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It has been a full year since we published our first Medical AM Focus eBook, and 

more has changed in the past 12 months than we could have possibly imagined. 

Soon after we published our 2020 eBook, the medical AM landscape became dom-

inated by COVID-19, and we watched (in awe) as various industry players stepped up 

to develop life-saving solutions, such as face shields, respirator adapters and nasal 

swabs, in a moment of need.

As supply chains gradually recovered from the initial impact of the pandemic, 3D 

printing gradually took on a less central role in COVID-19 efforts, but we want to 

nod to the resilience and innovative spirit of the AM community last year. It was a 

remarkable thing to witness.

In our current Medical AM eBook edition, we will once again focus on developing 

trends in the converging segments, looking at AM’s role in medical device manufac-

turing, bioprinting technologies, key medical AM players and more. Keep reading 

for perspectives on medical AM from specialty gas manufacturer Linde and Swedish 

engineering company Sandvik. A special feature will highlight some of the leading 

desktop bioprinters on the market today.

Tess Boissonneault 
Editor in Chief, 3dpbm
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A map of bioprinting 
technologies and companies
The pioneers and startups pushing bioprinting ahead
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Image: Edward Jenner

3D cell culture is an in vitro technique where cells grow 

in an artificially created environment, which resembles 

the in vivo environment. This technique stimulates cells 

to differentiate, proliferate, and migrate by interacting 

with their three-dimensional surroundings.

Cell culture products include scaffold-based plat-

forms, scaffold-free platforms, hydrogels, bioreactors, 

microchips or microphysiological systems (MPS), 3D 

bioprinting, organoids, and custom services. Scaf-

fold-based platforms are further segmented into 

macro-porous, micro-porous, nano-porous, and 

solid scaffolds.

In 3D porous scaffolds, cells grow inside the pores of 

engineered scaffolds, or into naturally derived fibrous 

material such as collagen or laminin. Commercialized 

scaffold-based products that facilitate 3D cell culture 

consist either in matrices/hydrogels that are extracted 

directly from animal tissues or secreted by cultured 

cells. Scaffolds can also be made of different pore sizes 

in polystyrene or engineered carrier beads, where cells 

grow either as a monolayer on the outside or on the 

inside pores in a more three-dimensional configuration.

Cells can also form multi-cellular structures without the 

support of a scaffold, either on their own (for exam-

ple spheroids and organoids) or using bioassembly 

technologies. Commercialized scaffold-free based 

products consist essentially in platforms that facilitate 

the formation and screening of spheroids. Spheroids 

are self-organized clusters of cells.

An organoid is a miniaturized and simplified 3D ver-

sion of an organ produced in vitro in three dimensions 

that shows realistic micro-anatomy. They are derived 

from one or a few cells from a tissue, embryonic 

stem cells, or induced pluripotent stem cells, which 

can self-organize in three-dimensional culture owing 

to their self-renewal and differentiation capabilities. 

When assembling cellular microchips (organ on a chip) 

or MPS, cells are placed inside micro-chip compart-

ments to form cellular micro-environments of higher 

structural complexity resembling organs. These can 

be also described as in vitro organ constructs. Cells can 

also be embedded in 3D gels of the extracellular matrix, 

called hydrogels, and often used with 3D bioprinting 

or electrospinning hardware. Bioreactors are hollow 

cylindrical chambers that locally control factors such as 

perfusion, temperature, humidity, and gas exchange. 

Cells are placed in scaffolds inside those bioreactors to 

facilitate 3D cell culture.

Enter 3D bioprinting

All the products described above are related to 3D 

bioprinting, which can be described as a technology 

that utilizes digital, additive manufacturing techniques 

to combine cells, growth factors, and biomaterials in 

order to fabricate biomedical parts that imitate natural 

tissue characteristics.

The idea of 3D bioprinting can be dated as far back as 

1938 when Nobel Prize winner Alexis Carrel and Charles 

Limberg published The Culture of Organs. However, 

since its conception, the field was stagnant because 

the technology simply did not exist (21). There was no 

way to culture living cells in sufficient quantities, design 

and ensure the quality of biocompatible materials, or 

meet the vascularization requirements of tissue cul-

tures. Through a combination of smarter biomaterials, 

superior designs, and the advent of the 3D bioprinter, 

many of these hurdles have now been overcome.

The emergence of 3D bioprinting technology has led to 

the development of 3D in vitro models of human cells 

or tissue for use in regenerative medicine and tissue 

engineering. Today 3D printing is used to manufacture 

precision and personalized pharmaceuticals, as well as 

medical devices, such as prosthetic limbs, orthopedic 

and dental implants, surgical instruments, and medical 

education models. ◆

With support from of Stephen G. Gray, Industry and 

Strategic Advisor to Ourobionics.
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FLUICELL: BIOPIXLAR

A relative newcomer to the bioprinting market is the 

Biopixlar system, launched by Swedish startup Flui-

cell in 2019. Biopixlar is a high-resolution bioprinting 

platform that uses a proprietary molecular cell-binding 

process and open volume microfluidics technology to 

print cells in three dimensions. The platform is capable 

of printing complex biological tissues with single-cell 

level precision without the need for any gel or matrix. 

In other words, the company says, “you can place cells 

side by side in direct contact.”

Technology

The bioprinter is equipped with disposable microflu-

idic printheads, each of which can contain up to three 

different cell types. Users can control cell deposition 

using Fluicell’s Biopixlar software as well as a game-

pad controller that creates a more tactile experience. 

The use of microfluidics, which minimizes stress to the 

cells during the printing process, makes the Biopixlar 

particularly well suited for working with stem cells and 

primary cells, like neurons, which are highly sensitive. 

Biopixlar also comes with a multicolor fluorescence 

imaging setup that enables high-resolution real-time 

monitoring of the bioprinting process.

