
Medical AM
3D printing a better life: from dental 
to regenerative medicine

February 2023



About

VoxelMatters (formerly 3dpbm) is a leading media company providing insights, 

market analysis and B2B marketing services to the AM industry. VoxelMatters 

publishes VoxelMatters News, a global editorial website that is a trusted and 

influential resource for professional additive manufacturing.

Contact

info@voxelmatters.com

www.voxelmatters.com

Cover image: © LAIKA

Other image credits on Page 60

© 2023 VoxelMatters. All Rights Reserved.



Welcome

The medical sector is driven by innovation and a mission to improve patient care. Given that, it 

makes perfect sense that it has been an enthusiastic adopter of additive manufacturing tech-

nologies for many years, leveraging AM’s unique capabilities to develop new medical products 

and solutions, from dental all the way to regenerative medicine.

Dental aligners, surgical guides, custom implants—these are just some of the widespread appli-

cations for 3D printing in the medical world. In this eBook, we are zooming in on cutting-edge 

medical applications and the technologies and people that are empowering them. In the follow-

ing pages, the Voxel Matters (formerly 3dpbm) team is excited to present an in-depth overview 

of the polymer material market for dental AM, and an exclusive interview with uLab Systems’ 

Chief Automation and Manufacturing Officer, Tracy Bailey, about the company’s use of HP 3D 

printing and automated post-processing for the production of dental aligner molds.

This eBook also features a fascinating interview with researcher Nicholas Jacobson and Techni-

cal Supervisor at LAIKA Rob Ducey about how Voxel Printing is creating an intersection between 

surgical modeling and entertainment applications, as well as a look at how 3D printing is being 

used on the front lines in Ukraine to produce patient specific implants (PSIs). From there, you 

don’t want to miss a look at the new DFAB technology by DWS for the dental market, as well as 

a guide to all the leading innovators in medical AM and dental AM. All in all, it’s a healthy dose of 

medical AM insights that you don’t want to miss.
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Exploring 
the polymer 
material markets 
for dental
The materials (and their relative 
applications) that are driving the digital 
dentistry revolution 

Analysis
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Dental additive manufacturing became the 

first segment to achieve the production of 

certain end-use parts, effectively fueling 

growth for all main traditional polymer addi-

tive manufacturing hardware and material 

stakeholders. Vat photopolymerization and 

material jetting companies like Stratasys, 3D 

Systems, EnvisionTEC (now ETEC and  Desk-

top Health, part of the Desktop Metal Group), 

DWS and Prodways—embraced the dental 

AM segment first. They were followed by 

large dental material and services companies 

developing their own systems.

More recently the next generation of poly-

mer AM companies also entered the arena 

targeting true digital mass production. Bos-

ton-based Formlabs entered the sector 

providing an accessible and low-cost solu-

tion, while Silicon Valley-based Carbon also 

entered the market with new materials and 

the ability to provide high productivity rates. 

Both solutions have dramatically increased 

AM penetration within the entire dental indus-

try at all levels, including the dentist’s studio. 

However, the first company to achieve a 

multi-million-part application in dentistry 

was HP, by indirectly using its technology to 

produce millions of mass customized tools 

for dental aligners manufactured by Smile 

Direct. In fact, dental aligners—including those 

manufactured by market leader Invisalign—

are now one of the hottest applications 

in this segment.

In general, polymer 3D printers and materi-

als are used in dentistry on several levels: to 

directly produce models from intraoral scans, 

CT scans and MRI’s; to produce patterns and 

molds for end-use materials; to produce visual 

Dental photopolymer resins can 

be considered a stand-alone 

market segment, with most types 

of 3D printable resins available 

in dental-specific formulations. 

It is in fact the largest adoption 

segment for many resin types.

Quick Take
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models, surgical guides and even temporar-

ies—with some now envisioning the direct 

production of permanent prostheses using 

polymer-nanoceramic composite mate-

rials. Metal and ceramic 3D printers and 

materials are used as real alternatives to 

subtractive production methods, reducing 

material waste.

Historically, dental additive manufacturing 

technologies have been used in dental lab-

oratories for over two decades, and more 

recently they have begun to be adopted by 

dentists, orthodontists, and oral surgeons. 

The use of 3D printing in the laboratory and 

the dentist’s office has been steadily growing 

for the past several years. Now the dental 

opportunity has emerged as one of the most 

relevant for the AM industry as a whole, with 

literally hundreds of thousands of potential 

adopters all over the world.

Dental resins

The dental photopolymer resins market can 

be considered a stand-alone market seg-

ment, with most types of 3D printable resins 

(modeling, rigid, high-temperature, flexible 

and castable) also available in dental-spe-

cific formulations. The dental segment is 

in fact the largest adoption segment for 

many resin types.

Using 3D printing to rapidly produce dental models directly from intraoral 

scans is now the standard in many dental practices and laboratories. Image: Stratasys

9



The entire digital dentistry workflow can now 

rely on 3D printing, from the direct produc-

tion of accurate models (from 3D scans), 

including soft gingival tissue models, to 

the development of splints, trays, dentures, 

crowns, temporary and even permanent 

implants. This is a very large business seg-

ment, especially in the first countries to 

adopt it, such as the US and Germany above 

all, and it’s expected to become even more 

significant as it spreads globally, making den-

tistry more affordable and accessible.

Many photopolymer AM market leaders 

(Stratasys, 3D Systems) offer products tar-

geted specifically at dentistry, including 

more recent entries in the high-speed pho-

topolymerization segment such as Carbon. 

3D Systems’ offer includes the entire range 

of NextDent products (after acquiring the 

company in 2017). EnvisionTEC (now ETEC) 

dental products are offered as part of the 

Desktop Health business launched by Desk-

top Metal after acquiring the company. 

Demonstrating how relevant this business is, 

there are also companies offering uniquely 

dental-specific AM hardware as well as 

several leading dental material companies 

(Dreve, NextDent, among others) offering 

materials for dental photopolymeriza-

tion 3D printers.

HP MJF technology has been used to 3D print millions 

of molds to produce Smile Direct clear aligners. Image: SmileDirectClub via HP
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Resin material shipments (tonnes) by material 2020 and 2021 YoY growth

Source: VoxelMatters Research

Dental model and tools applications

The resins used for dental models are usu-

ally high-quality modeling resins that can 

achieve the high-resolution details needed to 

produce accurate replicas on which to build 

splints, dentures and aligners when needed. 

Special modeling resins are also able to rep-

licate soft gingival tissues, while transparent 

resins can be used for advanced medical 

imaging models.

Because dental models can be used to pro-

duce other final dental products, they can 

also be considered molding and forma-

tive tools. In many cases, hardware and 

materials manufacturers offer specific 

high-temperature resistant resins (ceramic 

and nanoceramic filled) specifically for 

thermoforming production of dental align-

ers, dental splints, dentures or for Indirect 

Bonding Tray (IBT). An IBT is a custom appli-

ance that matches each patient’s dentition 

and bracket prescription to place multiple 

brackets at once. Using 3D printing for IBTs 

3D enables a cost-effective, rapid dental 

bracket placement process for high-qual-

ity orthodontics. 

Several companies now also offer castable 

resins specifically for the metal cast-

ing of dental skeletal prostheses and 

ceramic implants.
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In-mouth dental applications

Medical-grade and biocompatible resins, cer-

tified for in-mouth use (according to various 

medical standards), also find numerous appli-

cations in dental 3D printing. These range 

from gingival masks (removable prosthetic 

devices that replace missing gingival tissue) 

to various levels of temporary and now even 

permanent implants and crowns. 3D print-

ing of temporary prostheses is now almost 

standard practice in many dental markets 

while permanent implants, that use poly-

mer-nanoceramic composites, are still in 

an early phase of adoption showing signif-

icant potential.

Other highly relevant in-mouth applica-

tions include dental surgical guides, which 

are high-precision custom tools to help 

orthodontic surgeons drill in specific areas. 

These are 3D printed with mostly transpar-

ent materials. Transparent biocompatible 

resins are also used for direct 3D printing of 

custom aligners.

