicated to commercializing these 

applications. Authors of the study included bio-

printing pioneers such as Professors Jos Malda and 

Riccardo Levato from the Utrecht Medical Center.

Whereas all current bioprinting relies on the layer-by-

layer deposition and assembly of repetitive building 



blocks, (typically cell-laden hydrogel fibers or voxels, 

single cells, or cellular aggregates), the volumetric 

method described leverages an optical-tomogra-

phy-inspired printing approach, based on visible 

light projection, to generate cell-laden tissue 

constructs with high viability from gelatin-based 

photoresponsive hydrogels. 

This method enables the creation of free-form archi-

tectures, difficult to reproduce with conventional 

printing. These include anatomically correct tra-

becular bone models with embedded angiogenic 

sprouts and meniscal grafts. In 2022, the same 

group was able to achieve ultra-fast (<20 seconds) 

volumetric bioprinting of large scale (>1 cm3) engi-

neered liver units, that are functional and able to 

perform key toxin elimination processes that natu-

ral livers perform in our body. The ability to bioprint 

such large functional units of the liver will open new 

opportunities for regenerative medicine and drug 

development testing (DDT).

Laser-free bioprinting

Material jetting (inkjet) and material extrusion (MEX) 

3D printing are two families of technologies that 

are traceable to industrial AM processes in Laser 

Free Bioprinting (LFB). The fundamental difference 

between these two techniques is that in material 

jetting, the print head contains several microscopic 

nozzles, but in extrusion 3D printing, each material 

is extruded and deposited by only one nozzle (or at 

most two or three). Material jetting bioprinters, like 

material jetting 3D printers for industrial manufactur-

ing, are based on inkjet desktop printers.

Micrometer-sized orifices and a print head that can 

be operated by thermal, piezoelectric or solenoid 

valves are used in 3D inkjet printers. The bioink is 

forced through the opening that leads to the printer 

head by a pressure pulse generated in the tank.

Inkjet, acoustic-droplet-ejection and micro-valve 

bioprinting are the three different technologies used 

in droplet-based bioprinting. Sonic bioprinting cre-

ates droplets using acoustic waves. A solenoid pump 

is used to eject droplets in micro-valve bioprinting. 

Continuous InkJet (CIJ), Drop-On-Demand (DoD) 

and ElectroHydroDynamic (EHD) jetting are the 

three sub-families of inkjet bioprinting. Drop-on-de-

mand bioprinting uses heat or piezoelectric actuators 

(or electrostatic forces) to generate the droplets, 

whereas drop-on-demand bioprinting does not. 

Electrohydrodynamic jet (EHD) bioprinting, on the 

other hand, uses high voltage electricity.

Material extrusion, also known as fused deposition 

modeling (FDM) or fused filament fabrication (FFF), 

is a method of laying down stacked layers of material 

by forcing a viscous liquid or molten material through 

a nozzle. A thermoplastic polymer filament, such as 

polylactic acid (PLA) or thermosets, cell suspensions 

and UV curing photopolymers can be extruded.

Instead of droplets, as with DoD methods, the printer 

creates a continuous stream that is placed on the 

substrate. The pressure extrusion of liquids, pastes 

or dispersions is used in pressure-assisted bioprint-

ing. Extrusion bioprinters can create parts utilizing 

materials with a wide range of viscosities employing 

piston, pneumatic or screw-based methods. Extru-

sion methods are slower in general, but they can 

provide high cell survival rates, making them excel-

lent for hard tissue engineering.

Extrusion bioprinting systems can contain multi-

ple printheads to extrude different materials, such 

as scaffolding and cellular materials (for example, 

the MHDS or Multi Head Deposition System devel-

oped by Postech University researchers). Dr. Atala’s 

team at the Wake Forest Institute for Regenera-

tive Medicine presented an integrated multi-head 

tissue-organ printer (ITOP) in 2016, which was 

designed to produce stable, human-scale tissue con-

structs of any shape.
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Other methods of bioprinting

Electrospinning is a versatile 3D printing technology 

that involves ejecting an electrically charged visco-

elastic polymer solution onto a collector in order to 

create fibers. A strong electric field generated by 

a high voltage between a polymer solution output 

and the collector guides the charged polymer solu-

tion’s travel path. This method can create ultrafine 

fibers with dimensions ranging from a few microme-

ters to a few nanometers.

Magnetic 3D bioprinting is a technique for assem-

bling cells into 3D structures or cultures using 

biocompatible magnetic nanoparticles. Nano3D 

(n3D) Biosciences (now owned by Greiner-One 

Bio) developed a nanoshuttle, which is a mag-

netic nanoparticle assembly made up of gold, 

magnetic iron oxide and poly-L-lysine that aids in 

adherence to the cell membrane through electro-

static interactions. External magnetic forces can be 

used to arrange the cells tagged with the magnetic 

nanoshuttle into particular 3D patterns that imitate 

tissue structure and function. When compared to 

extrusion techniques, the magnetic approach is sub-

stantially faster.

Prof. Koich Nakayama of Saga University devised 

the Kenzan technique, and Japan-based Biomedical 

K.K. was granted exclusive rights to utilize it on its 

Regenova bioprinter. In this approach, spheroids, or 

cellular aggregates, with several tens of thousands 

of cells per spheroid, are cultivated. Then, with-

out any additional support material, spheroids are 

inserted directly in thin needle arrays and allowed 

to combine with adjacent spheroids to form a linked 

structure. The cellular spheroids can be positioned 

in any desired three-dimensional configuration with 

proper alignment. Finally, growing linked cellular 

spheroids in a bioreactor encourages cell self-or-

ganization and produces a 3D tissue with the 

appropriate function and quality.

APPLICATIONS OF BIOPRINTING

Organ and tissue loss or failure is a tough and costly 

problem in healthcare. This also means that bio-

printing’s potential to generate functional organs for 

implantation is the single most important opportu-

nity for additive manufacturing’s long-term future. In 

fact, analysts rarely consider bioprinting technology 

when projecting future revenues from AM, despite 

the fact that it has the potential to cover as much as 

2% of the whole manufacturing business within the 

next two decades. This is also because commercial 

organ production applications are much beyond the 

realm of any practical analysis. Nonetheless, bio-

printing applications in tissue regeneration that do 

not revolve around fully functional complex organs 

have a sizable market.

The scarcity of organs around the world, on the 

other hand, is a significant motivator for tissue 

engineering research, particularly the design of a 

cell-scaffold-microenvironment to stimulate the 

regeneration of many types of tissue, including skin, 

cartilage, bone, tendon and cardiac tissue.

Skin & bones (and cartilage)

On a tissue engineering level, bioprinting allows for 

the creation of constructs with greater resolution 

and complexity than is possible with traditional lab 

approaches.  Bioprinting has become a common 

method for fabricating cartilage tissue engineering 

scaffolds from a wide range of materials, including 

ceramics and nanomaterials. 

Cartilage is a flexible connective tissue that is critical 

for elasticity and smooth motion in everyday human 

activities. In the process to induce chondrogene-

sis (how cartilage forms), cartilage regeneration in 

tissue/organ printing procedures should include 

appropriate cell sources (mesenchymal stem cells 

or MSCs, adipose derived stromal stem cells or 



ASCs and chondrocytes), hydrogels (collagen type I 

and II, gelatin, hyaluronic acid, alginate) and growth 

factors (GFs). 

The rebuilding or regeneration of neocartilage tissue 

using 3D bioprinting techniques has received a lot of 

attention but has so far not produced viable commer-

cial applications implantable in humans. Bioprinting 

of cartilage in intervertebral discs, menisci and knees 

remains largely confined to academic research with 

no significant commercial applications currently in line 

to be approved. Some success has been obtained in 

terms of implementing polymer scaffolds to support 

tracheal cartilage regrowth using polymer (PCL) 3D 

printed structures.

Skin, the body’s largest organ, exhibits a complex 

structure consisting of three predominant layers 

(epidermis, dermis and hypodermis). Engineering 

multi-layer skin architecture that conforms to the 

native skin structure is a difficult, if not unattainable, 

goal to achieve with present tissue engineering meth-

ods, as is restoring all of the native skin’s functions. 

Although a number of skin replacements exist, there 

have been no solutions that recapitulate the chemi-

cal, mechanical and biological roles that exist within 

native skin. Just recently, a team of researchers from 

the University of Birmingham used a method called 

suspended layer additive manufacturing (SLAM) 

to produce a continuous tri-layered implant, which 

closely resembles human skin. Through careful con-

trol of the bioink composition, gradients (chemical 

and cellular) were formed throughout the printed 

construct. Culture of the model demonstrated that 

over 21 days, the cellular components played a key 

role in remodeling the supporting matrix into archi-

tectures comparable with those of healthy skin. The 

researchers believe that these implants can facilitate 

healing, commencing from the fascia, up toward the 

skin surface—a mechanism recently shown to be key 

within deep wounds.

Because the nature of hard tissues is simple and 

primarily formed of inorganic materials, bone regen-

eration, along with cartilage regeneration, is the 

most established field utilizing printing technology. 

Many manufacturing processes have been used to 

manufacture a range of biomaterials for the con-

struction of bone scaffolds; however, 3D bioprinting 

allows for more precise control of the structural and 

mechanical features of artificial scaffolds than other 

technologies. In the clinic, innovative, stable and 

resorbable big hard tissue and organ repair mate-

rials generated with 3D bioprinting technology are 

desperately needed.

Cosmetic testing

The testing of pharmaceuticals and cosmetics is 

another area where modified skins are desperately 

needed, especially since animal testing is no longer 

permitted. Given this increased need, 3D bioprint-

ing is a potential method for producing biomimetic 

cellular skin substitutes quickly and reliably, meet-

ing both clinical and industrial needs. Cosmetics 

firms are extremely interested in today’s advanced 

The Cyfuse Regenova, a 3D bioprinter manufactured 
by Japan-based Cyfuse Biomedical.

