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A Warm Welcome

There's a lot to smile about when talking about 3D printing and the
dental industry. The dental market was the first to truly utilize AM for
the production of end-use parts and today it is one of the segments
which has most broadly adopted the technology.

In this eBook, 3dpbm’s ninth, we look at how dental applications have
shaped the growth of AM and how 3D printing has played a disruptive
role in the emergence of digital dentistry.

Today, 3D printing is used by specialized dental manufacturers and
dental labs for many things, such as producing patient-specific
models based on intraoral scans, surgical guides, patterns and molds,
as well as orthodontic aligners, metal and ceramic implants and
more. In the following pages we zoom in on AM’s multi-billion-dollar
value in the dental market, take a look at a key application area, speak
to LightForce, a leader in 3D printed braces, and highlight many of
the influential players in the dental AM space. Read on for AM dental
insights that are sure to make you grin!

Tess Boissonneault
Editor in Chief, 3dpbm
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Analysis

$5.8 billion reasons
to smile

New and traditional dental AM applications mark
a turning point for mass production

by Davide Sher

% 3dpbm

3dpbm estimates that dental AM-related annual revenues have reached nearly $5.8 billion in 2020. (Image: Carbon).

According to a recent report by The Business
Research Company, the global dental services
market reached a value of nearly $436.2 billion

in 2018, having grown at a compound annual
growth rate (CAGR) of 7.4% since 2014. It is now
expected to grow at a CAGR of 9.6% to nearly
$629.3 billion by 2022. Dental AM specific
services are expected to represent a very small
percentage of this total, however this percentage
is expected to continue to grow significantly over
the next 5 years (see Figure 1).

Within this scenario—which is unlikely to be
overly affected by the ongoing COVID-19 crisis—
3dpbm estimates that dental AM-related annual
revenues (including dental AM hardware, dental
AM materials, dental AM software and dental AM
services) have reached $5.8 billion in 2020 (see
Figure 2). Of these revenues, roughly 60% are

expected to be generated by the value of dental
AM services and dental AM applications—such
as, primarily, directly and indirectly 3D printed
dental aligners.

Growth in the dental market is driven by
favorable government initiatives, aging
populations and emerging markets growth.
Factors that negatively affected growth in the
historic period were unqualified man power,
limited coverage for dental services and weak
wage growth in developed countries.

Going forward, rising demand for cosmetic
dentistry, growing dental tourism,

increasing popularity of franchise dentistry
and technological advances in digital
dentistry—including the impact of additive
manufacturing—will continue to drive growth.
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Figure 1

Dental AM Market Forecast ($US B) by AM Segment 2020-2025

Source: 3dpbm Research
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Dental AM Services vs. Dental Services 2020-2025
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Evolution of dental AM

The use of 3D printing in the dental field has
been around for over two decades and it is
now continuing to accelerate, sometimes
completely replacing subtractive production
methods, to produce dental prostheses more
quickly, more efficiently and at significantly
reduced costs. Digital scanners —including

all devices capable of producing DICOM data
such as CT scanners or MRI scanners —and 3D
printers have become just as indispensable to
dental professionals as traditional equipment.

Possibly the most common practice today is
indirect use of 3D printing to produce a pattern
for a cast from digitally acquired data. However
a more direct approach is the 3D printing of the
mold itself.

Dentists are now increasingly buying 3D

printers for office use, eliminating waiting times

and the costs of using external laboratories
when possible. All the most important
companies that operate in photopolymerization
3D printing (3D Systems, Stratasys, EnvisionTEC
and DWS) have set the dental segment a key
development segment.

The evolution of additive manufacturing in
dentistry and orthodontics leverages primarily
this now widespread family of AM processes
—including like vat polymerization, material
jetting and recently new layerless (continuous)
vat photopolymerization processes as well.
Today the dental industry is the first segment
that is using AM technologies for mass
customized production.