Applications

The company developed the Biopixlar to meet a grow-

ing demand for in vitro tissue and disease models in 

medical research and drug discovery. The platform 

is compatible with almost any cell type and has, to 

date, been used to successfully produce in vitro liver 

models, skin cancer models as well as to print stem 

cells and primary neurons. The technology is also well 

suited for printing in vitro models for early-stage drug 

discovery. The bioprinter’s ability to produce high-res-

olution tissue structures in three dimensions make it a 

viable alternative to animal models in pharmaceutical 

research. Fluicell emphasizes that one of the Biopixlar’s 

key benefits compared to lower-end systems is that 

it requires only small amounts of sample material to 

print, which is often all that is available when working 

with patient material. Biopixlar is also compatible with 

most established cell culture protocols, which makes 

for seamless integration into most research workflows.

Availability

Fluicell’s bioprinting technology is geared towards bio-

logical and biomedical researchers, including academic 

researchers, research institutes and pharmaceutical and 

biotech companies. The Swedish startup—a spinout 

of Chalmer’s University of Technology—is selling the 

Biopixlar platform through direct sales and its network 

of distributors. In addition to providing its platform to 

customers, the company offers bioprinting contract 

research services, which it conducts in-house. “We have 

a strong internal R&D program, which is a very import-

ant way for us to build strong scientific partnerships with 

academic and industrial actors with the aim of devel-

oping new applications, specifically within regenerative 

medicine.” In terms of cost, the Biopixlar is located on 

the high end of the mid-to-pro market segment (which 

ranges between $10k and $20k).

REGENHU: R-GEN SERIES

Like most bioprinting companies, Switzerland-based 

REGENHU started out with a simple goal: to develop a 

technology that could transform medical applications. 

Today, over a decade since it launched its first machine, 

the company has brought to market a versatile 3D bio-

printing technology through its R-GEN series.

Technology

The R-GEN series, powered by REGENHU’s SHAPER 

software, comprises the R-GEN 100, a tabletop bio-

printing system, and the R-GEN 200, a larger platform. 

Both are based on REGENHU’s unique technology that 

Image: Fluicell

Skin and bones: notable 
bioprinters and what they can do

DEEP-DIVE

A look at some of the bioprinting market’s preeminent technologies, 
zooming in on their processes, applications and availability.

11



Technology

As evidenced in our bioprinting map, bioprinting tech-

nologies are highly diverse. With microfluidics at the 

core of the technology, the RX1 bioprinter offers a 

high degree of flexibility, enabling seamless cell and 

material patterning for the production of complex 

tissue structures. 

The RX1 bioprinter is capable of producing printed 

structures with a high degree of viability largely thanks 

to coaxial flow-focusing and on-printhead crosslinking, 

both of which minimize the stress on cells throughout 

the printing process.

Applications

The underlying microfluidic technology of the RX1 

bioprinter makes it suitable for creating complex micro-

environments that closely mimic those found in tissues 

in the human body, including vascular networks, kidney 

tubules and gastrointestinal systems. These complex 

systems depend on the RX1 bioprinter’s ability to print 

multicellular, multilayered, tubular structures. Thanks 

to these capabilities, Aspect Biosystems’ bioprinting 

technology can be used to create complex tissue struc-

tures to fuel medical research and the development of 

bioprinted therapeutics.

Swedish company Fluicell launched its Biopixlar 3D bioprinter in 2019. The high-res  
bioprinter uses a proprietary molecular cell-binding process and open volume microfluidics.
Image: Fluicell

combines many different printing capabilities into a 

single machine. “Our system offers technology con-

vergence: the possibility to combine up to five different 

printing technologies in a single process, including 

pneumatic and volumetric dispensing, drop dispens-

ing, melt extrusion and electrospinning and writing 

technologies,” the company says.

Applications

These various capabilities also mean the R-GEN series 

is compatible with a wide range of materials—from 

thermoplastic polymers, to conductive inks, to bio-

active and cellularized hydrogels—and applications. 

Among the R-GEN bioprinter’s core applications are 

tissue engineering and regenerative medicine, includ-

ing hard tissues (bone, cartilage) and soft tissues (skin); 

tissue model development and fabrication, which com-

prises in vitro testing systems for drug discovery and 

development; and personalized medicine, which con-

sists of printing medicine with personalized dosages 

and controlled release profiles, as well as point-of-

care fabrication.

Availability 

REGENHU’s 3D printers are today used by research 

groups across the globe, in public and private sectors. 

“Bioprinting is a novel technology and in some aspects 

still in its infancy. For these reasons, there are still some 

obstacles and limitations to its use in current clinical 

practice or industrial production. Though the majority 

of our partners are still in a research phase, we work with 

them to develop biofabrication systems for their future, 

and already have successful examples of companies 

using the solutions we provide to fabricate materials 

for clinical applications.”

The company has a global footprint, with its European 

headquarters in Switzerland, North American offices in 

Minneapolis and distribution partners in Asia, Australia 

and New Zealand. It is through these channels—as well 

as through its scientific application experts teams—that 

it distributes its versatile bioprinting platform. “We are 

of course also open to providing access to our technol-

ogy through strategic partnerships,” REGENHU adds. 

“We do have regular collaborations in order to improve 

our technology development or to progress specific 

applications of interest, for example within European 

consortiums.” One of the projects that REGENHU is a 

part of is the recently funded FLAMIN-GO, a European 

H2020 project. The aim of this project is to create syno-

via-on-a-chip models using multi-material bioprinting 

to develop personalized treatments for patients with 

rheumatoid arthritis. 