Among photopolymerization processes, the 

dental resins category (which includes sev-

eral subcategories) is the largest materials 

category for yearly shipment volume. Photo-

polymer resin demand in 2021 (470 tonnes) 

was driven by dental resins. These repre-

sent the largest material subsegment. This 

10-year forecast of resin polymer AM materials shipped yearly (tonnes) 2020–2030

Source: VoxelMatters Research
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category includes several different types of 

materials for various dental applications.

Dental-specific resins are also the most 

important revenue segment with global sales 

of $136 million (26.6% market share) in 2021. 

This figure includes many different types 

of resins for various dental applications, 

including high-cost castable materials and 

materials for gingival masks and ICB trays, as 

well as lower priced modeling materials.

Polymer AM Market Study

This was a short extract from VoxelMatters Research’s 500-

page market report on Polymer AM, surveying and analyzing 

over 740 AM companies covering all AM products and services 

available on the market today and 10-year forecast.

10-year forecast of resin polymer AM material revenues ($USM) by material (2020–2030)

Source: VoxelMatters Research

Learn more →

The primary revenue opportunities for 

specific material categories in the photo-

polymer segment reflect overall demand. 

Dental resins, which represent the larg-

est demand category, are also the largest in 

terms of generated revenues, growing from 

$111 million in 2020 to $888 million by 2030 

at 23.1% CAGR. ⬛
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In collaboration with HP

Transforming 
smiles with uLab 
Systems and HP
Multi Jet Fusion technology has empowered 
leaders in the clear dental aligner industry, 
such as uLab Systems, to scale and 
automate production.

Feature

https://www.hp.com/us-en/printers/3d-printers.html
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Though the history of dental aligners can be 

traced back to the mid-20th century (to what 

would now seem to be quite rudimentary 

products), the market for clear dental align-

ers really took off in the late 1990s with the 

introduction of Invisalign. Since then, further 

advances in digital manufacturing have led 

to the continued growth of the dental solu-

tion, helping millions of people to correct 

their teeth and smile a bit brighter. The mas-

sive success of this dental subsegment—the 

global clear aligners market has now 

exceeded $5 billion—can be traced in large 

part to 3D printing technologies, and the 

technology of one company in particular: HP.

HP’s Multi Jet Fusion technology has 

proven to be a top choice for dental aligner 

manufacturers. Teledentistry company 

SmileDirectClub famously relies on HP’s 3D 

printers to produce millions of custom dental 

molds for its aligners. Swiss company nivell-

medical AG has also turned to HP’s solution 

in the production of its clear aligners. And 

uLab Systems, who we’ll hear more from in 

this article, have pioneered a digital treat-

ment planning software that integrates with 

HP’s machines for top-of-the-line ortho-

dontic aligners.

But why has HP’s technology become so vital 

to the production of clear dental aligners? 

Production capacity, cost and recyclability 

are three of the main drivers. “Hundreds of 

dental aligner molds can be printed per build 

at a very competitive part cost” said Gino 

Balistreri, HP’s Global Dental Lead. Moreover, 

HP offers a highly automated 3D printing 

workflow, including an industrial automatic 

unpacking station, enabling users to seam-

lessly scale their production. After the aligner 

thermoforming process, the dental molds 

can even be reused to manufacture other 

applications, by converting into pellets for 

injection molding.

A conversation with uLab Systems

But what better way to illustrate the impact 

HP’s 3D printing solution is having on the 

dental aligner market than by hearing from 

one of its customers directly. We spoke with 

uLab Systems Chief Automation and Manu-

facturing Officer, Tracy Bailey, to understand 

the value HP brings to its unique offering.

VoxelMatters: Tell us a bit about uLab Sys-

tems and what distinguishes it in the 

aligner market?

Tracy Bailey: uLab Systems is the pioneer 

in implementing artificial intelligence for 

automating the digital treatment planning 

process for orthodontic applications, result-

ing in an enhanced user experience in terms 

of both ease of use and speed. 

Our digital platform supports both aligner 

and hybrid therapy (combining aligners and 

uLab Systems’ Chief Automation and 

Manufacturing Officer, Tracy Bailey

Image: HP
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traditional braces), which we consider the 

most efficient orthodontic approach for 

the treatment of severe orthodontic cases. 

Additionally, our software platform enables 

orthodontists to either order uSmile align-

ers 3D printed at our state-of-the-art facility 

or to fabricate aligners in their own clinic 

using a desktop 3D printer. uLab Systems is 

the undisputed leader in this segment of the 

market in North America.

VM: Where is your production facility and 

what technologies does it integrate?

TB: At uLab Systems, we manufacture all our 

aligner products in-house in Memphis, TN. 

We use many automated machines from 

suppliers like HP, and many that were devel-

oped in-house by our team of engineers. Our 

manufacturing line is among the most effi-

cient in the industry and we have some of the 

fastest delivery times available too.

VM: How is HP’s 3D printing technology used 

in uLab Systems’ aligner production?

TB: uLab Systems uses HP 3D printers to 

manufacture molds for thermoformed align-

ers, retainers and templates. These molds 

are essentially a form used in a later stage 

to manufacture the final product. We also 

use the 3D printers to manufacture jigs and 

uLab Systems uses HP 3D printers to manufacture molds 

for thermoformed aligners, retainers and templates. Image: HP
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fixtures, including end-of-arm tooling and 

gripping components that are used on our 

automated manufacturing lines.

VM: Why did uLab Systems choose 

HP’s Multi Jet Fusion technology over 

other AM processes?

TB: There are several helpful attributes of 

manufacturing with this technology. One 

major benefit is the very large batch sizes 

that the equipment can process. Rather 

than process hundreds of small batches 

in a day, we can process fewer batches 

with HP’s technology, which saves quite a 

bit of labor. After 3D printing is completed, 

we also use the Automatic Unpacking 

Station from HP. 

This amazing machine eliminates most of 

the labor when unpacking the builds, and also 

recovers all the unused powder so we can 

use it in the next batch of aligner molds. The 

ability to automate the building and unpack-

ing of so many components at the same 

time, with low labor content, enables great 

cost savings as we manufacture finished 

goods for our customers. 

3D printing at uLab Systems is more sustainable thanks to HP’s High Reusability PA 12. After the 

3D printed molds have served their purpose, they are converted into injection molding pellets. Image: HP
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VM: What type of finishing processes are you 

using for the 3D printed aligner molds?

TB: The satin finish offered by HP is quite 

useful in making the aligners almost dis-

appear when in use. Our research into the 

visibility of aligners in the mouth indicates 

that the least visible aligner is one that has 

a light satin finish, rather than a clear and 

shiny finish. This is much like applying tape 

on a birthday present. Tape with a matte or 

satin finish disappears on the package, while 

shiny tape is far more visible when applied. 

The same applies to gloss and satin align-

ers when worn in the mouth. We see value in 

focusing on the aligner when worn instead 

of when it’s in the bag waiting on some-

one to wear it.  

VM: What is the experience of work-

ing alongside HP?

TB: HP is great at listening to the customer 

and developing the kind of automation nec-

essary for companies like uLab Systems 

to operate at scale. We worked with HP to 

develop settings for the automatic unpack-

ing equipment that are the best fit for our 

exact application. That willingness on the 

part of HP to both listen and respond is a 

great example of our working relationship. 

Additionally, recycling is of increasing impor-

tance at uLab Systems. We are a leader in our 

industry with the use of HP’s High Reusability 

PA 12 printing material. After the 3D printed 

molds have served their purpose, they are 

sent to a third party that converts them into 

injection molding pellets, which can be used 

by other companies in their manufacturing. 

This keeps materials we use out of a landfill 

and that’s a great benefit to all of us.   

VM: What markets does uLab Systems 

currently serve?

TB: Our current areas of coverage are in the 

US, Canada, Australia and New Zealand. We 

are working on expansion plans, and we’ll 

announce those plans at a later date. We 

offer orthodontists the ability to scan and 

plan in-house and either manufacture in 

the office or through our manufacturing 

facility in Memphis.