Image: Cyfuse Biomedical K.K.
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3D printing and bioprinting applications, such as 

3D printed tissue and even hair follicles, especially 

in Europe, where animal testing for cosmetics was 

outlawed in 2013.

Cosmetics giant L’Oréal and Poietis, a French biotech 

startup, signed an exclusive research partnership to 

bioprint follicles capable of sprouting hair. Not only 

may this lead to more effective hair product testing, 

but it could also increase our understanding of how 

hair works, paving the way for potential biologic rem-

edies for adult hair loss.

Last year the EpiDerm Phototoxicity Test was 

accepted as part of Test Guideline No. 498 In vitro 

Phototoxicity: Reconstructed Human Epidermis 

Phototoxicity Test Method by the Organization of 

Economic Cooperation and Development (OECD). 

EpiDerm is produced by MatTek Life Sciences, a 

subsidiary of CELLINK. This effort is in line with the 

Group’s goals to reduce and eventually replace 

animal testing by developing technologies and meth-

ods that are more human-relevant and provide a 

more accurate prediction of human clinical responses. 

This was the fourth OECD test guideline validation 

for MatTek’s in vitro tissue models following valida-

tions for Skin Irritation (OECD TG 439), Skin Corrosion 

(OECD TG 431) and Eye Irritation (OECD TG 492).

Agriculture on a cellular level

Cellular agriculture, an interdisciplinary area of study 

at the junction of health and farming, could gain 

considerably from 3D printing’s ability to add com-

plex shapes to lab-grown meats and dairy products, 

despite its current nexus with 3D bioprinting tech-

nology. Cellular agriculture uses advances in tissue 

engineering, material sciences, bioengineering and 

synthetic biology to create new ways to make existing 

agricultural goods such as milk, meat, perfumes and 

rhino horn from cells and microbes. 

Professor Mark Post’s cultured burger from 2013, 

which established a proof of concept for cultured 

meat, is the most prominent example of a cellular 

agriculture product. The cost of generating an edible 

lab-grown burger size product has been steadily 

falling and is now within reach of the mass public. 

Dozens of companies around the world are introduc-

ing cellular agriculture meat-subtitute (or alt-meat) 

products. Not all of them are producing these foods 

using 3D printing technology. The ones that do use 

3D printing are mostly based in Israel: Aleph Farms, 

Savor Eat, Meat-Tech and Redfine Meat are all imple-

menting bioprinting-realted extrusion processes and 

workflows to reduce cost and accelerate production 

of their alt-meat products.

“ 3D bioprinting is a potential method 
for producing biomimetic cellular skin 
substitutes quickly and reliably, meet-
ing both clinical and industrial needs ”
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Coinciding with the 25th anniversary of the 
famous Vacanti mouse, Bioprinting firm 
T&R Biofab reveals its innovative tissue 
engineering project for treating microtia.

How the Vacanti 
mouse inspired a 
new generation of 
ear bioprinting

SPOTLIGHT

In partnership with

http://tnrbiofab.com/eng/main/main.html


25 years ago, a mouse shocked the world. This 

mouse, the subject of a widely watched 1997 BBC 

documentary and whose image was plastered 

across major news outlets, had a human-shaped ear 

growing on its back. By many, the animal, known as 

the Vacanti mouse, was seen as an affront to the nat-

ural order, but others understood the potential that 

the mouse represented for the medical sector, spe-

cifically for ear reconstruction surgery. 

Today, we can see even more clearly the signifi-

cance of the Vacanti mouse, as it has helped to lay 

the foundation for a game-changing research effort 

currently being undertaken by Korean bioprinting 

firm T&R Biofab for the treatment of microtia. Spe-

cifically, the company has successfully implanted a 

bioprinted ear into a human patient.

How the Vacanti mouse came to be

Ear reconstruction is still considered one of the most 

challenging plastic surgery procedures due to the 

nature of the cartilage tissue it is made from and the 

human ear’s complex structure. Today, the dominant 

treatment for ear trauma and microtia—a congeni-

tal deformity in which the ear does not fully form—is 

the Nagata method, a procedure in which cartilage 

is taken from the patient’s ribs and is carved and 

Left to right: Research engineers Songho Kim and Chaehyeon Ryu in the newly inaugurated 
Bioprinting R&D Center in Pangyo Techno Valley (the biggest technology pole of South Korea)

Image: T&R Biofab

https://www.royalfree.nhs.uk/services/services-a-z/plastic-surgery/ear-reconstruction-surgery/
https://www.royalfree.nhs.uk/services/services-a-z/plastic-surgery/ear-reconstruction-surgery/


sculpted into the shape of an ear. This cartilage is 

then implanted through a skin pocket at the base of 

the ear and positioned. A follow-up procedure lifts 

the ear away from the head. While this has proven 

to be an effective treatment for many, the method 

requires multiple surgical procedures and can result 

in complications, such as tissue morbidity. 

In 1989, Robert Langer and brothers Charles and 

Joseph Vacanti—experts in tissue engineering and 

reconstruction—set out to investigate a different 

approach, in which cartilage tissues could be grown 

on a bioresorbable scaffold, eliminating the need 

for invasive cartilage harvesting. It took years, but 

the medical researchers did achieve some success 

with their work. They molded a dissolvable mesh 

scaffold into the shape of an ear and seeded it with 

cartilage cells derived from a cow. Once it had incu-

bated, it was implanted into a “nude mouse”, a type 

of lab mouse with no immune system or hair due to a 

genetic mutation. The lack of immune system meant 

that the foreign cartilage cells could grow around 

the scaffold under the mouse’s skin. And they did. 

The image of the mouse with an ear on its back, 

released in 1997, went viral—as we’d say today—

drawing both awe and ire. The scientists were 

accused of playing God and the Vacanti mouse 

became a symbol in the movement against genetic 

engineering. In actuality, the experiment involved no 

genetic engineering, but rather tissue engineering. 

Unfortunately, due mostly to funding reasons, the 

Vacanti mouse experiment did not lead any further 

towards human trials, meaning that tissue engineer-

ing is still not an established treatment method for 

microtia and other ear deformities.

Research engineer Daesik Kim operates T&R Biofab’s 
3DX printer. The printer integrates multiple print heads 
as well as independent pressure and temperature 
controls on its print heads and receiving plates.

Image: T&R Biofab

“ Ear reconstruction is considered one 
of the most challenging plastic surgery 
procedures due to the nature of the 
cartilage it is made from and the human 
ear’s structure.”
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Ear reconstruction, 25 years on

While tissue engineering may not be a widespread 

solution for ear reconstruction today, that doesn’t 

mean it won’t be in the near future. 25 years after 

the Vacanti mouse, there are still those working to 

make it a reality. Among them is T&R Biofab, a South 

Korean company founded in 2013 that specializes 

in bioprinting technologies and applications. As we 

covered in a feature story in 2021, one of the com-

pany’s most innovative business ventures is patient 

specific implants (PSIs), created through the use of 

its bioprinting platform. 

T&R Biofab is using this same bioprinting technol-

ogy to advance ear reconstruction for patients with 

microtia. In recent years, the company’s work on 

this front—which is being conducted in cooper-

ation with leading microtia surgeon Dr. In Sik Yun 

from the Gangnam Severance Hospital, Yonsei 

University College of Medicine in Seoul—has pro-

gressed significantly. After an article published in 

2018 detailing T&R’s bioprinting technology and 

the theoretical basis for ear tissue reconstruction, 

the research group was granted an IND (Investiga-

tional New Drug) in 2021 by the Minister of Food 

and Drug Safety. 

With the IND approval, which effectively green-

lights human clinical trials, T&R Biofab and its 

partners at the hospital performed the first sur-

gical implantation of a bioprinted ear scaffold in 

August 2021. As of publication, the patient is still 

healing, but early results look highly promising. The 

team involved in the surgery will follow the patient 

closely over the next few years.

In this particular case study, the ear implant was 

based on a patient-specific scaffold constructed 

using 3D bioprinting technology and made from 

a medical-grade biodegradable material, poly-

caprolactone. The scaffold design was porous (in 

order to encourage growth through the insertion 

of diced cartilage) and was based on a three-di-

mensional scan of the patient’s contralateral ear. 

To account for the thickness of the skin, the bio-

printed model was scaled down by 4 mm for 

best size match.

Image: T&R Biofab

3D imaging of a microtia patient before 
and one week after the surgery



Image: T&R Biofab

In seeding the scaffold with cartilage cells, the sur-

geon extracted cartilage tissue directly from the 

patient’s underdeveloped ear. This tissue was then 

diced and inserted into the bioprinted scaffold’s 

porous structure. This technique is expected to pro-

mote the growth of chondrocytes—the cells that 

make up cartilage—once implanted. From there, the 

ear scaffold was implanted using a similar approach 

to the Nagata method, by inserting the ear through 

a skin flap and fixing it in position. 

 

Now that the bioprinted ear has been implanted, the 

patient’s cartilage cells are expected to grow around 

the scaffold, which will eventually degrade and be 

replaced entirely by the patient’s cartilage. It should 

be noted that even with this method, a second 

procedure is required to lift the ear away from the 

side of the head.