ASPECT BIOSYSTEMS: RX1

Canadian biotech company Aspect Biosystems has 

combined microfluidics and 3D bioprinting to become 

the only company offering an extrusion-based micro-

fluidic 3D bioprinting platform. Today, the company’s 

bioprinting solution consists of many pieces, including 

its RX1 bioprinter hardware, microfluidic printheads, 

customizable biomaterials and Aspect Studio software. 

Image: REGENHU
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DOMOTEK: DOMOBIO

Spanish 3D printing company Domotek has developed 

a proprietary bioprinting process which it has brought 

to market in the domoBIO printer. The platform consists 

of a modular, multi-tool bioprinter, which can be cus-

tomized by the user depending on their needs.

Technology

The domoBIO platform is currently available in two 

versions: domoBIO 2A and domoBIO 4A, which come 

with two and four print heads, respectively. These prin-

theads, along with the build platform and adaptors, can 

be easily changed for a range of different applications. 

For instance, users can integrate and combine various 

biofabrication and printing techniques, including elec-

trospinning, syringes, filament deposition and pellet 

extrusion. This versatility is enabled by the printer’s 

IDEX head system, which enables each print head to 

move independently.

“At the moment, we have three syringe extruders avail-

able (syringe extruder, heated syringe extruder and 

sol-electrospinning extruder) and two thermoplastic 

extruders (filament and pellet). Depending on the ther-

mic requirements, we also offer two different platforms: 

refrigerated/heated platform and high performance 

heated platform.” The printer is powered by Domotek’s 

dedicated software, which controls and monitors the 

printer. The printer can also be connected via Ether-

net, allowing any local network computer to monitor 

the print progress. 

Applications

According to the Spanish company, the domoBIO plat-

form is appropriate for many different applications, 

including tissue engineering, drug development, mate-

rial research and biosensor development. The printer’s 

versatility—owed to its swappable printheads—allows 

users to produce complex 3D structures that can be 

integrated with live cells and tissues in a controlled set-

ting. As a consequence, the bioprinter has a broad user 

base. “Our technology is intended for any end user that 

needs to use biofabrication and 3D cell cultures for their 

research, services or products,” the company says. “The 

most common adopters are researchers, pharmaceuti-

cal companies and educational institutions.”

Availability

The domoBIO is a mid-range bioprinter—with a price 

point between $15K and $20K. The modular platform 

varies in cost depending on the chosen capabilities. The 

company tells us: “we strongly believe that domoBIO 

is one of the most cost-effective multi-purpose hybrid 

technologies on the market, since its versatility in tools, 

platforms and technologies help to solve a wide variety 

of complex issues with a single machine.” The domoBIO 

printers are available as a complete solution (hardware 

and software) via Domotek. The company also offers 

bioprinting services.

Availability

Aspect Biosystems works closely with many of its cus-

tomers and collaborates to accelerate the development 

and clinical viability of 3D bioprinted tissues. The com-

pany also has a global community of researchers—the 

Discovery Ecosystem—where members can connect 

with each other and Aspect Biosystems scientists to 

exchange ideas and knowledge to advance tissue engi-

neering and regenerative medicine.

Aspect Biosystems developed the RX1 bioprinter for 

use by researchers and clinicians, especially those 

focused on developing 3D tissue models and bio-

printed therapeutics. But the company is not only a 

technology manufacturer: it also operates in-house 

therapeutic programs, including a program focused on 

the creation of a bioprinted implant for the treatment 

of type 1 diabetes.

Image: Domotek Bio

The RX1 bioprinter is suitable for creating complex micro-
environments that closely mimic those found in human tissues.
Image: Aspect Biosystems
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REGEMAT 3D: BIO V1

REGEMAT 3D is a Spanish bioprinting company that 

develops customized bioprinting solutions. Today, 

its printers are being used by researchers in over 

25 countries, supporting a myriad of biomedical 

research projects.

Technology

REGEMAT 3D’s bioprinting platforms, the Bio V1 and 

the Reg4Life system, are based on a mechanical extru-

sion technology that enables precision deposition of 

materials. The desktop bioprinting technology allows 

users to closely control factors like flow speed (with 

values as low as 0.5 mm/s), which helps promote opti-

mal cell viability. Notably, REGEMAT 3D’s bioprinting 

platforms are customizable. Customers communicate 

to the company what type of project the bioprinter is 

needed for, and its engineers will tailor the machine 

accordingly, with different types of syringe modules 

and extrusion heads.

“We understand that although our systems are highly 

robust and reliable for bioprinting, there is not a generic 

bioprinter for all types of application, thus the custom-

ization of the equipment is key to advance the fields 

of tissue engineering, biomaterials development and 

regenerative medicine,” the company explains.

Applications

Because of the Bio V1 and Reg4Life’s customizabil-

ity, the bioprinters are suitable for a broad number of 

applications. For instance, REGEMAT 3D’s bioprinting 

REGEMAT 3D’s bioprinting platforms are based on a mechanical 
extrusion technology that allow for close control.
Image: Regemat 3D

ALLEVI

Philadelphia-based Allevi has developed a bioprinting 

technology that is today used in 350 laboratories across 

40 countries. The company’s portfolio consists of three 

bioprinter models, the Allevi 1, Allevi 2 and Allevi 3, as 

well as bioinks and software.

Technology

All three of Allevi’s bioprinting platforms are based 

on an extrusion-based technology, which deposits 

materials layer by layer using a variety of syringes. The 

bioprinters are capable of multiple extrusion bioprint-

ing functions, including photocrosslinking, thermal 

crosslinking and enzymatic crosslinking. “We are par-

ticularly proud of blue light crosslinking we invented 

that doesn’t harm cells when using blue light versus 

UV,” the company tells us.