Orthodontics of the future

Ultimately, HP’s Multi Jet Fusion technology, 

in combination with its Automatic Unpack-

ing Solution and uLab Systems’ AI-driven 

software program, is enabling orthodon-

tists and dental labs to deliver customized 

aligner products to their clients in a cost-effi-

cient and scalable way. For the end user, this 

makes gaining a stellar smile all the easier. ⬛

Each build in the HP MJF 3D printer can 

deliver hundreds of dental molds.

Image: HP
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Voxel Printing 
the greatest 
special effect 
of all
How some of the most advanced surgical 
modeling and entertainment applications of 
3D printing came together to shape the future 
of medicine. Starting from the human brain.

Interview
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Those who eat, sleep and dream 3D print-

ing know that one of the most fascinating 

aspects of this new way of manufacturing 

is that it can span across segments, blend-

ing and advancing them together. Lessons 

learned in aerospace are implemented in the 

energy segment; designs developed for con-

sumer products may be used in architecture. 

Sometimes these shared elements can span 

across very different segments: the cross-

roads is where some of the greatest steps 

forward take place.

It may be difficult, at first, to envision a col-

laboration between a special effects artist 

and a surgical modeling expert but in 3D 

printing, this is not only possible, it is also 

almost natural. One of the main goals of the 

AMUG conference, the North America-based 

leading global event for AM users, is to make 

sure that these professionals from different 

segments can meet and exchange expe-

riences, thus enabling the entire additive 

manufacturing industry—and, more gener-

ally, human capabilities—to advance.

This is what happened when Nicholas Jacob-

son from the Translational Research Faculty 

at the University of Colorado Anschutz 

Medical Campus, and Rob Ducey, Technical 

Supervisor at LAIKA, met at AMUG, learning 

about each other’s work in the “fringe” field 

of Voxel Printing (formerly bitmap printing). 

Their amazing accomplishments in combin-

ing bitmap printing for special FX animation 

with surgical preparation will be presented as 

one of the opening keynotes at the upcoming 

AMUG Conference in Chicago on March 19th.

Medical imaging expert Nicholas 

Jacobson and special FX artist Rob 

Ducey met at AMUG, learning about 

each other’s work in the “fringe” 

field of Voxel Printing. Their work 

helping neurosurgeons operate to 

treat pediatric epilepsy is being 

presented at the 2023 Conference.

Quick Take
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Before getting into the details of this inspiring 

story, a few words on Bitmap Printing. This 

term, which is now known as Voxel Print-

ing, refers to the ability to control material at 

the voxel level during a print. While several 

AM technology providers offer some level of 

voxel control, the company that has made 

the most progress is Stratasys via its PolyJet 

technology (which was originally devel-

oped by Objet and acquired during the 2012 

merger). Voxel Printing allows users to define 

a color for each individual point through-

out the whole volume of the model. These 

points are called voxels—a three-dimensional 

version of the pixel. This type of printing 

enables the fabrication of parts with complex 

material distribution, such as a gradient or 

a sophisticated pattern. Designing parts for 

Voxel Printing remains challenging and just 

a few years ago represented a daunting task. 

Something that only some of the best special 

FX artists in the world and some of the best 

university teams in the world could address. 

The ability to share knowledge across dif-

ferent teams is of paramount importance 

to mastering the possibilities that Voxel 

Printing can offer.

Designing parts for Voxel Printing remains challenging and 

just a few years ago represented a daunting task Image: LAIKA

23



In the following interview we will see how 

Rob Ducey’s experience in “animating min-

iature beings” proved instrumental in Nick 

Jacobson’s work with surgeons operating on 

the human brain, enabling both to continue 

to expand their, and everyone’s, understand-

ing on how to create the most complex 3D 

printed parts possible, based on multiple data 

streams originating from different sources.

How it all started at LAIKA

“I got into 3D printing about 10 or so years 

ago—Rob begins—when we made Coraline, 

which is the first film that came out of LAIKA. 

There were two gentlemen who came to the 

studio to help facilitate that project. They had 

done a little bit of stop motion with Henry 

Selick on Life Aquatic and had the bold idea 

of printing a bunch of faces for the charac-

ters using a technique called replacement 

animation. Typically, those things would be 

hand-sculpted or sculpted then molded and 

cast. I was brought in to help them build a 

workflow and toolsets around that process. 

Ever since then, we’ve continued to prog-

ress in using additive tools, mostly focused 

on PolyJet printing. But we have many differ-

ent printers in our facility now. We also use a 

lot of other computer-aided manufacturing 

tools to make this age-old process of stop 

motion animation.”

At the AMUG conference, Rob and his team 

would often try to find other people who 

were using similar techniques. They had 

access to an advanced feature of PolyJet 

printing, which was called bitmap printing 

at the time, and has now been rebranded 

as Voxel Printing. They had been to univer-

sity campuses and saw research teams that 

were playing around with these machines 

and using bitmap printing. One year at AMUG 

Rob listened to Nick’s talk about his work in 

the medical field.

“I thought: ‘What could they possibly be 

doing?’”, Rob says.

Voxel Printing gives users access to the 

printer’s core operations. A PolyJet printer 

voxelizes a model, figures out where the 

materials need to be, and makes a map. With 

Voxel Printing users have access to designing 

those maps and can determine the mate-

rial configurations throughout the entire 

volume of the object.

“Without Voxel Printing—Rob explains—you 

would have to have multiple objects that 

overlap each other. They would be very, very 

dense models where the system has to work 

out dominance and overlap. Working in the 

visual effects industry, we have access to 

all these visual effects tools which have so 

many ways of dealing with volumetric data. 

We realized that we now had the full capa-

bility of authoring volumetric data that we 

can then feed to these printers and try some 

really interesting things.”

Building bitmap bodies

Nick’s background is quite diverse. “I got 

started in 3D printing in a bizarre way,” he 

tells VoxelMatters. “I started in architec-

ture. In my first year at architecture school, 

we had drafting boards. In my second year, I 

watched them rip out the drafting boards and 

give us computers. Throughout my education 

as an architect, I was continually exposed to 

this swap from 2D to 3D. It was like a series 

of epiphanies. Even with simple technology 

like SketchUp we could now make a building 
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in 3D and take it off the two-dimensional 

plane. It was a revelation. I could understand 

it better, and convey it better. Explore new 

opportunities in design.

“My interest in 3D printing really took off 

when I went to Harvard University’s Graduate 

School of Design,” Nick continues, “I focused 

on computational design and digital fabrica-

tion, looking for opportunities on both sides. 

I got into bitmap printing through a study of 

structure. When we would do a structural 

analysis in the computer, it never looked like 

the buildings that we were building with solid 

steel and wood beams, it was this more inter-

esting form. There was no way that you could 

possibly build that but, if you could, it would 

open up new opportunities. It would also 

create a better structure.”

Nick set about on this journey of trying to 

recreate that and became an early adopter 

of bitmap technology. Objet came out 

with a research package that they gave to 

just a couple of universities, and Harvard 

was one of them. They said, ‘Hey, you can 

bypass all the internal slicers, see what you 

can do with it.’

“Still to this day, there’s no commercial soft-

ware fully able to program these things. We 

wrote programs that would allow us to model 

and generate the files in that way. I was very 

lucky to be a part of that,” Nick says. “It was 

around that time that a classmate of mine 

came down with a brain tumor. His name was 

Steven Keating, and he was an MIT student.

“He was Mr. Open Source. He brought over 

his surgeon to MIT and to Harvard and said, 

‘There’s all this great technology out there. 

Is there anything that could help me help my 

surgeon?’ They engaged my cohort of bitmap 

printing researchers and made a model of 

Steven’s brain with the tumor. They worked 

side by side with the surgeon to design a tool 

that would help him perform the surgery. 

It was a great success. Steven had the sur-

gery, was back working on his dissertation in 

two weeks. It was incredible. He was in the 

New York Times. He went and met the Pres-

ident as this kid who was using all the tools 

at his disposal.

“After seeing that, it was really hard for me 

to think about ever going back into architec-

ture,” Nick says.

From bitmap to full-color Voxel Printing

Nick met Rob at AMUG. He and Brian McLean, 

Director of Rapid Prototype at LAIKA, were 

giving the keynote speech and they were 

talking about using it in their Academy 

Medical imaging is inherently a full 

volume of multi-material densities 

Image: LAIKA
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Award-winning movies. Later that day he 

also gave a talk on bitmap printing, and they 

started talking and sharing experiences, 

exploring how they could use this technol-

ogy to create something that was really 

exciting and useful, specifically for medi-

cal applications.