Dentistry requires customized crowns,
implants, dentures and appliances. 3D
printing’s strength lies in the production of

high-resolution, one-of-a-kind objects, where
cost is a relatively minor concern. Now it is
possible to take a contactless 3D scan of a
patient’s mouth as a prelude to crown, bridge
and denture fabrication. Dental clinics with
on-site 3D printers are able to provide dental
solutions to their patients in minutes or hours
rather than days or weeks.

AM processes are already employed to
produce everything from dental implant drill
guides to frameworks and copings. Even in
the metal segment, subtractive techniques

are increasingly challenged by new additive
manufacturing processes. The fabrication of
3D printed dental crowns used to be labor-
intensive, with CNC milling a key part of the
process. Today, 3D printing of crowns features
resolutions down to 10 microns, allowing for
smooth surfaces with minimal post-processing.
Using various metal PBF processes, including
both laser- and electron-beam-based
technologies, it is possible to print crowns from
cobalt-chrome and other alloys.

3D printing in dentistry is also poised to take
on serious reconstructive challenges. Just as
titanium cranial implants have been used in
reconstructive surgery for trauma and cancer
victims, it is possible to use 3D printing in
mandibular reconstruction and lower arch
implant rehabilitation.

Finally, by using 3D printing in dentistry it is
possible for clinics to fabricate custom night-
guards on-site in less than an hour. Similarly,
it is possible to quickly print clear aligners

and acrylic retainers using AM processes. This
is—ultimately—the true and definitive killer
application for dental AM and one of the most
important opportunities for AM companies in
general. ¢

AM Focus 2020 Dental AM / Analysis 9



% 3dpbm

Deep Dive

3D printing a

straighter smile

3D printing and the growth of mass

customized orthodontic aligners

The dental aligner market is worth over $2 billion, and 3D printing is playing an integral role in

the production of the corrective orthodontic devices. (Image: SprintRay).

No longer is it necessary to be saddled with
bracket and wire braces for consecutive years
in order to achieve a straighter smile: people
around the world can correct their teeth
alignment using customized clear aligners,
which are not only much more discrete, but can
be removed without professional intervention.
The growing adoption of clear aligners—the
market was reportedly worth over $2 billion

in 2019—is due in no small part to 3D printing,
a technology which has enabled orthodontic
labs and specialist companies to achieve
customization on a mass scale.

Clear aligners, the beginning
Though non-metal aligner systems for teeth

have been used to some extent since the
1940s, digitally driven clear aligner technology,

as we recognize it today, was pioneered

and popularized by two students from
Stanford University. In the late 1990s, these
students invented the Invisalign system, the
first solution of its kind to rely on a single
impression to create a series of digitally
modeled aligners.

Align Technology, the company behind
Invisalign, was for years the dominant player
in the clear aligner market. This dynamic
was upheld by the company’s many U.S.

and international patents, which prevented
competitors from gaining a significant
foothold in the digital dentistry subsegment.
When these patents started to expire,
however, new players burst onto the market
with clear aligner solutions that in some cases
were more affordable and efficient. This, in
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parallel, sparked the participation of many 3D
printing companies in the production of clear
aligners, often on a mass scale.

How do clear aligners actually work?

Today, people around the world use clear
aligner solutions for cosmetic orthodontic
correction. But before we dive into which 3D
printing companies are playing a key role in
the production of said orthodontic devices,
we want to first illustrate how the aligners
actually work.

In succinct terms, aligners are used as an
alternative to conventional orthodontic
braces—it should be noted that they are not
a suitable replacement in many cases—and
consist of clear plastic shells that fit over the
patient's teeth and move them incrementally
until the desired placement is obtained.
Unlike wire braces, aligners can be removed
by the wearer, making daily tasks like eating
and dental hygiene practices easier.