The benefits of a bioprinted ear

There are several advantages to using the bio-

printed ear implant over the more traditional 

cartilage removal and carving. For one, the patient 

does not have to undergo multiple surgical proce-

dures. Particularly, bioprinting eliminates the need 

to remove significant amounts of cartilage from the 

patient’s rib to construct the ear. By removing this 

GMP production facility in Siheung, T&R adapted its own printers to have 
scaled-up features and be able to print several identical products in parallel.
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step entirely and taking cartilage tissue from the 

ear, the patient can benefit from less time under the 

knife (which reduces the risk of complications), less 

scarring and faster recovery times. The bioprint-

ing approach also enables a broader spectrum of 

patients to undergo microtia treatment. 

Traditionally, only children over the age of 10 could 

undergo ear reconstruction, because their ribs have 

to be developed enough. With bioprinting, younger 

children can be candidates for the procedure, since 

no invasive rib cartilage removal is needed. Another 

significant benefit is that the procedure does not 

rely on the sculpting skill of the surgeon. The ear 

shape is determined by a 3D model which can be 

customized to the patient based on their other ear 

(using 3D scanning). T&R’s bioprinting technology 

then constructs the scaffold based on this model 

with extreme precision, leading to ultra-realistic 

ear structures. 

Ultimately, the Vacanti mouse, which took the world 

by storm 25 years ago, has helped to lay the ground-

work for a potentially life-changing procedure for 

those born with microtia or those who suffer ear 

trauma. Of course, it will still be some time before 

the 3D bioprinted ear scaffold is a common proce-

dure. T&R Biofab and its partners must still undergo 

additional trials and analysis. The next step, accord-

ing to the Korean bioprinting company, is to release 

a peer-reviewed scientific paper in the next few 

years that closely examines the follow-up of the 

patient who received the ear implant.

“As the spokesperson of T&R and as a tissue engi-

neering scientist myself, I can say that the Vacanti 

mouse gave us a reason to dream in our childhoods, 

when we were only aspiring ‘tissue engineering 

kids’,” says Paulo André Marinho, Head of Scien-

tific Strategy at T&R Biofab. “It created a community 

that believed that serious engineering associated 

with biology could repair organs in the decades to 

come. And 25 years after, to be able to celebrate 

this anniversary with a preliminary successful case 

of a bioprinted ear implanted into a human makes 

us speechless and humbled. The mouse with an ear 

made us dream, we transformed that dream into 

something a little bit closer to reality.”

“ The mouse with an ear made 
us dream, we transformed 
that dream into something a 
little bit closer to reality.” 

PAULO ANDRÉ MARINHO
HEAD OF SCIENTIFIC STRATEGY, T&R BIOFAB
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Fluicell’s microfluidic bioprinting technolo-
gy did away with bioinks; the new Biopixlar 
AER bioprinter brings these capabilities to 
a broader target of users.

Bioprinting tissues, 
one cell at a time

INTERVIEW

In partnership with

https://fluicell.com/


When the larger public imagines bioprinting they 

tend to imagine a machine that builds cellular tis-

sues adding one cell after the other. Generally, 

that’s not the case, as most technologies leverag-

ing bioinks and hydrogels to create scaffolds and 

deposit the cellular materials. Fluicell’s microflu-

idic bioprinting technology first delivered single 

cell printing capabilities with the original Biopix-

lar platform in 2019. Now, with the new Biopixlar 

AER, these capabilities become accessible to much 

broader target of users. We caught up with Vic-

toire Viannay, CEO of Fluicell, to learn more about 

this technology and the possibilities it opens for 

new applications.

Fluicell was founded ten years ago, as a spin-off 

company from Chalmers University of Technol-

ogy in Gothenburg, Sweden, with the ambition to 

provide single-cell technologies to push the bound-

aries of science. Since the start, the company has 

grown from a one-product company focusing on 

single-cell biology to a five-platform company 

providing research instruments, accessories, ser-

vices and research and development collaborations 

across single-cell biology, bioprinting and regenera-

tive medicine. It has a presence in most of the world, 

with most of systems currently used in the USA and 

throughout Europe, in well-known Universities, 

research institutes and pharmaceutical companies.

Fluicell has grown from a one-product company focusing on single-cell biology to a five-platform 
company providing instruments and research across single-cell biology and regenerative medicine 

Image: Fluicell



“Today, we are a team of 19 innovative and for-

ward-thinking people,” begins Victoire. “We are a 

small team, but we aim to grow the company further 

as we install more and more of our products in labs 

around the world and as we progress in our regener-

ative medicine program through partnerships.”

Fluicell is a provider of research solutions in sin-

gle-cell biology, bioprinting and regenerative 

medicine. “This means that we are not only sell-

ing you an instrument,” Victoire clarifies, “we also 

provide accessories and consumables to cover the 

bioprinting process from start to finish. Our com-

mitment to providing a complete research solution 

package also extends to contract research and 

development work where we help customers to 

develop new applications or perform pilot studies 

using our unique know-how.”

On top of this, Fluicell engages in collaborative 

research partnerships on a regular basis. One recent 

example of this is the ongoing EU-funded research 

project BIRDIE, which aims at developing in vitro 

renal models using bioprinting and organ-on-chip 

technologies, coordinated by Maastricht University, 

with partners in France and Germany.

The cell-by-cell advantage

“Fluicell is a microfluidics company at heart – Vic-

toire tells us – with a particular focus towards 

developing tools to control liquid flows in open vol-

umes. The technology lets us, for instance, expose 

individual cells to drug compounds without taking 

them out of their native environment, or, in the case 

of our Biopixlar bioprinting technology, deposit cells 

with precision at the level of single cells directly in 

culture media to create detailed biological tissues.”

The key most advantage of the Biopixlar platform is 

that open volume microfluidic technology lets users 

create tissues with very high precision and resolu-

tion that better represent cell configurations in real 

tissues. This applies to single-cell arrays or in vitro 

research models of tissue-based therapeutics. In 

addition, since Biopixlar doesn’t require any bioink, 

users can place the cells close together in a way 

that promotes intercellular communication, which is 

important for proper tissue maturation and function. 

In addition, very little starting material is required to 

generate tissues, making the technology well suited 

for, among other things, precision medicine applica-

tions using patient-derived material. 

“ Biopixlar AER has been designed 
for laboratory workflow integration 
and easy user onboarding, making 
the platform an ideal fit for large 
research laboratories with many non-
specialized users.”
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On top of the many advantages mentioned above, 

a crucial difference between Biopixlar and extru-

sion-based techniques is that the printed cells 

experience very little mechanical stress during the 

printing process, resulting in better cell survivability. 

“The difference,” Victoire explains, “is that Biopix-

lar prints directly in culture media using laminar 

flows, which creates a very cell-friendly environment, 

considering that the bioink themselves can cause 

cell-damaging shear stresses. 

“With extrusion bioprinting, there is also very little 

control of how the cells are positioned inside the 

bioink and in the printed tissue, which will have 

an impact on tissue function. Biopixlar avoids this 

by printing the cells directly, thereby promoting 

increased biological functionality. With respect to 

laser-assisted bioprinting the Biopixlar platform 

does away with complex instrumentation and the 

need of a photosensitive matrix to pattern cells.”

The Biopixlar AER compact 
production cell

The new Biopixlar AER was introduced to offer 

single-cell bioprinting in a compact format. It is a 

high-end bioprinting that fits in a standard laminar 

flow hood or biosafety cabinet and that is easy to 

integrate into any laboratory workflow. It’s easy to 

setup and start using, and easy to operate using the 

gamepad controller.

“Biopixlar AER’s goal is to bring the possibilities 

offered by the Biopixlar technology into laboratories 

that favor a high degree of process parallelization 

and automation,” Victoire points out “It has been 

designed for laboratory workflow integration and 

easy user onboarding, making the platform an ideal 

fit for large research laboratories with many non-spe-

cialized users. These can include pharmaceutical 

research laboratories, core facilities and other large 

research infrastructures. The ideal customer is one 

who wants to get more and better data from their in 

vitro research models, whether it is to better under-

stand the biological mechanisms behind a specific 

disease or to obtain more reliable insights into the 

effects of a particular drug candidate.”

The combination of small footprint, robust build and 

remote-control capabilities also makes it possible to 

adapt the platform for use in challenging conditions 

such as for space or deep-sea research. In more 

down-to-Earth settings, Biopixlar generated tissues 

provide an excellent opportunity to reduce the need 

to use animals for research purposes by offering the 

possibility to generate high-quality and physiolog-

ically relevant data earlier in the research process. 

At the same time users can create the same detailed 

biological tissues and 3D in vitro research models 

as the original Biopixlar platform, making it a very 

powerful for biological and biomedical research and 

regenerative medicine application development.

From cells to tissues, without bioinks

In Fluicell’s microfluidic bioprinting technology, 

each printhead can hold up to three different cell 

types and switching is fast and easy with the click of 

a button. This means that users can readily create 

intricate tissue designs by switching between differ-

ent cell types in the middle of a print run. Printheads 

can also easily be exchanged if further cell types are 

required. The 3D structures are created by print-

ing cells in a layer-by-layer fashion. Biopixlar uses a 

custom protein solution that is deposited using the 

same printhead and lets cells stick on top of each 

other in multiple layers. 

“For us cells are the most important building block 

when constructing tissues,” Victoire clarifies. “As 

mentioned before, you don’t need any bioink to hold 

the cells. They are printed together with a custom 

protein solution that lets cells stick together and can 

be deposited wherever the cells are to be places. 



We can create tissues on a wide variety of surfaces 

and have used anything from glass and plastic to thin 

coatings of ECM-like materials with great success.”