“The critical thing that we set out to achieve 

was full-color multi-jet printing,” Rob says. 

“Initially we were working on a Zcorp printer, 

which was analogous to an inkjet printer, 

depositing dyes into the gypsum bed. We 

had used the Objet printers on some of our 

films, and we knew that they had multi-ma-

terial capabilities, but they were limited in 

terms of combining those materials. We did 

use them in a limited capacity on Coraline 

where we just had black and white. When 

we learned that Objet was going to launch 

a full-color printer, we knew it was going to 

change everything.”

PolyJet’s multi-color capabilities first came 

out in a three-material printer. Rob worked 

with researchers at Virginia Tech and gener-

ated a toolset to do four characters on Kubo 

and the Two Strings that look like full-color 

plastic prints, but they only used three mate-

rials. They were intermixing by generating 

slices and setting the slices as bitmaps to 

the printer. This enabled them to achieve a 

more dynamic look on these printed charac-

ters that didn’t have to be painted over the 

top, which can be seen Coraline. Then the full 

seven-material [six-material plus support] 

machines came out.

“It was at AMUG in 2015—Rob remembers. 

“I sat down next to Todd Grim. He asked me 

what we did, and I explained. He said that we 

should speak with these guys at Fraunhofer 

in Germany, who had figured out how to add 

a fourth color to the three-color printer by 

dying the support. And had created a Slicer 

to go with it.”

Rob’s team connected with the team at 

Fraunhofer who were already developing a 

Slicer to take advantage of the J750 full-color 

printer that was coming out. They worked 

together to develop their Slicing tool, which 

was a way of taking a texture-mapped object 

and turning it into these bitmaps that you 

could then print in full color.

“It was around the time that we met Nick,” 

Rob goes on. “There was something about 

Nick’s talk where he had figured out some 

things that we were very curious about. This 

is how these conversations go. It’s partly us 

showing off, ‘we know how to do that but 

hey, show us the cool thing that you figured 

out’. Around that time, I had engaged our VFX 

team who had a lot of experience author-

ing Voxels. We came up with a tool inside 

of another tool called Houdini, which is one 

of the many that we use to generate visual 

effects and animate three-dimensional 

objects, to basically generate these slices. 

But there still were no tools for designing 

voxels and no real concepts about how to do 

it. We were generating a toolset and a frame-

work. The work that Nick was doing already 

had some conceptually grounded things in 

the medical imaging field.”

While Rob and his team needed to design 

multi-material objects, medical imaging is 

inherently a full volume of multi-material 

densities. “I thought, ‘Wow, that’s going to be 

cool’. We started to see if we could take the 

data that he was working with and reproduce 

it as a 3D print,” Rob says.
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Rob and his team at LAIKA had conquered everything they 

could in animation and were looking for a new challenge Image: LAIKA

Nick had lots of research queued up that 

could take advantage of these capabili-

ties. At the same time, Rob and his team at 

LAIKA had conquered everything they could 

in animation that they could think of. “I was 

interested in a new challenge, and it seemed 

that Nick had some very interesting ones 

ahead,” Rob says.

Recreating physiology

Some of these challenges consisted in 

recreating something like human physiol-

ogy that has no hard physical boundaries 

and is in a constant state of change. “The 

amazing thing about Voxel Printing is that 

it allows us to represent and model soft 

tissue,” Nick tells us. “Because soft tissue 

is made up of different scales of an orga-

nization that blend, it’s hard to understand 

the hard boundaries, for example, in the 

brain, the kidneys, or the liver. Bitmap print-

ing opens up that whole world of soft tissue 

application, where things change point by 

point in space. We’ve gotten really good at 

that in my lab.”

Now, the next dimension of technology that 

is coming into the medical world is focused 

on physiology. This new data form, which is 

usually vector-based, is not something that’s 

seen in the body but is derived from other 

forms of medical imaging. For example, one 

of the things that Nick’s team invented was 

the ability to see blood flow and velocity 

from an MRI scan, which is called 4D flow.
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“It’s the result of some smart people play-

ing around with MRI and understanding 

it. Up until this point, doctors were start-

ing to look at blood flow and velocity but 

using computational fluid dynamics. Now 

we’re able to get it directly from the medical 

images,” Nick says.

“There are other areas—Nick continues. For 

example, tractography focuses on the areas 

that connect certain elements in your brain 

that are critical to know for surgery. There’s 

a series of tracks or neurons that connects 

the two language processing centers in the 

brain, the Wernicke’s and the Broca’s areas. 

If you have a tumor in one of those areas, 

it’s the scariest thing a neurosurgeon has 

to do because if you damage the language 

processing center of the brain, your abil-

ity to speak or process speech, it’s shown 

to be the most debilitating thing that can 

happen to a human.”

The ability to see the tractography areas you 

really don’t want to cut is critical to a sur-

geon. Up until this point, everybody was 

looking at this growing field of physiological 

data on two-dimensional screens. Visualizing 

tractography and blood flow is very compli-

cated, even in 3D.

The ability to see the tractography areas you really 

don’t want to cut is critical to a surgeon. Image: LAIKA
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“We were starting to get this type of data, 

and I had come up with some very diffi-

cult and bootleg ways of visualizing it and 

bitmap printing, but they weren’t great,” Nick 

says. “We now had 4D flow, tractography, 

MRI, and the field was growing. It seemed 

like every day there was a new type of data. 

How do we print that? That’s when I started 

to engage Rob.”

Brain FX

The special effects world regularly works 

with such data. Nick and Rob’s project now 

is looking at combining all of these different 

forms of data for surgical applications. One of 

the first ones they’re focusing on right now is 

for pediatric epilepsy.

Understanding everything involved before 

surgical intervention in pediatric epilepsy 

involves five to eight different forms of data. 

If a child has intractable focal epilepsy, sur-

geons need to try to intervene as young as 

possible because it gives the brain the oppor-

tunity to heal. The best solution we have 

right now is to take out a portion of the brain. 

Sometimes it’s an entire hemisphere of the 

brain, sometimes it’s just a lobe, and some-

times it’s just a small portion of the lobe. “We 

believe that by giving them more of this data, 

being able to process and understand it, we 

can limit the amount of a resection of the 

brain,” Nick says.

Epilepsy is not a condition that anyone 

can see, like a tumor or a broken bone. It’s 

the result of multiple factors. The best 

way to identify where it is by using phys-

iological rather than morphological data. 

“You’ve got to hone in on it by overlaying all 

these forms of data,” Nick explains. “The 

problem is there’s no single solution to do 

this. Planning surgery involves looking at 

many different data sequentially, on two-di-

mensional screens. It’s a massive mental 

exercise for the team to be able to recon-

struct all this data.

“What we’re doing is we are taking all that 

data, with its own set of problems and 

requirements, translating and fusing that to 

present a single holistic model, Nick clarifies. 

“Everyone understands things in 3D, so the 

huge team involved will be able to—hope-

fully—come to a consensus more easily. And 

guide the surgeon before and during surgery.

The potential applications of this work can 

bring benefits to researching motor neuron 

diseases that have to do with the relationship 

between these physiological data. For exam-

ple, Anorexia Nervosa and Parkinson’s are 

diseases that are a result of multiple factors 

that we’re just starting to understand.

“We used to think that it was one simple 

thing gone wrong, and now we’re understand-

ing that it’s the relationship between various 

forms of physiological data. We believe that 

by putting this together, we can start to mine 

this and understand some of these underly-

ing problems.” Nick concludes.

The future of voxelized medicine

“From my point of view—Rob says—techno-

logical development is going towards more 

channels and dimensions of control. The J850 

gives you seven different materials from 

which you can generate pretty much a full 

gamut of color with just five materials, C, M, 

Y, K, and W. You can add translucency and 

transparency for the ability to see deeper into 

29



objects. We also want to add in this ability 

to have various parameters, so you can have 

something that is tactically flesh-like. But in 

order to do that at the same time as having 

full color, you need to add additional channels 

to control those dimensions.