Clear aligners are customized to the patient
and are designed to be worn for up to

two weeks (variably) before a new, slightly
modified aligner replaces it. Typically,
patients will have their mouth digitally
captured either using an intraoral scanner
or a scan of a physical impression. This scan
data is then used to generate a 3D model
of the patient’s teeth, which forms the
basis for the alignment planning. A series
of aligners are then manufactured (using
various technologies, as we'll see), each
with a slightly different shape to gradually
straighten the teeth.

When worn, the clear aligners put
slight pressure on the teeth that need
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straightening, which triggers a response

from the jaw bone to move the tooth

socket. The alignment process is designed

to be comfortable for the wearer and is thus
incremental, very gradually shifting the teeth
in the mouth. If patients conform to wearing
their clear aligners for most of the day (roughly
22 hours per day), smile correction results can
be seen within a year in most cases.

Mass customization with 3D printing

So far, we haven't really addressed how

3D printing plays a role in clear aligner
manufacturing, but that doesn’'t mean

it isn't critical. Today, most if not all clear
aligner companies utilize 3D printing in the
production of the patient-specific dental
products. It has been a key enabler of
customization on a mass scale.

Interestingly, there isn't a dominant 3D
printing process for the production of clear
aligners, but the overall workflow is similar.
That is, whether a clear aligner company is
leveraging Stratasys PolyJet, HP Multi Jet
Fusion, DLP or SLA technologies, most utilize
3D printing to produce a model of the patient’s
teeth, rather than the final product itself. In
most cases, the 3D printed orthodontic model
undergoes thermoforming, a process in which
a transparent plastic sheet is heated to the
point of being pliable and is formed over the
mold to create a final product.

3D printing is presently the only
manufacturing process on the market

that is viable for the mass customization of
orthodontic aligners: other more traditional
manufacturing processes would be far too
costly. Further, 3D printing has enabled the
production of multiple aligner molds at once.

“3D printing is presently the only
manufacturing process on the market
viable for the mass customization of
orthodontic aligners.”

Key players in 3D printing orthodontic
aligners

In this segment, we'll begin by first looking at
one of the pioneers of digitally manufactured
clear aligners: Align Technology, the

company behind Invisalign. The company’s
technology of choice in the production of its
tooth-straightening products is 3D Systems’
stereolithography. The companies have been
partners from the get go, leveraging 3D
Systems’ 3D printing to produce custom molds
for aligners for over 5.8 million patients. As of
late 2018, Align Technology was operating an
end-to-end manufacturing workflow capable
of producing over 320,000 custom aligners per
day.

Another key player in the clear aligner market
is SmileDirectClub, a U.S.-based company
founded in 2014. The company is the leader

in the doctor-directed at-home clear aligner
industry, meaning that customers can either
have a 3D imaging session at one of the
company’s many SmileShops or they can use
an at-home kit to create intraoral impressions.
SmileDirectClub produces millions of custom
aligners for its clients around the world and
leverages HP's Multi Jet Fusion 3D printing

to achieve these rates. As of last year, the
teledentistry company was operating 49 MJF
systems to produce over 50,000 unigue mouth

molds a day—up to 12 million a year. Notably,
SmileDirectClub is the largest producer of
MJF 3D printed parts in the United States. The
companies are also establishing a recycling
program that transforms unused 3D material
and processed plastic mouth molds into
pellets for injection molding.

Stratasys' PolyJet 3D printing technology is
used by more than one orthodontic aligner
provider, including Straumann-owned
ClearCorrect LLC and DynaFlex. The former has
utilized Stratasys' Objet Eden500V 3D printer
since as early as 2015 to produce 100% of its
custom aligner models. DynaFlex, for its part,
is a Missouri-based specialist in orthodontics
which has sought to scale up its production

of clear aligners in recent years. Today, the
company operates a 3D printing center
equipped with several J700 dental 3D printers,
enabling it to scale manufacturing of the
models and realize on-demand production.
Stratasys' J700 solution is also employed by
Malaga-based Ortoplus for “out-of-the-box”
clear aligner production. On the other side

of the world in China, Hanyang Technology
produces custom orthodontic aligners using
EnvisionTEC DLP 3D printing. A range of
dental and orthodontic practices, including
Cranston Orthodontics, also use EnvisionTEC's
technology to produce clear aligners in house.
Other companies like Prodways and Formlabs
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have brought to market orthodontic aligner
solutions which can be implemented by
dental and orthodontic labs around the globe.