Applications

Allevi’s bioprinting systems are versatile—each has its 

own strengths—and are used by many research labs 

to different ends. The company says the technology 

is ideal for printing and patterning cells with hydro-

gels in the micron range, a capability that is especially 

well suited for thicker hydrogels like GelMa, Collagen 

and Matrigel. Allevi adds: “Geometry control over 

hydrogels and cells is the foundation for all bioprinting 

applications.” Recently, Allevi’s bioprinting technology 

was employed by the Wistar Institute at the University 

of Pennsylvania to advance COVID-19 research. The 

bioprinting platform was used to 3D print lung models 

to study the effects of SARS-CoV-2. 

Availability

As stated, Allevi’s bioprinters are already in use around 

the world. This level of adoption has been facilitated by 

the company’s global distribution network as well as its 

direct sales channel. “We currently have hundreds of 

customers in over forty countries who have published 

over a hundred peer reviewed publications.” As desk-

top systems, the Allevi bioprinters are priced within the 

range of $20,000 and $40,000, making them cost effec-

tive (relative to performance) for end users, including 

biomaterial scientists, tissue engineers and biologists.

“Geometry control over hydrogels 
and cells is the foundation for all 

bioprinting applications.”

Image: Allevi

17



technology has been validated for projects including 

cartilage regeneration, skin bioprinting, cardiac tissue 

modeling for drug screening and bioprinting organoids 

of different types of tumor. “We have collaborators 

working in a wide variety of areas including regenera-

tive medicine, biomaterials development, drug testing 

and tissue engineering.” The company envisions its 

bioprinting technology—as well as bioprinting gener-

ally—as the future of cell culturing and various clinical 

applications. Crucially, bioprinting can reduce the reli-

ance on animal testing in pre-clinical trials. 

Availability

REGEMAT 3D has based its business strategy on a 

highly collaborative approach, seeking to work closely 

with end users to tailor its equipment and to offer sup-

port throughout the research process. “In this sense, 

we are building a global network of research labs and 

institutions, which have integrated our bioprinters in 

their research projects and with whom we validate our 

technology.” REGEMAT 3D also partners with other 

companies and high-profile research centers with the 

aim of joining resources. For instance, the company 

has partnered with biomaterial developers, including 

Biogelx and Xpect-INX. 

Part of the company’s mission is to keep bioprinting as 

accessible as possible. “We provide the possibility of 

acquiring one of our bioprinters with a general config-

uration for an affordable price to support laboratories.” 

In other words, the company’s customizable platforms 

range in price depending on the equipment. REGEMAT 

3D also provides support to research labs in writing and 

preparing grant proposals, which help to ensure the 

funds for the project. ◆

REGEMAT 3D’s technology has been validated for cartilage 
regeneration, skin bioprinting, cardiac tissue modeling and more.
Image:  Regemat 3D
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Once thought destined only for prototyping, additive 

manufacturing is now increasingly employed in the 

development of spare parts, small series production 

and tooling in forward-thinking manufacturing indus-

tries such as aerospace, electronics, automotive and 

medical. Among industries at the forefront of innova-

tive manufacturing, the medical sector has emerged as 

a major segment driving the growth of additive manu-

facturing: France’s 3D MedLab operates at the forefront 

of this segment.

By fusing together metal powders layer by layer, using 

a number of different laser-based techniques, additive 

manufacturing can build complex components that 

would typically be very challenging—if not impossi-

ble—with more traditional subtractive manufacturing 

methods. The advantages of additive manufacturing 

include greater design freedom and customization, 

improved product strength and functionality, reduced 

assembly time for complex components, localized pro-

duction, rapid time to market, mitigation of wastage, 

reduced obsolescence, decreased reliance on tradi-

tional suppliers and even the creation of new materials 

with unique mechanical and behavioral properties.

A diverse manufacturing landscape

The additive manufacturing technology landscape for 

the production of medical devices is a diverse one, with 

various technologies developed to meet different pro-

duction requirements, including materials used, surface 

finish and cost. What remains constant is the need for 

high-quality atmospheric gases and the pioneering 

technologies enabling their application to optimize 

both the process and resultant product.

Inert gas, typically argon or nitrogen is central to the 

function of metal additive manufacturing as well as 

peripheral processes, including pre-and post-produc-

tion activities, and is the media most often used for 

quenching during the vacuum heat-treating process.

Some of the key additive manufacturing processes 

include laser powder-bed fusion (LPBF), whereby a 

laser source is applied selectively to a powder bed, 

which gradually indexes down as each layer is com-

pleted and new powder is spread over the build area; 

laser directed energy deposition (L-DED), which uses a 

high-power laser beam, connected to a robot or gantry 

system to form a melt pool on a metallic substrate into 

which powder or metal wire is fed; and binder jetting, in 

which a liquid binding agent is selectively deposited to 

join powder particles and is applied in alternate layers 

with the material to be bonded.

Personalization, a game-changer

The use of additive manufacturing in the development 

of medical devices is unlocking extraordinary possibili-

ties in terms of customizing implants, prosthetics, tools 

and other devices to the specific dimensions and needs 

of the patient. It not only represents a technological 

leap to improve medical care but also has the poten-

tial to significantly reduce healthcare costs. The time 

patients need to spend under postoperative physician 

care can be reduced as well as the need for corrective 

or additional surgeries. Additionally, the change from 

mass manufacturing to “on-demand” manufacturing 

is likely to result in reduced consumption of resources 

such as raw materials and energy. And with the knowl-

edge gained from its use in rapid prototyping, additive 

manufacturing can offer considerably reduced product 

development time.

In contrast to the one-size-fits-all approach which has 

generally been the standard procedure until recently, 

AM can produce components based on highly individ-

ual and complex lattice structures more efficiently than 

by traditional subtractive machining. Such multifaceted 

components aim to mimic human body parts which can 

better assimilate into the patient’s own bone and tissue 

structure, leading to fewer rejections and quicker heal-

ing times. It can also create quite specific and distinctive 

surface finishes which can enhance the success rates of 

surgical procedures.