Additional developments of AM technology 

could see the introduction of new elements, 

such as moving parts or flowing liquids, 

as well as the ability to mimic a virtually 

infinite gradient of densities and color. Work 

is ongoing to develop new materials and on 

representing the body through durometer 

or density mapping. In addition, while the 

brain may be the most complex possible 

application of Voxel Printing, other areas can 

also involve models of the heart, cranial and 

facial reconstructions, liver, and kidneys as 

well as research in transgender and vascula-

ture applications.

LAIKA is also exploring how to animate a 

character as if it’s a living breathing thing. 

“In the most straightforward way, we create 

miniature-sized people that must function 

like a person,” Rob says. “On top of that, it’s 

also a conceptual framework around which I 

can refine these tool sets for designing in full 

volumetric voxels.

“We have a lot of abstract ideas about things 

that we might try to do, but without a con-

crete application, it’s hard to drive some of 

that development. So the studio benefits 

from having something to push and pull on 

these tools that we’re trying to create. And 

I’ve been feeding that back on the current pro-

duction we’re doing right now because we’re 

working to generate a lot of things where the 

ability to author the full volume of the object 

is going to be critical. That’s the direct ben-

efit,” Rob says, highlighting the “personal 

benefit of just expanding my worldview and 

my knowledge in this area. Nick brings these 

cases in front of me and it’s fascinating.”

It’s progressing fast. Nick’s lab has access to 

three hospitals within five minutes: the Vet-

erans Administration Hospital, Children’s 

Hospital, and Adult Hospital. And over the 

years, he has built relationships with as many 

as 35 different surgeons. He has access to 

the operating room to observe, while sur-

geons can visit his lab between surgeries. “We 

have a very intimate relationship and ability 

to talk to Rob one minute and walk over to 

the OR, see the problem, ask questions, and 

have rapid feedback. It’s wild because when I 

started with this, almost nobody understood 

its potential,” he tells us.

As the technology becomes more standard-

ized its use will become more widespread 

across hospitals around the world. Nick tells 

us that the FDA is researching 3D models to 

The next dimension of technology that is coming 

into the medical world is focused on physiology.

Image: LAIKA
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understand if they can be approved for insur-

ance coverage, which would mark a major 

change. “We’re gathering all this data during 

trials and—he reveals—if we can prove that 

there is a benefit, insurance companies will 

reimburse them. And we see a lot of com-

panies lining up right now, getting ready for 

that likelihood. And a lot of companies talking 

about having a print center in every hospital.

“We also see a lot of surgeons with a high 

level of technological sophistication that 

want to be able to design their own tools. 

I’m hoping that what Rob and I are doing is 

expanding the range of opportunities for 3D 

printing. Very few people are looking at soft 

tissue or have the ability to do that, and soft 

tissue makes up the majority of our body.”

Voxel bioprinting

At the end of this journey into the possibilities 

of Voxel Printing technology, the question that 

comes to mind is whether it could ever be 

used for producing functional organs. While 

bioprinting of complex organs is infinitely 

more challenging than what many outside the 

medical sector perceive, this complexity ties 

back into what Nick discussed about the lack 

of exact boundaries in human tissue.

Research on Voxel Printing capabilities may 

help address this as well. In fact, Nick says 

that in a way, this has been the ultimate goal 

of his work. “I worked with Jennifer Lewis and 

the Lewis Lab and I was working at the Wyss 

Institute for Biologically Inspired Engineer-

ing. She was also a member of the lab, Nick 

tells us. “Bioprinting organs is very far in the 

future but here’s my sci-fi idea: we have fund-

ing for this, and it’s an active area of research 

to create patient-specific implants that utilize 

this technology for soft tissue applications. 

And as an architect, I come at this from a 

little bit of a different perspective.

“In architecture—Nick goes on—we can pro-

vide a structure for nature to be able to grow 

in a healthy way. I think maybe the best solu-

tion for a lot of our complex areas where 

people are looking at bioprinting is not actu-

ally full bioprinting, but a hybrid between a 

structured device and one that allows for 

the human body to grow into and around 

it. I believe that this interplay between an 

engineered patient-specific device and the 

human body may have the potential to fill a 

lot of gaps and provide a lot of solutions. One 

of the big areas is looking at patient-specific 

implants for soft tissues that utilize differ-

ent parameters, different microstructures, 

and a lot of the benefits that Voxel Print-

ing can offer.” ⬛

The FDA is researching 3D models to understand 

if they can be approved for insur- ance coverage, 

which would mark a major change 

Image: LAIKA
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A 3D printed 
PSI of hope 
in Ukraine
Implanting even a large skull section may 
seem like a relatively small victory in the 
dramatic context of the ongoing war but it’s 
making a huge difference in this soldier’s life

Images some readers may find distressing

Exclusive





Last year a surgical team led by retired Air 

Force Col. (Dr.) Warren Dorlac, a Uniformed 

Services University alumnus and Associ-

ate Professor of Surgery, arrived in Ukraine, 

to begin a volunteer mission supporting 

Ukraine’s civilian Emergency Medical Clin-

ical Hospital. Dorlac, a recognized expert 

in trauma surgery and trauma care, was 

uniquely qualified to lead the team. After 

a few months of activity in Ukraine, when 

faced with the case of a Ukrainian soldier 

who had lost a large part of his skull, he 

immediately knew that no existing implant 

solution could address this type of injury. So, 

he contacted a well-known US-based insti-

tute for regenerative medicine and, through 

them, got in touch with bioprinting specialist 

T&R Biofab, with the goal to create a unique, 

resorbable PSI.

“As a military surgeon, I have seen the 

worst that humanity can do, but I have also 

been fortunate enough to see the best,” 

said Dorlac, writing from Lviv to its Alma 

Mater, USU. “It is a privilege to be part of 

this lifesaving mission serving the brave 

people of Ukraine.”

Bringing out the best

This unique collaboration with T&R falls 

under the “best” category. Not only did it 

help the Ukrainian soldier fully recover from 

an injury that would have been completely 

A surgical team led by retired Air 

Force Col. (Dr.) Warren Dorlac, 

arrived in Ukraine. Faced with the 

case of a Ukrainian soldier who 

had lost a almost half his skull, he 

got in touch with T&R Biofab to 

create a unique resorbable PSI. 

Quick Take
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debilitating or worse, but it also showed how 

useful additive manufacturing can be when 

no other solution exists. The section of the 

skull that needed to be replaced was larger 

than any implant readily available, especially 

considering that metal is not usually a feasi-

ble solution for such a large part of the skull. 

In addition, it needed to be personalized to 

achieve an ideal fit. 

That’s why T&R’s technology provided the 

only possible solution: its 3D bioprinters 

can print using various biomaterials, includ-

ing deCelluid (a hydrogel tissue-derived 

bioink), ceramics as well as synthetic and 

biodegradable (bioresorbable) polymers that 

can ideally replicate special tissue microen-

vironments through the printing process. In 

this case the PCL : TCP material, a mixture of 

bioresorbable polycaprolactone (PCL) and 

beta tricalcium phosphate (which is one of 

the materials human bones are made of) 

provided the ideal environment for a skull 

implant that would be strong enough and 

that would enable the bone to grow back 

onto and into it.

Within their first few days in Ukraine, Dorlac’s 

evaluated conditions, offered recommenda-

tions, and delivered lectures and training on 

The section of the skull that needed to be replace could only be produced 

by 3D prtinting and only with a resorbable biopolymer. Image: T&R Biofab
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topics including end points of resuscitation 

and use of ultrasound in trauma and critical 

care. According to Dorlac, emergency med-

icine is not a dedicated specialty in Ukraine. 

The emergency hospital staff that the team 

assisted includes trauma and general sur-

geons, thoracic surgeons, vascular surgeons, 

pediatric surgeons, orthopedic surgeons, 

anesthesiologists/intensivists, and surgi-

cal and critical care nurses. The caseload 

included “typical combat wounds –- exten-

sive burns, complex fractures, nerve injuries, 

soft tissue loss, and wounds and amputa-

tions,” said Dorlac.