Prodways' solution was launched in 2019

and offers a modular, highly automated
process for producing dental aligners. That

is, to boost productivity for the dental aligner
market, Prodways combined its MOVINGLight
ProMaker L Series 3D printers with robotics
and automation technologies. Further, the
company partnered with a clear aligner
workflow software provider to integrate the
solution. Prodways’ modular system addresses
the entire production chain, from design, to
3D printing, to thermoforming, to packaging.
According to the company, its automated
production solution can produce over 2,000
clear aligners per day. Formlabs’ digital
dentistry solution is designed to be adopted

by dental and orthodontic labs and is based on
its Form 3B 3D printer. As of September 2020,
the company also introduced a large-format
dental 3D printer, the Form 3BL, with a build
volume of 335 x 200 x 300 mm.

Is the future direct?

Though the direct production of clear aligners
using 3D printing is not currently available, it
is being explored for the future. For instance,
Align Technology sees massive potential in the
direct production of 3D printed aligners and is
investing in their development. EnvisionTEC,
for its part, which has brought many dental
3D printing systems and materials to market,
actually unveiled a material for the direct 3D
printing of retaining aligners, E-Ortholign,
back in 2018 (at the time it was progressing
through regulatory approval processes).

EnvisionTEC is one of the companies whose dedicated dental 3D printing technologies
are being used by orthodontic aligner providers. (Image: EnvisionTEC).

RECENT EDITIONS

AUGUsT AM Service Bureaus

AM service bureaus play an integral role
in the AM industry. In this segment, we
showcase how they provide access to 3D
printed parts to those who may not have
the resources to install the technology,
and are well positioned to encourage AM
adoption across various industries.
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Mapping

30 dental 3D printing
companies you should
know about

A look at the big leaders and the smaller, still
influential players

3D System’s DMP Dental 100 system is capable of producing up to 90 metal crown copings in just four hours.

(Image: 3D Systems).

Dental AM Market Leaders

1. 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 thereafter 3D Systems
introduced the Figure 4 layerless high-
speed photopolymerization technology

in a dental configuration in 2018: The
NextDent 5100 dental printer—which was
the first launch in 3D Systems' latest Figure 4
program—represented a move which further
demonstrated the key role that dentistry is
playing in 3D Systems’ broader corporate
strategy.

2. Stratasys has also made significant moves
to regain ground in the dental 3D printing

space. This activity included the launch of two
new dental printing systems, the Objet260
Dental and the J720 Dental, both of which
utilize multi-material, color jetting technology
and a range of biocompatible materials.
Stratasys systems are used primarily for
advanced dental models.

3. EnvisionTEC has been recognized as a
leader in the dental market, but within the last
year its relevance in the dentistry AM segment
has increased further, especially among the
top tier dental AM labs.. In 2016, EnvisionTEC
introduced the first of its latest evolution

of photopolymerization technology, cDLM,
which is a high-speed photopolymerization
technology similar to other ‘continuous’
photopolymerization processes now entering

the dental space. EnvisionTEC recently
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Formlabs has brought a range of low-cost dental 3D printers to market that

are popular with dental laboratories and practitioners. (Image: Formlabs)

expanded the cDLM technology line even
further into its dental business, with four
dental-oriented cDLM printers.

4. Formlabs has been a major force in the
dental 3D printing industry since it began
offering a combination of its popular Form 2
laser-based photopolymerization system and
the Vertex DentalSG dental surgical guide
material. From this platform, Formlabs has
brought the low-cost dental printer market
into the forefront of the industry with success
both in the laboratory and dental practitioner
community. In under three years the company
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. Further, as of September 2020, the
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company introduced a large-format dental 3D
printer, the Form 3BL, with a build volume of
335 x 200 x 300 mm.