Image: Linde

Medical devices: building the 
manufacturing future at 3D MedLab

SPOTLIGHT

By Pierre Forêt, Head of Additive Manufacturing at Linde
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achieved. It requires not only a large supply of inert 

gases such as argon and nitrogen but the gas molecule 

expertise to help manufacturers fine-tune the atomiza-

tion process to further improve powder characteristics, 

eliminate rejects—and to do so cost-effectively.

Once the metal powders have been produced, it is 

essential to maintain the correct atmosphere during 

their storage in order to avoid humidity. The quality of 

metal powder has a fundamental impact on the micro-

structure and physical properties of the printed item, 

so they must be of a defined and consistent quality, 

meaning that correct storage and handling is vital. 

Humidity will age the powder, reduce its flowability 

and will increase the amount of oxygen during printing.

Metal powders are typically stored in containers 

or closed cabinets in the vicinity of the printer until 

needed. However, with each opening of the vessel 

ambient air and humidity is allowed to enter, affecting 

the chemical and physical characteristics of the powder 

and causing it to age. When stored in cabinets, the 

powder can react with the atmosphere within the cabi-

net itself. Even if the cabinet is purged, ambient air and 

humidity flow in each time the doors are opened result-

ing in contamination and degradation.

Linde has developed an innovative solution to resolving 

this storage challenge: the ADDvance® powder cabinet. 

Linde’s ADDvance O2 precision provides continuous analysis of the gas 
atmosphere, precisively detecting O2 levels without cross-sensitivity.
Image: Linde

Additive manufacturing of customized devices has 

undoubtedly benefited from recent advances in mate-

rials development—including some innovative metallic 

alloys—which can improve durability and tribological 

properties (that is, the interaction between surfaces 

when in motion) of implants such as joint replacements.

A far-reaching value chain

As the production of medical devices via additive manu-

facturing concerns patient treatment, the process relies 

on an extensive and complex value chain, each part 

overseeing crucial aspects of development. Implants 

need to be designed specifically to a patient’s magnetic 

resonance imaging (MRI) or computed tomography 

(CT) scans, and thus require medical experts to under-

take initial investigative procedures, body imaging and 

patient consultation. The design of a virtual model must 

then be created using software and 3D scanners by spe-

cialist CAD designers. Once designs are approved by 

the surgeon, actual manufacturing can begin.

Various additive manufacturing technologies—ranging 

from laser powder-bed fusion (L-PBF) and laser directed 

energy deposition (L-DED) to binder jetting—are used 

to build the desired component layer by layer, with the 

device undergoing a number of quality control pro-

cesses— including post-printing cleaning, validation, 

testing and verification—before they are sterilized, 

packaged and delivered to hospitals, orthopedic clin-

ics and rehabilitation centers.

The vital role of gases

Atmospheric gases play a fundamental role across each 

stage of the additive manufacturing process—from 

metal powder production and storage to enhance the 

printing process and post-printing cleaning.

The mechanical properties of a finished product are 

not only highly dependent upon the printing process 

itself, but the characteristics of the powder used in the 

process. The quality of metal powders used in additive 

manufacturing is critically important as it can impact on 

the physical properties of the finished product, includ-

ing tensile strength, brittleness, impact resistance, 

heat tolerance and resistance to corrosion. Powder 

quality also plays a vital part in consistency and pro-

duction repeatability.

High sphericity of the metal particles is needed so that 

the metal powder flows smoothly and evenly inside the 

printer. High powder layer density is also required to 

produce dense parts with high scan velocities, result-

ing in high productivity. The density of a powder layer 

is particularly dependent on particle shape and size, 

as well as size distribution. Particle shape influences 

porosity because the greater a deviation from a spher-

ical shape the lower the density—and therefore more 

porosity. Additionally, a spherical shape also offers 

better flow properties during recoating. Gas atomiza-

tion is the most effective approach to metal powder 

production due to the superior geometrical properties 

“Multifaceted components aim to 
mimic human body parts which can 
better assimilate into the patient’s 
own bone and tissue structure.”
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detecting oxygen levels with high precision without 

cross-sensitivity. Recognizing O2 concentrations as low 

as 10 parts per million (ppm), the unit automatically ini-

tiates a purging process to maintain the atmosphere 

as pure as needed. The technology is already in use at 

medical device manufacturing companies at the van-

guard of AM, including 3D Medlab in France.

A case in point

Linde and 3D Medlab have recently undertaken a 

first-of-its-kind pioneering research project into how 

atmospheric conditions in the print chamber can be 

optimized to produce complex latticed structures for 

medical devices. The joint project represents a mile-

stone in the field of orthopedic device development 

and is focused on the use of the titanium alloy Ti-6AI-4V.

The atmospheric trials involve a new helium/argon gas 

mixture created especially by Linde for the project to 

make the process smoother and cleaner, along with 

the use of Linde’s ADDvance O2 precision. Along with 

the new gas mixture, ADDvance O2 precision will give 

3D Medlab precise, granular control over the oxygen 

concentration and humidity levels in the print chamber.

During any additive manufacturing printing process, 

blast powder residue or unfused powder can build up 

on the part being printed. Removing particles from 

holes, cavities and latticed structures can represent a 

particular challenge in the case of small, elaborate parts 

and components with complex geometries, especially 

as melting metal residue requires potentially damaging 

high temperatures. Depending on the application in 

question, a number of different surface finishing treat-

ments can be applied to remove or reduce the surface 

roughness of additive manufacturing parts including 

barrel finishing, abrasive flow machining, plasma pol-

ishing, micromachining and electrochemical polishing.