Dorlac was accompanied on the Ukraine 

mission by a distinguished team of medical 

professionals including military trauma sur-

geon and USU Surgery department faculty 

member Air Force Col. (Dr.) Jay Johannig-

man, renowned burn surgeon Dr. William 

Hickerson, and surgical physician assistant 

Kelley Thompson. With their work in Ukraine, 

Dorlac, Johannigman and the other surgi-

cal team members continue the tradition 

of US military medical aid for conflict vic-

tims around the world, a tradition interwoven 

throughout USU’s entire 50-year history, 

beginning with Dr. Rich.

Because it was custom made, the implant fit 

perfectly, making the surgerty a huge success. Image: T&R Biofab
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Emergency lifesaving solutions

To design and produce the proper PSI, mul-

tiple meetings had to be held between T&R 

Biofab, the Ukrainian surgeons and US doc-

tors. Once the exact specifications required 

were ascertained, T&R manufactured the 

implant within days, based on the CT data 

that was sent to the company directly from 

Ukraine. At this point the T&R team used its 

bioprinting technology to produce 3 identical 

custom cranial implants. These were then 

shipped out to Poland so that they could be 

delivered by military personnel to the sur-

geons operating inside Ukraine. 

The first of the three PSIs was immedi-

ately used for the intended patient. During 

the operation, US and Ukrainian doc-

tors shared knowledge on how to use the 

implant through online meetings and the 

surgery was a complete success. The sur-

geons confirmed that the results were 

very satisfactory and pointed out that it 

was easier to operate since the PSI fit so 

well with the actual defect in the skull. The 

patient has since been recovering with-

out complications.

“There are other synthetic options for these 

implants to include polyetheretherketone 

and polymethylmethacrylate and titanium,” 

Dr. Dorlac said. “They too are computer gen-

erated for the individual patient. They are 

expensive and have some problems with 

sterilization. This T&R Biofab product has the 

possibility of being better integrated into the 

skull as a biological implant which may offer 

some protection against infection as well.” 

In an emergency the ability to improvise 

can make all the difference in the world. As 

further demonstration of the viability of 

T&R’s implants, the second implant was 

modified—as a unique wartime solution—

by the surgical team and used on a second 

patient. Showing exceptional skill, the sur-

geons were able to manually adapt and 

implant the PSI to treat a different but also 

extensive skull injury.

As Paulo André Marinho, Head of Scientific 

Strategy at T&R Biofab explained to Voxel-

Matters, T&R’s work on custom PSI focuses 

on advancing PSI technology and improv-

ing the patient’s quality of life through 

advanced personalization, rather than 

scalability and profitability. This project in 

particular was operated as pro bono, as an 

humanitarian effort to decrease people’s 

suffering in this war. 

“The results of the PSI work are undeniably 

meaningful, not just for the medical and 

A replica of the implant was modified by the 

surgical team to treat another similar wound.

Image: T&R Biofab

37



scientific community, but especially for the 

patients,” Marinho said. “At T&R, we believe 

it is our social responsibility to keep contrib-

uting to the community with technologies 

that can’t be found elsewhere.”

What is particularly interesting when it 

comes to T&R’s PSI production is that 

compared to the other hard scaffold prod-

ucts which can be mass produced, the 

patient-specific implants are not especially 

profitable. Paulo André Marinho, Head of 

Scientific Strategy at T&R Biofab explained 

to VoxelMatters during a 2022 inter-

view: “As a company, we understand that 

off-the-shelf products are much more prof-

itable since they are easy to scale up when 

there is a demand; but the results of the PSI 

work are undeniably meaningful, not just 

for the medical and scientific community, 

but especially for the patients. At T&R, we 

believe it is our social responsibility to keep 

contributing to the community with tech-

nologies that can’t be found elsewhere.” ⬛

The situation in Ukraine remains dramatic but 3D printing and 

Dr. Dorlac made a huge difference in this soldiers’ life. Image: T&R Biofab
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Leading 
innovators in 
medical and 
dental AM
In this map we take a closer look at the 
latest from some of the companies that 
are leading the market for medical additive 
manufacturing applications and services, with 
a particular focus on the dental segment
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Large implant and device OEMs

Stryker is one of the world’s leading medical 

technology companies, offering innovative 

products and services in orthopedics, med-

ical-surgical and neurotechnology-spine. An 

early investor in Concept Laser and Arcam 

(both now GE Additive), Stryker has been 

using AM since 2001 to address design com-

plexity. Its Tritanium Technology system, 

which allows for the creation of porous struc-

tures designed to mimic cancellous bone, is 

used in dozens of models for spine, joint and 

hip replacement implants under the AMagine 

brand. Applications include Tritanium TL, a 

curved interbody cage for lumbar fusion sur-

gery, solis: A hollow implant for cervical fusion 

surgery, and Trident II, a hip replacement 

system that consists of an acetabular shell 

and a liner with different bearing options. In 

2019 Stryker invested $200 million in its own 

additive manufacturing innovation center in 

Cork, Ireland, which is among the largest of its 

kind in the world.

Lima Corporate, one of the originators of 

orthopedic additive manufacturing and one 

of the first users of Arcam’s EBM powder 

The orthopedics segment has 

now fullly embraced AM with 

hundred of thousands of implants 

produced yearly. From Stryker 

to technology leaders like Lima 

and expert contractors like AIM 

Sweden, medical AM is booming. 

We mapped some of the most 

interesting companies to keep an 

eye on, even beyond implants.

Quick Take
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bed fusion technology, markets a variety 

of metal devices for hip, knee and shoulder 

joint replacement. Lima creates 3D printed 

patient-specific implants via its ProMade ser-

vice and operates several Arcam EBM and 

EOS printers. In 2019, the company launched 

a new Research & Innovation Center and an 

Advanced Laboratory for Testing and Analysis 

at its headquarters in Udine, Italy. The facility 

employs over 50 engineers. In 2021 Lima-

Corporate installed the first EOS 3D printers 

to the new ProMade PoC Center for Complex 

Orthopedic Solutions at HSS in New York City. 

The ProMade PoC Center will also host EBM 

printers. In 2022, Lima received FDA approval 

for its newest novel Trabecular Titanium (TT) 

glenoid replacement, joining the recently 

approved shoulder platform to be launched in 

2023. For the first time in the history of Lima 

Corporate, both the glenoid and humeral com-

ponents are fully 3D printed leveraging the 

patented TT technology.

Zimmer Biomet, the result of a 2015 merger 

between orthopedic leaders Zimmer and 

Biomet, uses its OsseoTi Porous Metal Tech-

nology 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 distributes OPM 

(Oxford Performance Materials) 3D printed 

PEKK craniomaxillofacial implants worldwide. 

OPM’s OsteoFab technology uses an SLS print-

ing platform to fabricate implants made from 

OXPEKK-IG (PEKK or polyetherketoneketone), a 

The challenges of metal 3D pritning in terms of surface roughness are 

a key benefit for orthopedic implants, helping bone regrowth. Image: Zimmer Biomet

43



biocompatible material with bone-like prop-

erties. In 2013, OPM made medtech history 

by scoring the first FDA clearance of a 3D 

printed polymer cranial implant: The Osteo-

Fab Patient Specific Cranial Device (OPSCD) 

was additively manufactured using PEKK. 

Today the company 

Back in 2013, OPM made medtech his-

tory by scoring the first FDA clearance of a 

3D printed polymer cranial implant. Today 

the company sells a whole line of OsteoFab 

implants, that have moved beyond CMF into 

large segmental defects, using the compa-

ny’s proprietary 3D printing process.

AK Medical, based in Beijing, is a medical 

device company that has commercialized 

the application of 3D printing technology 

in orthopedic joint and spine replacement 

implants in mainland China, rising to a lead-

ing position in the Chinese orthopedic joint 

implant market. The company specializes in 

three types of 3D printed products, includ-

ing 3D printed hip replacement implants, 3D 

printed spinal interbody cages and 3D printed 

artificial vertebral bodies, all approved by the 

CFDA. Also available is a 3D printed total knee 

joint with augments, launched in 2022 as the 

first domestic biological knee joint product 

system. AK Medical uses EBM technology for 

Orthopedic implants will become increasingly personalized via 3D 

printing. FabRx thinks that drug tablets will do the same, Image: FabRx
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its implants and has around 650 distributors 

for its products spanning all of China.