We also have great experience from printing tis-

sues on different types of transplantable membrane 

materials, which can be either synthetic or human-de-

rived, Victoire continues. “This is an excellent option 

when developing tissue-based therapeutics since the 

membrane material makes it possible to store and 

transport the tissue before transplantation and also 

makes it easier to keep the tissues intact once inside 

the treated patient. “

Right now, Biopixlar technology is most often used 

in research to create cell-based tissue models to 

study biological processes and diseases. Because the 

focus of single-cell technology is on precision and 

detail rather than large-scale models, the ideal use 

is for creating tissues and models where the micro-

scopic organ structure plays an important biological 

role. Single-cell biology applications are also very 

important for medical and pharmaceutical research 

to study drug toxicity for instance. Measuring the 

effect of a drug on a single-cell level makes it possi-

ble to study rare effects that are otherwise hard to 

spot using conventional techniques where multiple 

responses are pooled together.

Biopixlar-printed tissues also have important appli-

cations for regenerative medicine. They are at the 

core of the company’s own regenerative medicine 

research program, which is focused at developing 

tissue therapeutics that target disease areas with 

a large unmet medical need, such as diabetes, eye 

diseases and cardiac diseases. One cell at a time.

Image: Fluicell

The new Biopixlar AER offers single-cell bioprinting in a compact format. It fits in 
a standard biosafety cabinet and is easy to integrate into any laboratory workflow.
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As important as bioprinting hardware 
manufacturers are, so are the companies 
developing and bringing to market bioinks 
and other bioprinting materials.

A closer look at 
bioprinting material 
companies

MAPPING



Just like in any segment of additive manufactur-

ing (polymers, metals, ceramics, composites), the 

market for bioprinting inks—or bioinks—is the key 

element to understand, determine and assess the 

evolution of the entire segment. Bioprinting hard-

ware technologies are now well established and 

the development of viable bioprinting applica-

tions is now dependent on the availability of new 

bioink materials.

As further proof of this, the rapid rise of Cel-

link (now BICO) to bioprinting market leadership 

started from the commercialization of the first 

bioink products specifically targeting low-cost, 

open-source bioprinters. And that same growth 

has been strengthened by the acquisition of 

Advanced Biomatrix, the leader in offering bioprint-

ing-specific materials. Today more companies are 

offering bioinks than ever before and following in 

BICO’s footsteps.

Here we present some of the most interesting com-

panies (and their products) among the ones listed in 

3dpbm’s 3D Printing Business Directory’s dedicated 

Bioink Manufacturers section. Characteristics and 

prices of some commercially available relevant bio-

inks can be found here  

ADVANCED BIOMATRIX (BICO)

Advanced BioMatrix is a leader in the life science of 

3D applications for tissue culture, cell assay, bio-

printing and cell proliferation. The company, which 

was recently acquired and became part of the BICO 

Group, can be considered the market leader for bio-

inks, with an almost unrivaled selection of products.

The company is located in the San Diego region—

one of the world’s largest life science and 

biotechnology clusters—and has been manufactur-

ing and delivering high quality products for research 

uses and applications for over 10 years. 

Today its offer includes expertise in production, 

isolation, purification, lyophilization, cell culture and 

testing of proteins, adhesion peptides, attachment 

factors, bioinks, substrate rigidity and other 3D 

matrix products.

As per the company vision of “Transforming science 

to a new level of discovery by providing advanced 

technologies through innovative 3D matrix prod-

ucts”, Advanced BIoMatrix has continued to add 

several new products each year that provide 

research tools for customers worldwide, developing 

new products and technologies within the company 

and collaborating with many research institutes, uni-

versities and life science companies.

Bioink is sold under the Lifeink brand. The main 

expertise at Advanced BioMatrix is with extru-

sion-based bioprinting, though many products, 

including methacrylated collagen, methacrylated 

gelatin, methacrylated hyaluronic acid and thio-

lated hyaluronic acid have been used in publications 

across several different bioprinting methods.

Advanced Biomatrix also developed the FRESH 

method for bioprinting. FRESH stands for Freeform 

Reversible Embedding of Suspended Hydrogels. 

The technology utilizes a gelatin support bath, or 

slurry, that essentially traps the construct in place 

as it’s printed inside the slurry. In order to print 

native extracellular matrix proteins without the use 

of added non-native materials (such as cellulose or 

alginate), a support material is required. Natural pro-

teins lack rapid crosslinking or structural integrity for 

vertical 3D printing, without support.

LifeSupport is the official ready-to-use gelatin sup-

port slurry for FRESH bioprinting and has been used 

to print constructs such as nasal cartilage, a menis-

cus, heart valves and even an entire heart—out of 

native ECM proteins.

https://airtable.com/shrcvzKkieLYwZAcb


JELLAGEN

Jellagen is a UK company that was founded in 2015 

by Professor Andrew Mearns Spragg, a Scottish 

marine biotechnology pioneer. Jellagen is a marine 

biotechnology company manufacturing Collagen 

type 0 bioinks for medical and scientific research 

applications using its proprietary technology to 

produce it from jellyfish and market it under the 

JellaGel brand.

Collagen type 0 is an evolutionary ancient stem 

collagen that is foundational, allowing greater 

applications across multiple indications. Unlike 

alternative collagens which are more specific there-

fore restricting their end applications, Collagen 

Type 0 is more versatile due to its evolutionary lin-

eage. For this reason, it can be classed as the “stem 

of all collagens”.

JellaGel is made from Jellyfish collagen, which is 

categorized as collagen type 0 due to its homoge-

neity to the mammalian types I, II, III, V and IX. It is 

suitable for in vitro cell culture and tissue engineer-

ing, offering a natural, non-mammalian alternative to 

mammalian and synthetic hydrogels that are cur-

rently on the market. One of the defining features 

of JellaGel is that it can be used at room tempera-

ture meaning there is no need for ice or cold rooms, 

unlike some hydrogels currently on the market. This 

product is supplied in kit format with JellaGel solu-

tion, buffer and crosslinker for ease of use.

Advanced BioMatrix is a leader in the life science of 3D applications for 
tissue culture, cell assay, bioprinting and cell proliferation.

Image: Advanced Biomaterix | BICO
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HUMABIOLOGICS

Humabiologics is the first company to introduce 

native human collagen bioinks and gelatin bioinks. 

These bioinks enable researchers to advance the 

translational research of bioprinted human organs 

and tissues. The company was founded by current 

CEO Mohammad Albanna, leveraging exten-

sive experience in the field of Tissue Engineering 

and Regenerative Medicine (as Adjunct Professor 

of General Surgery at the Wake Forest University 

School of Medicine). 

Leveraging proprietary processes to manufacture its 

products, Humabiologics partners with FDA-regis-

tered and accredited tissue banks around the US to 

utilize thoroughly screened donated human tissue 

that will not be used for transplant. Its bioink prod-

uct offering includes native human collagen, bone 

gelatin and extracellular matrix. These human-de-

rived products are designed to address several 

ongoing challenges.For example, most of the cur-

rent sources of collagen and gelatin come from 

animal tissue such as skin, bone, tendons, ligaments 

from cows, pigs, rats and fish. While there are some 

similarities between human and animal collagen, 

minor variations in collagen composition can result 

in significant differences in the properties of col-

lagen and impact the cellular response and the 

formation of tissue. The use of animal products 

in research can lead to poor translation aspects, 

irrelevant outcomes, and potential FDA regulatory 

hurdles that can slow the development of life sci-

ence innovations. 

The successful use of the first native human colla-

gen bioink was published by Vipuil Kishore’s team 

at Florida Institute of Technology (FIT) in a paper 

titled “In vitro characterization of xeno-free clini-

cally relevant human collagen and its applicability 

in cell-laden 3D bioprinting”. The authors used lyo-

philized human collagen derived from human skin. 

They were able to create several formulas of bio-

inks. The advantage of using lyophilized collagen 

provided researchers with the ability to tailor the 

properties of collagen to meet their specific ther-

apy needs. The paper demonstrated the successful 

use of human collagen to print stable structures 

using bone cancer cells, which was not possible 

with animal collagen unless higher concentration 

or further processing of collagen is employed. The 

paper also showed structural differences between 

human and animal collagen. The results provided 

an impetus for using human-derived collagen as 

a viable alternative to animal collagen sources for 

3D bioprinting.

ROUSSELOT

Rousselot is the world’s leading collagen supplier. 

The Benelux company produces many different 

gelatin- and collagen-based products for industries 

and consumers around the world. As the leading 

collagen supplier, Rousselot offers high quality 

collagen and gelatin based bioinks specifically for 

Humabiologics bioinks enable researchers 
to advance the translational research of 
bioprinted human organs and tissues. 

Image: Humabiologics



bioprinting. The X-Pure low-endotoxin pharmaceu-

tical-grade modified and non-modified gelatins are 

available as bioinks and can be used to generate 

customized organs-on-a-chip for drug develop-

ment, engineer new bone formation, or printing of 

cell-laden scaffolds. The X-Pure GelMA is an ideal 

scaffold or carrier biomaterial, mimicking the extra-

cellular matrix. It has excellent thermostability at 

37°C and can help create a perfect environment 

for cell growth. It is also the first GMP-ready gelatin 

methacryloyl bioink

Rousselot also recently introduced the X-Pure 

GelDAT bioink, which is functionally equivalent to 

the GMP-grade material, so researchers have less 

risk of having to re-validate their biomaterial prior to 

clinical trials. X-Pure GelDAT is a unique addition to 

the Rousselot portfolio because of its phenolic mod-

ification that grants superior adhesion properties to 

human tissues and because it can be cross-linked 

by both enzymatic reaction or photo-induction. 

These characteristics allow its combination with 

other biomaterials for the creation of more versatile 

and complex structures for drug delivery, tissue 

engineering, organ-on-a-chip and complex wound 

dressing applications.

4D BIOMATERIALS

4D Biomaterials is the trading name of 4D Medicine 

Ltd, a company that was spun out from the Univer-

sities of Birmingham and Warwick in April 2020. 