Linde has developed a solution for more controllable, 

gentler cleaning—particularly important for medi-

cal-grade implants and devices. ADDvance Cryoclean 

technology creates dry ice particles, or “snow”, by 

expanding liquid carbon dioxide (CO2) and using com-

pressed air to accelerate the particles up to sonic speed, 

shooting them onto the surface to be cleaned. The 

cleaning effect relies on flash cooling, kinetic energy, 

embrittlement and gas impact. If needed, a further 

abrasive agent can be added to the dry ice particles to 

remove more stubborn powder residue.

What the future holds

Greater life expectancy along with an aging popu-

lation globally is likely to drive significant growth for 

bespoke medical devices, particularly as governments 

and healthcare bodies find themselves under pressure 

to meet mounting costs. Reduced patient stays in hos-

pitals and better overall outcomes continue to rise up 

the healthcare agenda.

While reduced costs and recovery times have been key 

drivers, it is the possibility of personalization that has 

primarily championed the use of additive manufactur-

ing for implants and medical devices. In addition to 

overall better assimilation to a patient’s body, the future 

will see several upcoming, cutting-edge technologies 

being integrated into additive manufacturing devel-

oped parts, including embedded sensors to enable 

remote medical examinations of patients, as well as 

highly customized aesthetic characteristics such as 

matching skin colors and even body art. Additionally, 

additive manufacturing technologies are allowing the 

embedment of innovative stretching and expansion of 

medical devices, which could have significant benefits 

for children and younger adults.

Further development is likely to be in the growth of 

in-house “point-of-care” AM where healthcare facili-

ties will have the capacity to print implants and devices 

in-situ. However, these opportunities will rely heavily 

on what is the often unseen but vitally important role of 

atmospheric gases in the development of the raw mate-

rials, storage, the core printing process and finishing. ◆

The powder cabinet works with moisture control and 

monitoring unit to continuously measure humidity 

levels, triggering a high-volume purge gas flow as soon 

as the doors are closed to rapidly remove moisture in 

the air. It then applies a lower stream of gas to ensure a 

consistently low level of humidity, ensuring the quality 

of the valuable, sensitive metal powders is retained.

The essential element

Beyond metal powder and storage optimization, atmo-

spheric gases play an even more important role in the 

core printing process. While additive manufacturing can 

optimize the production of medical devices, ensuring 

high-quality repeatability of the process and requiring 

less post-print finishing, the atmosphere in the printing 

chamber needs to be optimal and reproducible.

Although the atmosphere in the chamber is purged with 

high-purity inert gases such as argon and nitrogen to 

rid it of oxygen, impurities can still remain present due 

to incomplete purging, via loose connections or even 

within the metal powder itself. Even extremely small 

variations in oxygen content can impair the mechanical 

or chemical properties of metals sensitive to oxygen—

such as titanium and aluminum alloys—and can affect 

the composition of the end product, resulting in neg-

ative physical characteristics such as discoloration and 

even poor fatigue resistance.

Linde has dedicated the past few years to developing 

pioneering technology to overcome these atmospheric 

impurities in order to give manufacturers optimal print-

ing conditions. The result, ADDvance O2 precision, 

provides continuous analysis of the gas atmosphere, 

A complex, multifaceted spinal cage 3D 
printed by 3D Medlab in Ti-6AI-4V.
Image: 3D Medlab
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3D printing and titanium powder: 
A life-changing combination
Where material benefits and custom design come together

SPOTLIGHT

Image: Sandvik AB

The advancements of modern-day technology within 

the medical field are fascinating in many ways. Still, 

the lack of individualization and on-demand availabil-

ity has meant some serious side-effects for patients in 

need of implants, prostheses or other medical devices. 

Luckily, through the combination of one the world’s 

most adaptive and revolutionary manufacturing tech-

nologies with the metal of the future, titanium, that’s all 

about to change.

Life-threatening accidents, vertebral damage, chronic 

osteopathic conditions and side-effects from medi-

cal treatment can all cause irreparable damage to 

patients. The consequences can be painful, debilitat-

ing and even fatal.

Medical implant technology has developed vastly 

over the years, and one of manufacturing’s most dis-

ruptive technologies is set to transform the way we 

treat patients. Medical implant developers require a 

manufacturing technology that delivers speed, indi-

vidualization and the ability to produce tailor-made 

and complex designs. 3D printing, paired with mate-

rials like titanium, is demonstrating its potential as the 

medical industry’s manufacturing technology of choice 

for life-changing solutions.

“Titanium has excellent properties and is one of few 

metals accepted by the human body, while 3D print-

ing can rapidly deliver results for an industry where 

acting quickly could be the difference between life and 

death,” says Harald Kissel, R&D Manager at Sandvik 

Additive Manufacturing.

Sandvik has leading capabilities across the entire addi-

tive manufacturing value chain and offers the widest 

alloy program on the market for 3D printing. The com-

pany has recently inaugurated one of the world’s most 

cutting-edge titanium powder plants in Sweden. Within 

the walls of the highly automated plant, Osprey titanium 

powders are produced, certified for use in the most 

advanced medical applications.

In addition to titanium’s material benefits, additive man-

ufacturing can help overcome some of the challenges 

when producing medical implants and prosthetics. Typ-

ically, the process of being fit for a prosthesis involves 

several visits to create a device that fits a patient and 

their needs. As a result, the time between a patient’s 

life-changing surgery and them receiving their device 

can be very slow.

“If a patient undergoes a serious accident, one that 

destroys areas such as the skull or spine beyond repair, 

they simply do not have time to spare to ensure their 

reconstructive devices fit correctly. Instead, they’re 

given solutions that work, but aren’t tailor-made exactly 

to their bodies,” Harald Kissel explains.