With the aid of Innovative Customised 

Orthopedic Solution (ICOS), as well as its 

advantages in 3D printing and image process-

ing, AK Medical is committed to building an 

innovative orthopedic customisation plat-

form. On the platform, the Group will offer 

both services and products including pre-

operative planning, bone model printing, 

customised vetting guide, 3D printed cus-

tomised implants, etc., covering joint, spine, 

trauma, bone tumor surgeries, etc. Moreover, 

relying on this platform, the Group will coop-

erate with hospitals nationwide to develop 

and establish 3D printed customised ortho-

pedics workstations to promote the R&D, 

registration and popularization of relevant 

customised products. 

At present, the Group has commenced rele-

vant technical services in a few key hospitals 

and has two Class-III 3D printed customized 

products registration certificates approved by 

the China National Medical Products Admin-

istration (NMPA), as well as 39 customised 

products filed with cooperating hospitals. 

The company reported revenues for 761 mil-

lion Yuan in 2021 (about $106 million US) and 

it’s expected that between 10% and 15% is 

related to 3D printed implants. 

Lincotek headquartered in Rubbiano, Italy, 

is a global contract manufacturer for mar-

kets 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 Lin-

cotek Additive division. The company has two 

AM innovation centers, and its Italian facil-

ity is focused on medical devices such as 3D 

printed hip joint implants and intervertebral 

fusion devices. The company uses PBF tech-

nology to create these titanium devices.

Innovative Startups and 

SMEs in Medical AM

Dallas-based Osseus Fusion Systems is a 

medical device company focused on devel-

oping advanced technology products for 

minimally invasive spine surgery. Using addi-

tive manufacturing, Osseus creates modern, 

inventive devices that help solve anatomic 

challenges and push patient outcome bound-

aries. The company uses SLA 3D printers for 

prototyping and DMLS printing for its end-use 

steel instruments and titanium implants, spe-

cializing in high-porosity printed implants that 

improve fusion rates. 

In 2022 Osseus received FDA 510(k) clear-

ance and launched the Pisces-SA Standalone 

ALIF ( Anterior Lumbar Interbody Fusion) 

Interbody System, the first of its kind to pro-

vide this level of expulsion resistance and 

segmental stabilization using an alternative 

fixation method.

FabRx is a pharmaceutical biotech company 

based in London, UK that develops pharma-

ceutical 3D printers and 3D printed tablets. 

Established in 2014 by leading academics 

from UCL in London, the company has devel-

oped a pharmaceutical 3D printing platform 

that can fabricate “printlets”: swallowable tab-

lets capable 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 single-step process. In 2022 researchers 

from the company published a study aimed 
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to assess the use of volumetric 3D printing 

technology in the pharmaceutical field. Six 

different formulations of paracetamol-loaded 

3D printed tablets (Printlets) with tunable 

drug release were fabricated within 7–17 sec-

onds, proving that volumetric printing could 

be suitable for supporting timely production 

of tailored medicines in the future.

AIM Sweden is a specialist in 3D printed 

orthopedic implants. The company was 

founded as a commercial spin-off from the 

Mid Sweden University in Östersund, Sweden, 

with the mission to supports customers in 

selected target markets to capture the full 

potential of metal additive manufacturing.

As an ISO 13485-certified contract manufac-

turer specializing in electron beam melting 

(EBM), AIM Sweden have been contracted 

for serial manufacturing of certified ortho-

pedic implants since 2019, and volumes are 

growing. The orthopedics business relies 

on three fundamental strengths: Design for 

AM expertise allow the team to contribute 

to successful implant designs, especially 

advanced modeling of net structures. EBM 

expertise allows the company to define the 

best possible build strategies to ensure effi-

cient and robust production. Finally, a state of 

the art QMS (Quality Management System) 

ensures process control, traceability and 

high-quality implants. ⬛

The ability to create a custom implant with 3D printing can help 

surgeons operate cases that were once untreatable. Image: AIM Sweden
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In a dental segment increasingly filled with 

advanced additive manufacturing hardware 

materials and software solutions, it’s hard to 

offer something truly unique. DWS, the Italian 

leader in SLA technology, has been working 

to propose exactly such a solution for direct 

chairside 3D printing in the dentist’s studio 

with the new DFAB.

The Italian company develops processes to 

help dental clinics and laboratories undertake 

or complete digitalization, effectively deploy-

ing resources, reducing costs, and increasing 

competitiveness. It has been relentless in 

its development efforts and its only limit 

has been in adequately highlighting, through 

those media that can truly understand the 

challenges involved, the results of years of 

R&D in this field.

DFAB technology helps dentists by complet-

ing the digital workflow through integration 

with intraoral scanning systems and CAD 

software, allowing the printing of 3D perma-

nent or provisional restorations, in just one 

appointment. Besides its unique 3D printing 

process, the most interesting feature is the 

use of cartridges for multi-material printing 

capabilities, which truly takes the printing 

process close to a one-click operation.

The advantage of this novel workflow lies in 

the consistent realistic and aesthetic repro-

duction of the patient’s natural teeth, both in 

shape and color gradient, thanks to its certi-

fied and biocompatible materials. The secret 

of DFAB’s speed lies in its TSLA (tilted ste-

reolithography) technology, which allows 

viscous materials such as hybrid ceramics 

and composites to continuously re-circulate 

and flow, combined with the unrivaled preci-

sion of SLA blue-laser photopolymerization. 

This is why the entire chairside printing steps 

can take as little as 30 minutes and less than 

an hour from preparation to cementation, 

within a minimally invasive procedure.

DFAB operates with .stl CAD restoration 

files. Photoshade technology allows com-

plete control over the prosthesis’ color and 

shade gradient, achieving the most natural 

and esthetic result. All the operator has to 

do is select the required shade range within 

the A1 to A3.5 boundaries, followed by the 

desired position and width of the color gradi-

ent, in the apical, middle and cervical thirds 

of the restoration. ⬛

Founded by Max Haot, Launcher has 

already sold multiple Orbiter missions.

Image: DWS
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Lithoz developed a ceramic vat photopoly-

merization (DLP) technology—and relative 

materials—targeted at the dental indus-

try. Its S65 Medical 3D printer is tailored to 

the demanding conditions in medicine and 

dentistry, facilitating the manufacture of 

complex geometries including ultra-thin 

occlusal veneers, and edges can be produced 

to be as thin as 100µm. The system can use 

various materials, including the newest lith-

ium disilicate for dental restorations that are 

superior to other materials in terms of both 

cost-effectiveness and the natural appear-

ance of the human tooth. 

Lithium disilicate is widely used for the 

manufacturing of crowns and veneers in 

the aesthetically relevant region. To date, 

such constructions are made either using 

a pressing technique or subtractive manu-

facturing. With Lithoz’s ultra-precise Lithoz 

LCM technology, it will be possible to produce 

veneers as thin as 0.3 mm and crowns with 

high levels of detail especially at the occlu-

sal surfaces, reaching sharp and natural 

representations of the features combined 

with natural translucency. Lithium disili-

cate dental restorations can be fabricated in 

scalable yet individual series production. In 

a single print run, a multitude of patient-spe-

cific restorations with exceptional aesthetics 

can be created.

Dr. Unkovskiy from the Charité Universi-

tätsmedizin Berlin and his coauthors report 

in their most recent publication about the 

preliminary technical and clinical case experi-

ence of 3D printed lithium disilicate veneers. 

The authors conclude that Lithoz’s AM tech-

nology is a viable option for the chairside 

manufacturing of lithium disilicate resto-

rations and may offer a game-changing 

alternative to subtractive and heat-pressing 

technologies in the future.

While AM has been a key area 

of dentistry for severla years, 

innovation is accelerating 

especially in terms of chariside 

solutions and directly 3D printed 

permanent restorations. 