5. Digital Wax Systems (DWS) has always
made dental AM one of its key focus areas
through a wide family of 3D printers that
include the entry level XFAB 2500PD, the
high-resolutions 029D and the largest
production models in the XPRO family all
the way to the DFAB and LFAB dental lab
systems. DWS also develops a wide range of
dental-specific AM materials, including the
TEMPORIS Certified Biocompatible Material
for Restorations.

6. Prodways is a significant player in the
dental segment and has developed a range of
high resolution 3D printers, high performance

3D printing materials and services dedicated
to dental manufacturing. Prodways' expertise
and excellence in the dental segment can

be attributed to several partnerships with

the biggest names in the dental industry,
including Dreve, (fully owned) Deltamed and
DentoSmile and also with renowned dentists
and leading international 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
impression trays, removable partial dentures,
surgical guides, patterns for fixed prosthetics
(metal and pressed ceramics).

7. Carbon began by targeting mass
production applications in the automotive
and consumer products industries however
the dental segment has now become a
major focus area. The Silicon Valley company
markets the L1 Production Solution as a
transformative manufacturing platform for
producing clear aligner models. Built around
the L1 printer, it targets dental labs needing
high-volume model production for clear
aligner thermoforming. Carbon also released
the dental-specific resin, DPRIO, for dental
stone model and ortho model printing,
partnering with companies such as Dentsply
Sirona and others, to expand the range of
printable dental materials compatible with
Carbon systems.

8. Lithoz is the first of several ceramic vat
photopolymerization technology developers
to produce a specific system targeted at the
dental industry. The CeraFab 7500 Dental

is a further development of the CeraFab

7500, optimized for dental applications. The
system’s UHC vat (Ultra High Contrast system)
facilitates the manufacture of complex
geometries including ultra-thin occlusal
veneers, and edges can be produced to be

as thin as 100um. Lithoz direct ceramics AM
dental applications include fully anatomical
crowns for minimally invasive restorations
with veneers made of zirconia that now can
have wall thicknesses that were previously
unachievable. Other applications include
tooth implants with excellent surface quality
even without post-processing, using 3 Mol%
partially-stabilized zirconia (3Y-TZP). Also
biodegradable and biocinert ceramics for the
jawbone using combinations of high-strength
zirconia and bioresorbable beta-tricalcium
phosphate (B-TCP).

9. Structo began in 2012, at the National
University of Singapore (NUS) where a group
of engineers developed the first prototype of
MSLA technology to demonstrate lightning-
fast print speeds and scalability. Over the next
few years, the business has grown to become
a global organization that revolutionized

Lithoz's CeraFab 7500 Dental is a ceramic AM system
optimized for dental applications, including direct
printing of anatomical crowns and tooth implants.
(Image: Lithoz)
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the field of digital dentistry with higher
throughput and lower costs, all without
compromising on print quality. In 2020 the
company is launching a fully automated
robotic production line capable of printing
thousands of unique products per day with
minimal human interaction, and an all-in-
one solution + ecosystem that aims to bring
a gloves free 3D printing solution into the
orthodontist office.

10. GE Additive is one of the most widely
known metal AM companies in the world
through its Concept Laser and Arcam brands.
Both DMLM and EBM technologies are used
for production of metal 3D printed crowns
and implants.

11. XJet developed a unique process for
nanoparticle jetting of metal and ceramics
materials. However the company began
marketing its ceramics business and has
since entered the dental segment with
customers that include Oerlikon and
another Switzerland-based dental implant
manufacturer.

Massachusetts-based LightForce Orthodontics has
brought to market the first customizable 3D printed
bracket system. (Image: LightForce Orthodontics).