Using computer tomography, it is now possible to make 

the medical device directly from an individual’s anatom-

ical data. These kinds of customized designs cannot be 

produced using manufacturing methods other than 

additive manufacturing. Patients receive a perfectly 

matching device, in less time, 3D printed in a high-per-

forming, lightweight material.

“Long waiting times and a lack of customization can 

really impact how a patient feels after they’ve under-

gone a life-changing event or procedure. Even in 2020, 

there are still prosthetic patients using devices that do 

not move, or are simply just hooks.”

Another innovator within the medical sector is OssD-

sign, a medtech company dedicated to creating cranial 

implants for improved healing of bone defects. They 

provide neurosurgeons and reconstructive plastic sur-

geons around the world with an expanding range of 

innovative implant solutions, in part made from a 3D 

printed titanium mesh, for improved patient outcomes.

“Being able to combine additive manufacturing of a 

reinforcing structure with our own proprietary ceramic 

material is really what defines OssDsign, and has allowed 

us to evolve into the world’s premiere manufacturer 
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The World Health Organization estimates that 30 mil-

lion people need prosthetic and orthotic devices.

The cost and complexity of machining from titanium 

billets has historically restricted its use to high-value, 

low volume industries. Now, with additive manufactur-

ing, it is much easier to produce custom complex parts 

for spine implants, skull plates, hip joints, and pros-

thetics that are tailored to fit individual patients. Being 

able to rapidly produce these parts from anatomical 

data enhances the healing process and improves the 

prognosis for the patient.

In August 2020, Sandvik’s powder plant in Sandviken, 

Sweden received ISO 13485:2016 quality certification 

for the production of Osprey® titanium powder for use 

in medical applications.

Image: Swiss m4m Center
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of tailor-made cranial implants,” says Kajsa Björklund, 

Director Technical Operations at OssDsign. “Titanium, 

with its proven biocompatibility, is a natural choice of 

material for a medical application such as ours, and 

additive manufacturing makes it possible for us to 

design and manufacture unique implants for each and 

every patient in need of a cranial reconstruction.”

Sandvik is also part of a ground-breaking research 

project within the medical segment, contributing its 

extensive material expertise. The Swiss M4M Center 

in Switzerland is a public-private partnership initiated 

by the Swiss government, aiming to evolve medical 3D 

printing to a level where patient-specific, innovative 

implants can be developed and manufactured quickly, 

with high quality and cost efficiency.

“The Swiss M4M Center is intended to build up and cer-

tify a complete end-to-end production line for medical 

applications, like implants. Being able to facilitate this 

initiative through the unique material knowledge that 

is found within Sandvik is an empowering experience. 

Joining forces with an array of experts, to reinvent the 

future of medical devices as well as the lives of thou-

sands of people, is an experience out of the ordinary,” 

Harald Kissel concludes. ◆

Titanium 3D printed implants for use when additional 
support for fixation of a hip prothesis is needed.
Image:  Swiss m4m Center
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Stryker
As one of the world’s leading medical technology com-

panies, Stryker offers innovative products and services 

in orthopedics, medical-surgical and neurotechnolo-

gy-spine. An early investor in Concept Laser and Arcam 

(both now GE Additive), Stryker has been using AM 

since 2001 to address design complexity. Its Tritanium 

Technology system, which allows for the creation of 

porous structures designed to mimic cancellous bone, 

is used in dozens of models for spine, joint and hip 

replacement implants. Stryker acquired spinal special-

ist K2M in late 2018 and in 2019 invested $200 million 

in a research facility in Cork, Ireland. In November 2020, 

the company also acquired Wright Medical, a global 

medical device company focused on extremities and 

biologics, including 3D printed ankle replacements.

Zenith Tecnica
While not exclusively dedicated to medical AM pro-

duction, Zenith Tecnica, based on the North Shore of 

Auckland, New Zealand has developed a reputation 

for disruptive and innovative thinking in metal AM. 

The firm is ISO 13485 and AS9100 certified, and has 

completed IQ, OQ & PQ for medical implant manufac-

ture on its existing Q10plus machine. Founded in 2014 

Zenith has just overseen the installation of their fourth 

and fifth GE Additive Arcam EBM machines—two addi-

tional Q10plus systems. That makes five Arcam EBM 

machines in five years, comprising three Q10plus and 

two Q20plus systems.

Johnson & Johnson
The medical and pharmaceutical giant has a big foot-

hold in medical AM. J&J subsidiary DePuy Synthes is 

the primary distributor and designer of all implant tech-

nologies supported by additive manufacturing at the 

company, focusing on the titanium additive orthope-

dics market. Back in 2018, J&J acquired German spinal 

implant company Emerging Implant Technologies and 

partnered with 3D printing bureau Materialise to market 

and distribute patient-specific 3D printed implants. 

J&J’s 2017 acquisition of Tissue Regeneration Systems 

gave the corporation a stake in the rapidly developing 

bioprinting market.

Lima Corporate 
One of the originators of orthopedic additive manufac-

turing and one of the first users of Arcam’s EBM powder 

bed fusion technology, Lima Corporate markets a vari-

ety of metal devices for hip, knee and shoulder joint 

replacement. In 2019, the company launched a new 

Research & Innovation Center and an Advanced Lab-

oratory for Testing and Analysis at its headquarters in 

Udine, Italy. It also opened the ProMade PoC Center 

for Complex Orthopedic Solutions at HSS in New York 

City, where it recently installed the first EOS printers. 