Quick Take
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3D Systems has grown to become one of 

the dental AM market leaders following the 

acquisition of Vertex Dental—the leading 

vendor of dental AM photopolymer resins—

in 2017. Shortly after in 2018, 3D Systems 

introduced the Figure 4 layerless high-speed 

photopolymerization technology in a dental 

configuration: the NextDent 5100 dental 

printer—which was the first launch in 3D Sys-

tems’ latest Figure 4 program—represented 

a move which further demonstrated the key 

role that dentistry is playing in 3D Systems’ 

broader corporate strategy. The company 

also offers a dental-specific entry-level 

metal 3D printer, the DMP Dental 100, as 

well as the larger and more versatile DMP 

Flex 200, which can process dental materi-

als such as LaserForm CoCr as well as various 

titanium grades.

Stratasys has also made significant moves to 

regain ground in the dental 3D printing space. 

The latest move saw the company launch 

the J3 DentaJet 3D printer—an entry-level, 

multi-material printer that enables dental 

labs to produce extremely accurate mixed 

applications, in a single tray, simultane-

ously. The J3 DentaJet will make its European 

Stratasys’ newest J3 Dentajet is tailored for small to medium-

sized labs and can produce mixed trays of three materials. Image: Stratasys
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premiere at the upcoming IDS global trade 

fair in Cologne, Germany, in March 2023. 

The new printer is set to be showcased 

among Stratasys’ existing range of leading 

dental solutions, including the J5 DentaJet 

and Origin One Dental. Previously Stratasys 

formed a partnership with 3shape to intro-

duce a unique seamless workflow, from 

intraoral scan to the J5 DentaJet 3D printer, 

unlocking the full geometric and color capa-

bilities of PolyJet technology for dentistry.

ETEC (formerly EnvisionTEC) introduced 

cDLM high speed vat photopolymerization 

technology with four dental-oriented print-

ers in 2016. After the company was acquired 

by Desktop Metal, its dental products are 

marketed under the Desktop Health brand 

and have been consolidated into three den-

tal-specific high speed products: The Einstein 

and Einstein Pro XL Dental, and The Envision 

One. Also available is the D4K, which delivers 

the highest resolution and fastest print speed 

Carbon has a dedicated dental business, producing anything from models to 

complete dentures using specialized materials from Dentsply Sirona. Image: Carbon
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within the category of standard DLP printers. 

Most importantly, Desktop Health offers over 

60 validated dental-specific materials.

Formlabs has brought the Form 2 low-cost 

printer to the dental market, with success 

both in the laboratory and dental practitioner 

community. In under three years the com-

pany has arguably built the largest installed 

base of any company, although this is not 

necessarily reflected in higher revenues than 

other market leaders due to the low price 

point of its systems. In 2020, the company 

introduced a large-format dental 3D printer, 

the Form 3BL, with a large build volume of 

335 x 200 x 300 mm. Formlabs also focuses 

on an affordable full dental package option 

that includes the Form 3B+ 3D Printer, Form 

3 Resin Tank V2.1, the Build Platform and the 

Form 3 Finish Kit.

DWS (Digital Wax Systems) has always 

made dental AM one of its key focus areas 

through a wide family of 3D printers that 

include entry-level and production models. 

DWS’ main dental offering is the DFAB tech-

nology that helps the dentist by completing 

the digital workflow through integration of 

intraoral scanning systems and CAD soft-

ware, enabling 3D printing of permanent or 

provisional restorations, in just one appoint-

ment. DWS also develops a wide range of 

dental-specific AM materials, including the 

TEMPORIS Certified Biocompatible Material 

for Restorations.

Prodways is a significant player in the dental 

segment and its entire offer of MOVINGLight 

(DLP) 3D printers is now targeted exclusively 

at the dental sector with four different Pro-

Maker LD Series models. The systems allow 

for highly accurate control of the geometry 

of every part produced at a native resolution 

of 42 µm. Prodways’ expertise and excellence 

in the dental sector can be attributed to sev-

eral partnerships with the biggest names in 

the dental industry, including Dreve, (fully 

owned) Deltamed and DentoSmile and also 

with renowned dentists and leading interna-

tional suppliers. Prodways has developed its 

expertise in this sector and offers 3D printers, 

optimum additive manufacturing materials 

and services for prosthetic dental models for 

crowns and bridges, orthodontic models for 

aligners thermoforming, individual impres-

sion trays, removable partial dentures, surgical 

guides, patterns for fixed prosthetics.

Carbon just expanded its offerings to equip 

dental labs with time-saving and cost-re-

ducing solutions by introducing automated 

print preparation for dental models, new val-

idated post-processing options with Form 

Wash, and highlighting real-world benefits for 

customers using the M3 Max printing solu-

tion. These solutions enable dental labs to 

address staffing shortages, lower production 

costs and increase efficiencies. As demand 

for 3D printed dentures continues to grow, 

Carbon is working with new ecosystem part-

ners to expand its denture teeth, base, and 

implant-supported denture offerings to meet 

customers’ needs. These new options will be 

available on all M-series Carbon printers.

Keystone Industries has worked for over a 

century in the dental industry providing cut-

ting edge solutions to its customers. In recent 

years, the company has embraced 3D print-

ing, bringing to the market its KeyPrint product 

line, comprising USA-made dental-grade 

resins compatible with DLP 3D printers. 

Available across North America and Europe, 

KeyPrint 3D printing resins are specifically 

57



formulated to be used for a wide variety 

of dental applications, including model-

ing, surgical guides, investment molds, and 

occlusal splints.

LightForce Orthodontics is a Cambridge, 

MA-based company that has developed and 

brought to market the world’s first custom-

izable 3D printed bracket system. LightForce 

brackets are 3D printed from ceramic poly-

crystalline alumina that closely resembles 

ceramic injection molded brackets. A key 

benefit of LightForce’s solution is that it 

requires less face-to-face time with the 

patient because fewer adjustment sessions 

are needed. LightForce recently raised $14 

million through a Series B financing round, 

which will enable it to scale its business.

Mogassam is a Delaware-based 3D print-

ing company that develops automatic DLP 

systems for dental applications. Mogas-

sam’s DentCase 3D printer is a user-friendly 

and accurate dental 3D printer supporting 

a full digital workflow. Its all-in-one auto-

matic setup integrates dental CAM software, 

accurate DLP 3D printing, smart automatic 

washing, and advanced post curing pro-

viding a reliable and convenient option for 

dental 3D printing.

Avinent Digital Health developed the AVI-

NENT Implant System which consists of 

products and tools for digital dentistry and 

craniomaxillofacial rehabilitation. Dental 

surgeons can use the solution to plan opera-

tions and virtually monitor the entire process. 

The company offers a 3D printing service for 

patient-specific surgical guides and anatom-

ical models, leveraging most polymer AM 

technologies (including PolyJet, SLS and SLA). 

Most recently AVINENT CAD CAM introduced 

direct metal 3D printing of dental to expand 

the range of fixed prostheses currently avail-

able in the market via its AURORA titanium 

structures and CoCr Sintering of LUNAR 

bridges and crowns.

Bego is a German manufacturer of prostho-

dontics and implants for the dental industry. 

The company, like other long-term play-

ers in dentistry, has become involved in 3D 

printing, even providing its own dental AM 

solution, the Varseo XS 3D printing system. 

Bego also recently partnered with Form-

labs to bring temporary and permanent 3D 

printed crowns and bridges to the market for 

dental applications.

3Shape tackles an important step in the 

dental 3D process: scanning. The company 

offers a range of scanning systems for dental 

applications, including intraoral scanners, lab 

scanners and a CBCT scanner. 3Shape Dental 

System delivers a full workflow and seam-

less connection between dental practices 

and dental labs. The latest software version 

2022.1 includes support for the open 3MF file 

standard, capturing both geometry and color 

information from the intraoral scans.

Taiwan-based Ackuretta Technologies is a 

manufacturer of professional DLP 3D printing 

solutions and resin materials that special-

izes in the dental market. The company’s 

open CURO range of resins is targeted at 

the dental industry and fulfills a range of 

applications, from impression trays, to tem-

porary crowns and bridges, to dental splints 

and more. The company also renewed its 

dental AM hardware offer to include the 

SOL and DENTIQ LCD dental 3D printers, 

CLEANI dual tank washer, CURIE UV oven and 

ALPHA AI software. ⬛
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