Among the companies listed here, it is the only one 

to commercialize a new class of materials: liquid 

resins that can be printed into solid 3D scaffold 

implants to help patients recover from major medi-

cal procedures. 

The polycarbonate-urethane based resins, marketed 

under the trade name 4Degra, are novel bioresorb-

able materials with good shape memory, tuneable 

mechanical and chemical properties and promis-

ing tissue-healing performance. The composition of 

the resins is protected by a family of patents owned 

by the company. 4Degra resin-inks are available in 

“ 4D Biomaterials is the only compa-
ny in this list to commercialize a new 
class of materials: liquid resins that 
can be printed into solid 3D scaffold 
implants to help patients recover 
from major medical procedures. ”
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Technical Grades’ (T series) for use in research and 

development projects. By tuning the chemistry and 

formulation of the 4Degra resins it is possible to 

achieve a wide range of physical properties, shape 

memory behaviour and degradation-time profiles in 

the finished 3D printed parts made from them.

The company’s standardised product range includes 

‘soft’ T15 and ‘hard’ T800 variants with tensile elastic 

moduli of 15 Mpa and 800 Mpa respectively. Higher 

modulus grades are also under development. 

4Degra resin-inks show some advantages over the 

next-best alternatives in numerous biomedical appli-

cations. The ability to 3D print complex scaffold 

designs and other implantable medical devices with 

fine resolution (down to 5 microns in the Z axis, and 

2 microns in the X and Y axes) and shape memory 

functionality, offers collaborators broad product 

development potential. In partnership with busi-

ness partners from the 3D printing and medical 

device sectors, the company is developing target 

product concepts for a range of indications, rang-

ing from implantable micro-devices to tibial fracture 

repair devices.

UPM BIOMEDICALS

Part of the  €8.6 billion UPM Group, UPM Biomed-

icals is the forerunner in producing high-quality 

nanofibrillar cellulose for medical and life science 

applications. More than 300 patents protect the 

existing and future products that rely on the Finnish 

birch pulp. The company actively collaborates with 

universities, research centers and key industrial part-

ners on future innovations and products in the field 

of high-throughput drug screening, personalized 

medicine, advanced cell therapies, 3D bioprinting, 

tissue engineering and advanced wound care.

UPM’s GrowInk Bioinks for 3D bioprinting are animal 

free, biocompatible, ready-to-use hydrogels that 

can be mixed directly with cells for bioprinting 

applications. The two main components in Grow-

Inks are nanofibrillar cellulose and water, providing a 

fully defined matrix. The matrix can be customized by 

the addition of molecules, such as growth factors or 

adhesion proteins, as needed by your specific cells.  

Available in various versions, GrowInks mimic the in 

vivo environment supporting cell growth and differ-

entiation. Over 150 different cell types have been 

cultured in nanofibrillar cellulose. They can easily be 

diluted to provide a wide range of stiffnesses that can 

be matched to the requirements of your cells. Grow-

Inks are room temperature stable and can be used 

with or without a crosslinking agent depending on 

your application, but all enable cell printing layer-by-

layer with high-precision cell positioning.

AKIRA SCIENCE

Founded in 2019, Akira Science is an interesting 

startup on a mission to remove the barriers for soft 

tissue engineering via polymer scaffolding. The 

company’s breakthrough innovation, the AKIMed 

c12 filament/scaffold, makes soft tissue regenera-

tion smarter and easier. It is non-toxic, degradable, 

biocompatible, pliable, 3D printing-compatible and 

offers a uniquely affordable solution in the market.

AkiMed-c12 is a unique material alternative for tissue 

engineering offering controllable degradation profile 

and negligible thermal degradation. The filaments 

are made from the proprietary Akimed- c12 polymer 

which is synthesised in Akira’s lab and then extruded 

to ensure high quality for research applications. The 

filament or pellets can be used for fabricating scaf-

folds through fused filament fabrication (FFF) of a 

material which is similar to poly (ɛ-caprolactone), 

PCL, but has a more rapid degradation behavior. It is 

intended to be used to manufacture soft and pliable 

scaffolds while offering a well characterised polymer 

to the scientific community.
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A group of pioneering researchers are 
looking to usher in a new era with volumet-
ric bioprinting complex tissues. Liver is first 
on the list.

Scientists de-liver 
volumetric bioprinting

RESEARCH



In 2019, a team of researchers first demonstrated 

the bioprinting of large living tissue constructs by 

processing cell-friendly hydrogel-based bioresins 

with a volumetric, visible light laser-based printer. 

In February 2022, members of that same team were 

for the first time able to use this volumetric bioprint-

ing method to produce functional liver tissue units 

to be used for drug testing and, eventually, implan-

tation in humans.

Authors of this initial study included bioprinting 

pioneers such as Professors Jos Malda and Ric-

cardo Levato from the Utrecht Medical Center, as 

well as Professor Christophe Moser, from the École 

Polytechnique Fédéral Lausanne (EPFL), who is an 

expert in photonics. Their research began to open 

new possibilities in terms of reproducing complex 

human organ tissue grafts by enabling the additive 

creation of highly complex geometries without the 

limitations of a layer-based method. Today those 

possibilities are much closer, with the achievement 

of the first, large-size (>1cm3), volumetrically bio-

printed functional liver tissue units.

Why volumetric?

Biofabrication technologies in general, including 

stereolithography and extrusion-based printing, are 

revolutionizing the creation of complex engineered 

tissues. However current bioprinting processes—

as most additive manufacturing processes—rely 

on additive layer-by-layer deposition and assembly 

of repetitive building blocks, typically cell-laden 

hydrogel fibers or voxels, single cells or cellular 

aggregates. The scalability of these additive man-

ufacturing technologies is limited by their printing 

velocity, as lengthy biofabrication processes impair 

cell functionality.

The volumetric method overcomes such limitations 

by bioprinting clinically relevant sized, anatomi-

cally shaped constructs. In addition, it does so in a 

time frame ranging from seconds to tens of sec-

onds. The scientists developed a custom bioprinter 

specifically for this project. A spinoff company, 

Readily3D, exclusively dedicated to these applica-

tions, is now evolving to commercialize it.

Fast tissue

An optical-tomography-inspired printing approach, 

based on visible light projection, was developed 

to generate cell-laden tissue constructs with high 

viability from gelatin-based photoresponsive 

hydrogels. This method enables the creation of 

free-form architectures, difficult to reproduce with 

conventional printing. These include anatomically 

correct trabecular bone models with embedded 

angiogenic sprouts and meniscal grafts.

By printing functional hydrogel-based ball-and-

cage fluidic valves, the researchers demonstrated 

the ability to generate free-floating structures 

which are key in complex tissue and organ produc-

tion. Volumetric bioprinting permits the creation 

of geometrically complex, centimeter-scale con-

structs at an unprecedented printing velocity, thus 

opening new avenues for upscaling the production 

of hydrogel-based constructs and for applica-

tions in tissue engineering, regenerative medicine 

and soft robotics.

VBP technology

The technology works by depositing a 3D light 

dose distribution into a cylindrical container of 

photopolymer gel to permit its spatially selective 

crosslink, as shown in the image above. To build 

up this 3D dose distribution, the resin container is 

set into the rotation and synchronously irradiated 

with a sequence of 2D light patterns, computed by 

a Radon transform, and applying the principles of 

medical tomographic imaging in reverse, which is 

the basis for all volumetric 3D printing.



In other words, the light patterns represent projec-

tions of the object to fabricate along with multiple 

rotational angles of the cylindrical volume of the 

photopolymer. These dynamic light patterns are 

displayed into the build volume by irradiating a DLP 

modulator with a 405 nm laser source. The polymer 

solidifies only in selective areas where the accu-

mulation of multiple angular exposures results in 

an absorbed dose (shown in the video below). The 

main issue is that, unlike traditional layered photo-

polymerization, any overcuring results in the part’s 

deformation so the minimum exposure time to 

gelate the 3D object within the optical field must be 

very carefully determined.

Time to de-liver

In February 2022, the team published a new study 

titled “Volumetric Bioprinting of Organoids and 

Optically Tuned Hydrogels to Build Liver-Like 

Metabolic Biofactories”. As Riccardo Levato, Asso-

ciate Professor from Utrecht University and one of 

the study’s authors, exclusively explained to 3dpbm, 

the researchers were able to achieve ultra-fast (<20 

seconds) volumetric bioprinting of large-scale (>1 

cm3) engineered liver units, that are functional and 

able to perform key toxin elimination processes that 

natural livers perform in our body. 

In 2019, 3dpbm covered the story of the achieve-

ment by the same team when they first pioneered 

this layerless technology in the realm of biofabrica-

tion. It should be noted that volumetric bioprinting, 

a type of 3D printing that enables the construction 

of parts and constructs from all sides at the same 

time, is considered key to achieving 3D bioprint-

ing of complex organs in the future. From that 

work, a spin-off from the team’s collaborators in 

Lausanne, (who is also involved in this new study) 

came into being.
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“ Volumetric bioprinting permits the 
creation of geometrically complex, 
centimeter-scale constructs at an un-
precedented printing velocity, open-
ing new avenues for upscaling the 
production of hydrogel-based con-
structs and for applications in tissue 
engineering, regenerative medicine 
and soft robotics ”



Seeing through cells

The research team developed a technique to “make 

cells transparent”, so that they could overcome one 

of the main limitations of volumetric printing, which 

is to avoid printing artifacts and the loss of resolu-

tion due to light scattering caused by cells. In this 

way, volumetric bioprinting becomes truly accessible 

to all cell printing applications. As volumetric print-

ing relies on the precise patterning of light in 3D, it is 

typically only possible in highly transparent materi-

als. However, cells at high concentrations can scatter 

light, to the point of impeding certain prints.