Image: Oxford Performance Materials

A look at the key players 
in medical 3D printing
The medical AM landscape is populated by 
large OEMs, smaller startups and more

MAPPING

Image: GE Additive

Image: Zenith Tecnica
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Lincotek
Headquartered in Rubbiano, Italy, Lincotek is a global 

contract manufacturer for markets including industrial 

gas turbine, aviation and medical. The company is a 

global leader in the additive contract manufacturing 

of medical devices and recently launched its Lincotek 

Additive division. The company has two AM innovation 

centers, and its Italian facility is focused on medical 

devices such as 3D printed hip joint implants and inter-

vertebral fusion devices. At the beginning of 2021, it 

installed additional EOS M400-4 systems at its Additive 

Production Center.

Osseus Fusion Systems
The Dallas-based medical device company focuses on 

developing advanced technology products for mini-

mally invasive spine surgery. Using AM, Osseus creates 

modern, inventive devices that help solve anatomic 

challenges and push patient outcome boundaries and 

in 2018 received FDA clearance for its Aries 3D printed 

spinal implants. The company uses SLA for prototyp-

ing and DMLS for its end-use steel instruments and 

titanium implants, specializing in high-porosity printed 

implants that improve fusion rates.

GE Healthcare
The medical technology subsidiary of General Electric. 

It is involved in areas such as medical imaging, diagnos-

tics and patient monitoring, and works in specialized 

disease areas including neurology, coronary disease 

and cancer. GE Healthcare is one of six GE businesses 

today using additive applications, as the corporation 

seeks to grow its new additive business to $1 billion 

by 2020. In 2019, GE Healthcare opened its first 3D 

printing lab, in Uppsala, Sweden, where it combines 3D 

printing and robotics to shorten product launch cycles.

Medtronic
In 2019, medical device company Medtronic, headquar-

tered in Ireland but operating largely in the US, launched 

TiONIC Technology, a platform for the additive manu-

facturing of complex titanium spinal implants that uses 

a differentiated laser method to create dynamic surface 

structures. The 3D printed implants—which include 

the ARTiC-LTM spinal system— incorporate a honey-

comb structure to encourage osseointegration of the 

surrounding bone. In late 2020, Medtronic completed 

the acquisition of France-based Medicrea, a spinal sur-

gery firm specializing in artificial intelligence, predictive 

modeling and patient specific implants. The company 

registered just under $29 billion in revenue in 2020, 

down from just over $30 billion the previous year.

Zimmer Biomet & OPM
The result of a 2015 merger between orthopedic lead-

ers Zimmer and Biomet, the company uses its OsseoTi 

Porous Metal Technology to print titanium structures 

that directly mimic the architecture of human cancellous 

bone. The technology uses an SLM 3D printing platform 

fed with patient CT data. Zimmer Biomet also distrib-

utes Oxford Performance Materials’ (OPM) 3D printed 

PEKK craniomaxillofacial implants worldwide. OPM’s 

OsteoFab technology uses an SLS printing platform 

to fabricate implants made from OXPEKK-IG (PEKK or 

polyetherketoneketone), a biocompatible material with 

bone-like properties.

OssDsign
The Swedish cranioplasty specialist uses a tailor-made 

technology platform to develop and fabricate regener-

ative products for cranial and facial repair, using AM to 

create patient-specific implants based on radiographic 

data. Its products, which consist of a printed titanium 

skeleton and calcium phosphate “tiles,” include cranial 

implants for the repair of cranial defects and Cranio-

Plug “covers,” designed to plug holes drilled into the 

skull during surgery. The partially 3D printed structures 

are designed to integrate with the surrounding bone 

and feature a mosaic tile design that allows for tissue 

ingrowth and vascularization.

OssDsign specializes in developing and fabricating  
regenerative products for cranial and facial repair.
Image: OssDsign

Image: Zimmer Biomet
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FabRx
The pharmaceutical biotech company based in London, 

UK has developed pharmaceutical 3D printers and 3D 

printed tablets. Established in 2014 by leading aca-

demics from University College London, the company 

has developed a pharmaceutical 3D printing platform 

that can fabricate printlets: swallowable tablets capa-

ble of containing multiple drugs with precise dosages, 

controlled release times and a user-defined shape, size, 

flavor and color. The technology is based on direct 

powder extrusion, enabling the production of drug 

products directly from powdered materials in a sin-

gle-step process. In April 2020, the company launched 

M3DIMAKER, the first pharmaceutical 3D printer devel-

oped for the production of customized medicine.

AK Medical
Based in Beijing, AK Medical is a medical device com-

pany that has commercialized the application of AM 

technology in orthopedic joint and spine replacement 

implants in mainland China, rising to a leading posi-

tion in the Chinese orthopedic joint implant market. 

The company specializes in three types of products, 

including 3D printed hip replacement implants, 3D 

printed spinal interbody cages and 3D printed arti-

ficial vertebral bodies, all approved by the CFDA. It 

primarily uses EBM technology for its implants and has 

around 650 distributors for its 3D printed products, 

spanning all of China.

Lazarus 3D
The Texas-based medical device specialist uses 3D 

printing to make medical models that can be cut and 

sutured just like real organs. The company has its own 

patented printing technology called PRE-SURE (PRe-op-

erative SUrgical REhearsal), which it uses to fabricate 

lifelike models from soft silicones or hydrogels. These 

models look and behave like human tissue, helping 

surgeons and junior doctors prepare for the real thing. 

Using DICOM data, Lazarus can create patient-specific 

models prior to high-risk surgeries.

MT Ortho
Based in Italy, MT Ortho srl is a medical device company 

using additive manufacturing to create a range of cus-

tom-made titanium implants that can be fabricated and 

delivered in very short timeframes. MT Ortho creates 

medical devices and treatment solutions for public and 

private hospitals, dividing its products into five distinct 

categories: prosthetic, spinal, traumatological,  bio-

logical and arthroscopic. Its titanium products, which 

promote bone in-growth and fast patient recovery, are 

made using EBM technology. ◆
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