Next up*

12. SmileDirectClub is the leader in the
doctor-directed at-home clear aligner
industry, meaning that customers can

either have a 3D imaging session at one of
the company’s many SmileShops or they
can use an at-home Kit to create intraoral
impressions. SmileDirectClub produces
millions of custom aligners for its clients
around the world and leverages HP's Multi
Jet Fusion 3D printing to achieve these rates.
As of last year, the teledentistry company was
operating 49 MJF systems to produce over
50,000 unigue mouth molds a day—up to 12
million a year.

13. 365 Printing is a distributor of products to
the dental market specializing in EnvisionTEC
3D printers. The company, based in Norcross,
Georgia, says it is dedicated to delivering
in-office 3D printing system solutions and
support—, including a consultative clinical
approach—to dental professionals.

14. LightForce Orthodontics is a Cambridge,
MA-based company that has developed

and brought to market the world'’s first
customizable 3D printed bracket system.
LightForce brackets are 3D printed from

a ceramic material that closely resembles
ceramic injection molded brackets. One of
the key benefits 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.

15. Glidewell Laboratories, based in
California, is one of the world'’s biggest
producers of custom restorative services for

SmileDirectClub leverages HP's Multi Jet Fusion 3D printing to produce millions of

custom orthodontic aligners for its customers. (Image: SmileDirectClub).

the dental market. The company, founded in
1970 by Jim Glidewell, now uses 3D printing
regularly. Specifically, it leverages a fleet of
EnvisionTEC printers to create custom wax
patterns for dental prosthetics.

16. Oral3D has brought to market a plug-
and-play 3D printing solution for the dental
sector to simplify the process of converting
CT or intraoral scans into custom 3D printed
models. The company’s software and
extrusion-based hardware solution require
minimal technical knowledge and training,
making it an accessible option for dental labs
or offices.

17. Patterson is a value-added distributor
serving the dental health market. Patterson’s
Dental segment provides a virtually complete

range of consumable dental products,
equipment and software, turnkey digital
solutions and value-added services to dentists
and dental laboratories throughout North
America. Patterson Dental partnered with
SprintRay on a distribution agreement to
bring high-resolution desktop 3D printers,
resins and accessories to dental practitioners
throughout the United States and Canada.

18. Mogassam is a Delaware-based 3D
printing company that develops automatic
DLP systems for dental applications. With
its combination of DentCase hardware

and DentPrint software, Mogassam has
put a focus on automation to ensure that
dental labs are not overwhelmed with print
preparation and post-processing steps and
can achieve an efficient workflow.
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Arfona uses extrusion-based 3D printing to produce dental models,

impression trays, partial dentures and more. (Image: Arfona).

19. Keystone Industries has worked for over
a century in the dental industry providing
cutting edge solutions to its customers. In
recent years, the company has embraced
3D printing, bringing to market its KeyPrint
product line, comprising USA-made dental-
grade resins compatible with DLP 3D
printers. Keystone's materials are available
across North America and Europe.

20. AvaDent has brought to market

a digitally driven solution for denture
manufacturing. The company provides
easy-to-use digital denture software and
design services to dental professionals, so
prosthetics can be quickly manufactured
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through milling or 3D printing. AvaDent
has partnered with 3D printing companies
EnvisionTEC and Carbon.

21. Arfona is part of a niche segment in the
dental industry that leverages extrusion-
based 3D printing for the production of
models. The Brooklyn-based company is
specialized in the development of dental-
grade filaments for 3D printing partial
dentures, digital try-ins, study models,
custom impression trays and more. The
company has a selection of medical-grade
and non-medical grade AM filaments,
including Valplast (nylon), PMMA, PETG, PLA
and TPU.

22. Argen Corporation is a leading provider
of precious metal alloys for the dental market.
At the company’'s 40,000-square-foot facility
in San Diego, it undertakes alloy production,
argen refining and zirconia manufacturing.
The site also houses Argen Digital, which
comprises over 100 3D printing and milling
machines that run 24/7, six days a week.