In this work, the researchers developed a new mate-

rial formulation using a bio-friendly compound, used 

nowadays in medicine as a contrast agent for coro-

nary angiography (iodixanol), which can essentially 

“make the cells transparent”. In this way, they can 

allow high printing fidelity even at high cell density, 

which is needed for tissue engineering applica-

tions. Moreover, similar strategies could be used 

outside the realm of bioprinting, for instance, to 

print composite resins with micro and nanoparticles 

(ceramics, metals, etc.).

Biological function follows 
(bioprinted) form

The researchers were thus able to build a large (>1 

cm3) viable and functional liver unit, for the first time 

by printing organoids. Organoids are miniaturized 

(max 1 mm), stem-cell made units that copy some 

aspects of their tissue of reference. Alone, they 

cannot be easily assembled into large structures 

needed to mimic human organs, limiting their capac-

ity to be used in clinical settings. The use of safe 

light, ultra-rapid fabrication rate and the contactless 

nature of volumetric bioprinting (so that there is no 

shear stress on the cells) allow for the organoids to 

be kept safe and alive.

The Utrecht University research team demonstrated 

how printing cells into different 3D architectures can 

boost their ability to work as a liver, an indication 

that bioprinting can really be used to improve the 

functional resemblance between printed structures 

and native tissues. They also demonstrated this by 

showing how the printed architecture successfully 

improved the ability of the organoids to detoxify 

and eliminate compounds that could be harmful 

for our body. “Via bioprinting, we also create dif-

ferent porous structures that can be perfused with 

nutrients, and “replace” the role of blood vessels,” 

Levato said. “These bioprinted liver units of such 

clinically relevant sizes open new opportunities 

for regenerative medicine and for developing new 

patient-specific models to study new drugs against 

liver diseases.”

The full study, “Volumetric Bioprinting of Organoids 

and Optically Tuned Hydrogels to Build Liver-Like 

Metabolic Biofactories”, published February 15, 

2022, can be accessed here for further reading.

Overview of the high-resolution volumetric 
printing process and study design.

https://onlinelibrary.wiley.com/doi/10.1002/adma.202110054
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And could it also be the end of animal-de-
rived biomaterials for realistic applications?

By Dr. Stephen G. Gray
In memory of Jemma Redmond

Is it the end of 
extrusion 3D 
bioprinting in 
regenerative 
medicine?

OP-ED



My journey in this industry started over ten years 

ago as a young wide-eyed regenerative medi-

cine master’s student at NUI Galway, that suddenly 

became an “extrusion 3D bioprinting maximalist 

and deep technology entrepreneur” during my bio-

engineering British Heart Foundation-funded PhD 

research scholarship at Imperial College London. 

Imperial is ranked third in Europe and seventh in 

the world, but most importantly it is a vibrant hub 

of deep technology innovation that inspires stu-

dents, researchers, and professors to become 

entrepreneurs. After watching the industry grow 

over the years it is finally becoming clear to me that 

extrusion 3D bioprinting technologies are mostly 

useful for entry-level tissue engineering research 

and development rather than realistic applications 

in regenerative medicine. More advanced multi-

plexed 3D biofabrication technologies (electric, 

magnetic, microfluidic, volumetric, and acoustic) in 

combination with non-animal derived or enhanced 

biomaterials (human, synthetic, 4D self-assembly, 

and cyborganic) are needed to overcome extrusion 

3D bioprinting’s many limitations, fix a stagnating 

industry, and finally create realistic applications for 

all of regenerative medicine.

I always advise anyone in the industry to read the 

publications and proof surrounding the differ-

ent technologies’ potential in real tissue formation 

before buying. Especially when it comes to using 

stem cells that are more sensitive to biomechani-

cal changes and biomaterial properties. Not only 

do they need to remain viable they must maintain 

their multi/pluripotent characteristics during and 

after the 3D biofabrication process to ever create 

real 3D tissues and organs. Some basic technolo-

gies have many limitations and cannot create viable 

high throughput tissues or organs but are important 

for entry into the tissue engineering sector. Organ-

on-a-chip technology which is within the realm of 

3D biofabrication dominates in terms of creating 

high throughput 3D tissue models for important 

applications such as drug discovery and potential 

animal model replacement. Some of the limitations 

of extrusion 3D bioprinting in regenerative med-

icine applications include low cell viability, slow 

speeds, cell death from deformation caused by 

shear stress, and lack of cellular properties needed 

for complex tissue formation after the process. 

Newer advanced technologies can overcome these 

limitations and have better chances of success in 

regenerative medicine.

Ourobotics: early years of 
extrusion bioprinting

I remember years ago when I was walking through 

the bioengineering labs of Imperial College London 

I was becoming frustrated at trying to make fully 

structural 3D vessels with all cell layers for a novel 

bioreactor to study atherosclerosis under pulsa-

tile and transmural flow conditions. In the early 

years of my PhD in 2011-2012 copolymer synthe-

sis, biomaterial molding, hydrogel formation, aorta 

decellularization, hollow fibers and electrospinning 

were not giving me the results I wanted as it was 

not as easy to fully merge cells and materials in one 

instant process. It usually required long complex yet 

limited 2D or 3D scaffolding and the addition of cells 

after the process, not creating what I needed. 

What did I do back in 2013? I became obsessed 

with open-sourced 3D printing technology and 

littered my apartment in Hammersmith with 3D 

printer machines, electronics, syringes with bioma-

terials, designs, and other accessories. Then I took 

my RepRap 3D printer from home and my ideas for 

bioprinter modifications and co-supervised students 

during the Rio Tinto Sports Innovation Program 

(thanks to Dr Southgate) to modify it into what we 

know now as 3D extrusion bioprinting. The goal of 

the student’s project was to 3D print a pressure-sen-

sitive electroconductive wheelchair mat with sensors 

for novel Paralympics sports equipment.



Now in 2021, Puredyne (ViscoTec GmbH) has been 

released ultimately creating the extrusion bioprint-

ing solution I needed years ago with an affordable 

bioprinting module that can be connected to and 

used on almost any 3D printer. During my time 

in making extrusion-based technologies whilst 

exploring other electric fields and microfluidic tech-

nologies, I interacted with fellow RepRap bioprinting 

pioneer Prof. Miller (Co-Founder of Volumetric Inc) 

after watching his videos of 3D bioprinting sugar 

with a modified RepRap for regenerative medi-

cine applications in 2012. Prof. Miller is a pioneer in 

this field from basic technologies using a RepRap 

to more advanced technologies such as volumet-

ric bioprinting. Back then I was shocked at how 

simple and cheap it was to create a basic extrusion 

3D bioprinter compared to other tissue engineering 

technologies. The thought crossed my mind in 2013 

what if it could be merged with biomaterials and 

cells and sold to researchers at an affordable price 

whilst being connected to a database of CAD files?

A year or so later, I started working with an incredibly 

talented and entrepreneurial engineer, Jemma Red-

mond, building our company Ourobotics. In 2015 

Ourobotics released an advanced robotic arm 3D 

bioprinting machine, “The Revolution”, with a capac-

ity for ten biomaterial syringes, artificial intelligence 

retooling, an incubator enclosure, with one grant 

submitted for a GMP-compliant machine with Impe-

rial College London. Our research with others into 

combining and designing multiplexed 3D biofabri-

cation inventions using electrohydrodynamic jetting 

technology was so advanced that we even decided 

to open-source the basic extrusion 3D bioprinting 

machine as “The Renegade” for 900 € in 2016.

Cellink (BICO), Allevi, and Regemat were all devel-

oping extrusion 3D bioprinter machines around the 

same time. Together all start-ups pioneered the era 

of desktop 3D bioprinting and disrupted a market 

of overpriced bioprinter machines costing upwards 

of  €200,000. My first start-up’s exploration into 

advanced technologies happened when Jemma and 

I met Prof. Suwan Jayasinghe, University College 

London. He told us in 2015 that 3D bioprinting alone 

would not create the tissue and cellular structures 

needed for realistic regenerative medicine applica-

tions. We were skeptical, but we realized we were 

nowhere near as experienced in this industry as he 

was, so we listened attentively.

He was adamant that his inventions like 3D Bio-

electrospraying (integrated with microfluidics), 

Electrohydrodynamic Jetting of Cells, and Cell 

Electrospinning were far superior, proven in many 

publications to work, more sensitive to cells by main-

taining their properties and could be merged with 

existing 3D bioprinting technology for regenerative 

medicine studies. I was familiar with electrospinning 

and its limitations of not being able to use cells in 

the process due to issues with the voltage and poly-

mers. However, what Prof. Jayasinghe had invented 

was proven to work in 3D using the electric field for 

both cells and biomaterials at a nanoscale resolution 

in one process; it just was not in a commercial set-

ting. Not only has it been published to make many 

viable 3D tissues for in vitro and in vivo research, it 

even has utility for encapsulation of nanomaterials 

for gene therapy. He was right, and we just didn’t 

know it back then.

Even if we were set on robotic arm 3D bioprinting, it 

didn’t stop me from reading his hundreds of publi-

cations, his patent on electrohydrodynamic jetting 

of cells, and starting our start-up’s designs, proto-

types, and experimentations for what we described 

as the “The Medusa”. During my research, we 

experimented with multiple novel ways for merg-

ing 3D Bioelectrospraying, Cell Electrospinning, 

and Electrohydrodynamic Jetting technologies with 

the X, Y, Z motions and robotics of extrusion 3D 

bioprinting. Those with more extensive engineer-

ing backgrounds, including my father Gerard Gray, 
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Aidan Hickey, and others, also helped me co-invent, 

design, and prototype these technologies of newer 

multiplexed 3D biofabrication systems. 

Our technologies were first demonstrated as a 

poster and oral presentation at the NC3RS con-

ference in London in December, at The Annual 

World Congress of Smart Materials in Singapore in 

2016 and during my time as visiting lecturer for the 

Innovation Design Engineering masters at Imperial 

College London with workshops on 3D biofabri-

cation for multiple sectors such as health, food, 

architecture, and textiles or on using SLA 3D print-

ing for organ-on-a-chip technology.

The then CTO Dr Comerford was even inventing 

an interactive 3D model database platform for all 

of biofabrication. We also met with Dr Vaidyana-

than from Imperial College London and explored 

ideas that we could one day 3D biofabricate deep 

brain neural stimulation devices to treat Parkinson’s. 

Ourobotics was voted in the top 10 3D bioprinters 

of 2015 and won many awards after being funded 

by SOSV as a Hax alumni. However, tragically the 

world lost the engineering genius that was Jemma 

Redmond in 2016 before we could start to make an 

impact with our advanced biofabrication technolo-

gies and industry vision mapped out sitting together 

in labs at Imperial College or on whiteboards at the 

office in Cork.

As a result of losing a friend and co-founder, I mostly 

walked away from the start-up industry, other than 

one company that started as FluxBio and later 

changed following co-founder separation. I owe a 

debt of gratitude to my supervisors and mentors at 

the bioengineering department of Imperial College 

London (Prof. Weinberg, Prof. Bull, Prof. Moore) and 

my career mentor Prof. Kamm from MIT. Their orig-

inal inspiration that propelled me into the start-up 

industry, constant support during a hard time for 

me with the loss of Jemma, and endless encour-

agement are responsible for my journey from a 

bioengineering PhD student to a serial deep tech-

nology entrepreneur.

I reconsidered my view of the 3D biofabrica-

tion start-up industry in 2020 when I met a young 

“ Extrusion 3D bioprinters cannot 
make high-throughput tissue struc-
tures, so there is a need for more 
advanced tissue engineering tech-
nologies to elevate the potential 
surrounding 3D bioprinting. ”



entrepreneurial PhD candidate Paul Jochems from 

Utrecht University. Friso Smit of the Utrecht Science 

Park made the connection to Paul and Jan Zuidema 

of the Provincie Utrecht/ROM that supported and 

encouraged my work on helping to build start-ups. 

At that time I was working between both organiza-

tions and they knew start-ups were not my primary 

focus in life, but I do owe them a lot for encouraging 

me to help other new entrepreneurs. Both Friso and 

Jan have been two of the greatest career mentors 

I have been fortunate to have over the years, like 

many professors before them. Paul’s research had 

created a novel biofabricated 3D intestinal model 

with all cellular structures making it more physio-

logically relevant with plans to connect it to a future 

artificial intelligence clinical trial database in the 

start-up setting. His passion and drive reminded me 

of when I had a crazy start-up idea at Imperial and 

why I got into biotechnology entrepreneurship in 

the first place. Since helping Dr Jochems build his 

start-up GUTSBV as a co-founding advisor in 2020, 

he has been awarded approximately 220,000 €, was 

selected to participate in the national venture chal-

lenge in the Netherlands, and is now fundraising. 

I expect big things for Paul in this industry based 

upon his strong technical background and natural 

entrepreneurial talents.

As for 3D bioprinting, years later, low and behold, 

Prof. Jayasinghe was right; extrusion 3D bioprinting 

did not work due to its many predicted limitations. In 

extrusion 3D bioprinting, cells suffered from defor-

mation due to shear stress, low cell viability, slow 

speeds, limited tissue formation, and cellular behav-

ior needed after the process, and ultimately higher 

probability of cell death. Extrusion 3D bioprinters 

cannot make high throughput tissue structures, so 

now it is clear there is a need for more advanced 

tissue engineering technologies to elevate the 

potential and hype surrounding 3D bioprinting.  

The Revolution bioprinter developed by Orobotics in 2015

Image: Ourobotics
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With over 150 publications, some of the proven 

advantages of Prof. Jayasinghe’s technologies 

include higher cell viability [85%+] compared to 

extrusion bioprinting’s low cell viability; faster 

speeds (10nm/s+), higher cell density, precision 

with nano-scale resolution (< 50nm) when com-

pared to extrusion (>5μm), inkjet (< 5-50μm), and 

laser-assisted bioprinting (>50μm), with non-contact 

biofabrication potential and no need for sup-

port structures.

The technology can handle more significant volumes 

of multiple cell types and biopolymers to control 

individual cell droplets and thread deposition, faster 

processing, cell separation into streams. It has been 

proven to maintain the dynamic metabolism of cells, 

allows cells to carry out all their expected cellular 

behavior, can be used to control the release of cel-

lular/therapeutic agents at a specific site over the 

desired period, and allows for deeper cell pene-

tration into the scaffolds. It can encapsulate cells, 

genes, proteins, and most notably, after the biofab-

rication process, the cells maintain their metabolic, 

morphological, and pluripotent characteristics. 

Something essential for cells in forming complex 

tissues that extrusion 3D bioprinting fails to achieve 

due to speed, resolution, cell deformation, and shear 

stress. Publications have proven Prof. Jayasinghes 

technologies can create functional 3D whole embryo 

models, 3D skin repair models, 3D mesenchymal 

progenitor and embryonic stem cell studies with 

pluripotency maintained, 3D cardiac repair patches, 

3D lung models, 3D neural models, and more. It can 

dispense whole human blood as a diagnostic tool, be 

used as a gene therapy delivery system, encapsulate 

sperm cells, and has been coupled with microfluidics 

to control cell numbers in living residues and create 

multi-compartmental living structures. In a 2021 

review, Prof. Jayasinghe’s advanced technologies 

were listed as important emerging technologies in 

the 3D biofabrication review article.

Ourobionics: 4D biofabrication

Fast forward to 2020, and Ourobionics has started 

to form based upon John Zandbergen hearing all 

about the hard work, successes, failures, inven-

tions and visions first mapped out by Jemma and 

me for Ourobotics before 2016. I first sat down 

with John in early 2020 at Cafe Hemingway in 

Utrecht and told him about my first start-up’s ear-

ly-stage RandD work on merging Prof. Jayasinghe’s 

advanced patented technologies with 3D bioprint-

ing. His eyes lit up with excitement surrounding its 

potential to change the commercial industry. He 

enjoyed that the first start-up’s name was derived 

from “Ouroboros”, meaning cyclical renewal (close 

to regenerative medicine) and he thought it was 

best to live up to the original start-up’s vision that 

was ahead of the curve in 2015. John has over 20+ 

years of corporate experience and even some 

hands-on experience in the bioprinting industry 

from the commercial side. That was when Ourobi-

onics was first co-founded in stealth mode, prior 

to BV formation.

He saw the many limitations of the technologies 

and the frustrations of clients in the sector. I intro-

duced John to those with the technologies to 

transform a stagnating industry, and a couple of 

months later, Prof. Jayasinghe joined Ourobionics 

B.V. as co-founding Chief Scientific Officer. I con-

nected him with industry experts to build a strong 

management team with a vision to go beyond 

bioprinting into high-throughput tissues with 

embedded sensor technologies and 4D biofab-

ricated cyborganic optogenetic stem cell neural 

implants for the next-gen of regenerative medicine 

and human-machine interfacing

Before meeting John, I met Dr Mohammad 

Albanna of Humabiologics Inc. who had developed 

human alternatives to animal biomaterials. In my 

personal opinion, we need more human versions 



of biomaterials to create physiologically relevant 

3D tissues and organs. Dr Albanna is an expert in 

the field of regenerative medicine and strangely 

enough, he too experimented with merging other 

similar technologies in 2012. It was as though we 

were working on the same technologies on dif-

ferent continents but didn’t manage to meet. 

Mohammad is quite an inspirational person to meet 

and he too reminded me why I should be there to 

help start-ups build and grow. Eventually, John and 

Mohammad formed a distribution partnership in 

2021 but I see bigger things between both com-

pany’s long term.

In order to be fully scalable in the 3D biofabrication 

sector more than one technology will be needed for 

complete regenerative medicine applications. It is 

why Ourobionics is working with much more than 

the internal microfluidic, electric field, and magnetic 

field technologies through other strategic collab-

orations. One technology is not sufficient for what 

we need to achieve so more multiplexing of newer 

unreleased hardware technologies and a vision 

towards 4D bioprinting with co-founders patented 

technologies is needed for realistic applications in 

regenerative medicine. 

Why 4D Bioprinting? Well, the results of 3D Bio-

printing are static and do not recapitulate the true 

nature of tissues that are more dynamic. 4D Bio-

printing has emerged to solve these issues and 

could transform the industry. It is such a new and 

complex emerging sector that I will explore all 

aspects of the technologies in my next article. To 

get these multiplexed advanced 3D bioprinting 

and 4D biofabrication technologies into the hands 

of all researchers and developers at an affordable 

price, Ourobionics launched its Beyond Bioprint-

ing Ambassador Program In November 2021 for its 

first biofabrication platform, The Chimera. Overall, 

extrusion 3D bioprinting has dominated the market 

for the past five years. Still, the trend is picking up 

in the industry, with many researchers switching to 

advanced technologies such as melt electrowriting, 

acoustic, laser bioprinting, two-photon, and volu-

metric. At present organ on a chip technology has 

set the gold standard for high throughput 3D tissues 

and organs but in time 3D biofabrication can achieve 

the same results and reduce the need for animal 

experiments. One of the early companies to work 

on melt electrowriting is RegenHU (Prof. Paul Dalton 

was the first to publish about the invention of MEW 

technology), with more improvements made in 2020 

from Prof. Malda’s group publication on Cell Elec-

trowriting led by Dr Castilho. The paper referenced 

all of Prof. Jayasinghes work from years prior as he 

was the original co-inventor of the patent on electro-

hydrodymanic jetting of cells.

The “Cell Writing” process incorporated a heating 

component and x, y, z motions to his decades of 

work. It is now evident that what Prof. Jayasinghe 

told me years ago about 3D bioprinting needing 

electrohydrodynamic jetting technologies for cells 

was correct and we are now at a pivotal moment 

for the industry that wants to expand beyond 

extrusion-based bioprinting and create realistic 

applications. Meanwhile, Aspect Biosystems has 

stimulated many industry advances over the years 

in reducing the problems of cell deformation from 

shear stress with their novel microfluidic print head. 

Poietis have a GMP-compliant system that com-

bines extrusion, laser, and microvalve technologies, 

demonstrating the need for multiplexing of multiple 

technologies to create tissues faster.

Other light-based technologies such as two-pho-

ton lithography from Nanoscribe Gmbh (BICO) 

provide next-level capabilities for scaffold-based 

resolution but much needs to be done on bioma-

terial development to overcome cells behavior and 

important characteristics needed for tissue forma-

tion in resins that are not entirely suited for their 

natural environment. 
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Then in 2020, Xolo launched the world of volumet-

ric 3D printing with the release of their machine 

which brought superior speeds to 3D fabrication. 

The technology has many incomparable advantages 

to other photolithography technologies that will be 

important for the scaffolding component of tissue 

engineering. More work is needed to determine 

how the resins and lasers interact with cells and if it 

leads to realistic high throughput tissue formation, 

but I do believe in the technology’s potential. Xolo 

has speeds as fast as 100 µm/s and creates 3 cm 

objects in 2-4 minutes so if the biomaterial compo-

nent can become more favorable to tissue formation 

the speeds will ensure stronger tissue formation. 

In volumetric technology no support structures are 

needed, the print speed is not dependent on geom-

etry, no layering, has a higher resolution, surface 

smoothness and transparency, can use many mate-

rials. It allows for total design freedom: you can print 

objects in objects, flow-cells, lens arrays, etc.

Readily 3D (see dedicated article in this issue) has 

made some progress on a project to biofabricate 

a pancreas with Prof. Malda’s group, so progress is 

being made to test its limitations and actual realistic 

potential for cellular applications. From an indus-

try perspective, 3D Systems saw the potential of 

advanced technologies by acquiring Volumetric Inc 

after acquiring basic extrusion bioprinting company 

Allevi and BICO (Cellink) acquisition of two-photon 

lithography company Nanoscribe GmbH. Much is 

still unknown about the technology’s full potential in 

regenerative medicine or what will happen in terms 

of cellular limitations. I do believe in volumetric as it 

already has a strong use case for an important part 

of tissue engineering which is scaffolding and Prof. 

Millers’ extensive industry experience on the appli-

cation side of things. New limitations need to be 

tested to determine its full utility in realistic cellular 

regenerative medicine applications. The advan-

tages of the technologies already have enormous 

benefits for tissue engineering from a scaffolding 

perspective, but more proof is needed on the cel-

lular side. It is clear we are on the cusp of what I will 

term “Bioprinting 4.0”.

Mimix Biotherapeutics has also developed an 

advanced biofabrication technology in the form 

of sound-induced morphogenesis (SIM) biofab-

rication technology using sound waves to create 

well-defined biological patterns. The technology 

of Mimix similar to the technologies of Prof. Jayas-

inghe has published scientific support and can be 

used for micro vascularization and patient-specific 

tissues. In time, more publications and the use of 

these electric, magnetic, acoustic, two-photon, and 

volumetric technologies will prove their potential in 

the industry. This year TissueLabs also released a 

masked SLA system. I remember I first worked with 

SLA technology when FormLabs first released their 

Form 1 on Kickstarter for 2,300 € and now you can 

pick up an SLA machine on amazon for 200 €. Form-

labs were industry pioneers and the Form 1 paved 

the way for many in the 3D printing industry. It was 

perfect for me when running workshops connected 

to my lectures for the IDE masters to create organ-

on-a-chip devices or other materials for part of the 

3D biofabrication process, but cells are not entirely 

happy in the resins.

Both DLP and SLA offer an improved resolution of 

the scaffolding but due to the known cytotoxicity 

of photopolymers more advances on the biomate-

rial side for realistic applications in the industry. Dr 

Levato of Utrecht University recently led a fantastic 

paper on the advances in biomaterials for light-

based technologies with the potential for creating 

3D tissue structures. The bioresin that they co-de-

veloped opens up endless possibilities. It’s clear 

that there is some traction in the world of advanced 

technologies and the race is on to enhance the 3D 

biofabrication and regenerative medicine industry. 

We just need to focus in on the level of pub-

lished proof surrounding the technology and the 



reality of it in creating tissue structures that can be 

implanted in the body. At some point there should 

be standards surrounding minimal cellular viabil-

ity or cellular properties otherwise we will not get 

the applications originally promised within the 3D 

bioprinting space.

Animal Vs. human Vs. 
synthetic biomaterials

The next stage in the evolution of the biofabrication 

industry is happening as we speak, where research-

ers and developers now realize they need much 

more advanced affordable technologies. In parallel 

to the emergence of more advanced technolo-

gies, more affordable machines are coming onto 

the market and making them more accessible. The 

majority of the core structures of extrusion 3D bio-

printing have minimal patent protection, and now 

companies like Felix Printers, Brinter, and TissueLabs 

are allowing researchers to get more affordable 

access to entry-level 3D bioprinter machines. I am a 

fan of this movement so that anyone can gain entry-

level experience in the world of tissue engineering. 

The Brinter Core concept is one of my favorite exam-

ples of a machine with the right modular capabilities 

at the right price point for clients that want to get 

entry into biofabrication. These affordable modu-

lar bioprinting hardware solutions give researchers 

more access to the world of tissue engineering via 

3D bioprinting, which is very important for the future 

of industry growth.

There are some revolutionary non-animal derived biomaterial alternatives 
on the market today, including Biogelx’s peptide-based hydrogels.

Image: Biogelx
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Companies can no longer claim the marketing gim-

mick of being able to 3D bioprint an organ; it is an 

entry-level technology that at best, can create lim-

ited, low throughput tissue structures. It serves a 

purpose, but it’s essential to be realistic that more 

technological advancement is needed at all levels 

to achieve what is required at a clinical level for 

regenerative medicine. It was a fairytale used to pro-

mote the sale of entry-level technology machines 

in an industry that needed more time to grow with 

advanced technologies. 

In 2021 extrusion 3D bioprinting is now where it 

belongs, the perfect entry-level technology to the 

world of regenerative medicine and tissue engi-

neering. A recent, more robust report evaluates the 

market saturation of low-cost extrusion 3D bioprint-

ing technology. What is even better is that thanks 

to PureDyne it is open to any researcher with a 3D 

printer. Even at the end of this year, Carnegie Mellon 

University hosts a workshop where anyone can make 

an extrusion 3D bioprinter in 3 days and bring it 

home with them. It is a pivotal moment for change 

in the industry towards advanced and transforma-

tive technologies.

It is not just a matter of extrusion 3D bioprinting 

being relegated to entry-level technology there is a 

shift happening where animal biomaterials like colla-

gen, gelatin, gelma, and matrigel are being phased 

out for more human-like 3D models. At present, 

most 3D cell culture utilizes animal-derived materi-

als, which means that the final 3D tissue model tends 

to lack many of the physiological characteristics nec-

essary. Additionally, they can be plagued by batch to 

batch variation, lack of reproducibility, or the chemo-

kines, proteins, and other factors impacting the 

cellular behavior and limiting tissue formation. Fluid 

Form have improved what can be done with these 

biomaterials using their FRESH method but more 

needs to be done to remove the limitations of the 

animal component of the materials. The European 

Commission has launched an initiative to reduce 

and remove animal testing, so now more physio-

logically relevant human models are needed. To do 

this, we need to switch from animal-based products 

to human, plant, or synthetically derived biomateri-

als. Thankfully, researchers now have access to more 

synthetic or human forms of collagen.

Humabiologics Inc. is one example of a company 

that has even created “Humamatrix”, which is a 

human-based alternative to Matrigel with some 

great supporting scientific data. They also have a 

vast array of cost-efficient products such as human 

collagen gelatin and gelma. In my personal opinion, 

there is almost no need for animal-derived prod-

ucts with human options available to make human 

models in the lab. At the end of the day we want to 

make human 3D tissues, not animal-based tissues 

but again there are even more issues surround-

ing our use of animal-based serum in cell culture 

too. Also, on the market are some revolutionary 

non-animal derived biomaterial alternatives such 

as Manchester Biogel, Jellatech, AxolBio, BiogelX, 

denovoMatrix, Jellagen, and more.

The technologies needed to replace and improve 

the standard of animal-based products are based 

upon recombinant polymers, plant-based scaffolds, 

micro-organism-derived scaffolds, and synthetic 

polymers. These advanced synthetic and human 

biomaterials are essential for creating 3D human 

models to replace animal experiments. The benefits 

of these biomaterials include limited supply chain 

issues, a reduction in infection, ability to be tailored 

towards specific cell types and models, highly repro-

ducible, no batch to batch variation, physiologically 

relevant, and non-immunogenic. The importance 

of these non-animal derived biomaterials is that 

they can help bridge the gap between early-stage 

research and development and clinical applications 

by improving the reproducibility and standardization 

of 3D models similar to human tissue and organs.
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