23. Compass 3D is a Brazilian provider of
diagnostic and 3D planning services for
orthodontic aligners, as well as dental implant
guides and more. Today, the company

has over 15 solutions for orthodontics,
implantology, face surgery and prostheses,
many of which leverage 3D scanning and 3D
printing technologies.

24, Shapemode (Sisma) is an experienced
distributor in the AM sphere: having provided
prototyping, sales and assistance for DWS 3D
printers for many years. As of March 2020, the
Italian company has expanded its reach into
the dental sphere, partnering with Sisma to
distribute its Everes DLP technology-based
3D printers for the dental segment.

25. Avinent Digital Health, based in
Barcelona, developed the AVINENT Implant
System which consists of products and tools
for digital dentistry and craniomaxillofacial
rehabilitation. Dental surgeons can use the
solution to plan operations and virtually
monitor the entire process. The company also
offers a 3D printing service for patient-specific
surgical guides and anatomical models.

26. Bego is a German manufacturer of
prosthodontics and implants for the dental
industry. The company, like other long-term
players 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
Formlabs to bring temporary and permanent
3D printed crowns and bridges to market for
dental applications.

27. Dental Laboratory SMOP, powered

by Swissmeda, specializes in implant
technologies for dentistry. The Hamburg-
based company now uses PolyJet 3D printing
to achieve higher accuracy dental implant
guides. In the last six months, SMOP has
reportedly 3D printed over 11 thousand dental
templates at the Swissmeda Service Center.

28. 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
has over 1,500 employees across the globe
and serves over 100 countries with its dental
scanning and software solutions.

Shapemode is a major distributor of 3D printing systems
for the dental market, including Sisma's Everes DLP-
based printers. (Image: Sisma)
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29. Ackuretta Technologies , based in
Taiwan, is a manufacturer of professional

DLP 3D printing solutions and resin materials
that specializes 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 temporary crowns and bridges, to dental
splints and more. The company also has three
3D printer models on the market for dental
applications: FreeShape 120, Dipli and Ackuray.

30. Dental Printing Services is a Dutch
company that offers a variety of ISO certified
3D printing solutions for dental and medical
applications. The company works with
customers to deliver patient-specific 3D
printed surgical molds, crowns and bridges,
dental prostheses and other products within
a quick turnaround time. Dental Printing
Services also works with dental professionals
to help them set up their own 3D printing
facilities. ¢

Taiwan-based Ackuretta Technologies manufactures professional DLP printers
and open resins for the dental market. (Image: Ackuretta).
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Interview

LightForce Orthodontics:
ushering in a new era of
orthodontics

Following a $14M investment from Tyche Partners, Matrix
Partners and AM Ventures, we caught up with LightForce
Orthodontics Co-Founder and CEO Dr. Alfred Griffin.
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LightForce Orthodontics is pioneering a new age in orthodontic braces and it is relying on 3D printing to bring its

solutions to fruition. (Image: LightForce Orthodontics).

Orthodontic braces have come a long way
over the years, from early wire cribs used in the
1800s, to the full wrap-around braces that were
implemented until the 1970s, to traditional
metal and self-ligating braces that have

been broadly used since. Today, orthodontic
brackets are seeing even more improvements,
and it's unlikely the next generation will
experience the same orthodontic procedures
we did in our teens.

LightForce Orthodontics is one of the
companies pioneering a new age in
orthodontic braces and it is relying on 3D
printing to do so. Based in Cambridge,
Massachusetts, LightForce Orthodontics has
developed the world'’s first customizable 3D
printed bracket system, which is more efficient

than conventional bracket systems and
requires fewer in-person dental visits.

The innovative company, whose solution
combines 3D scanning, 3D printing and
dental-grade ceramics, recently raised $14
million through a Series B financing round,
reinforcing its influential position and the
promise of its unique offering. We spoke

to the co-founder and CEO of LightForce
Orthodontics, Dr. Alfred Griffin, to learn more
about the company’s vision for the future of
orthodontics.

3dpbm: Can you tell me a bit about how you

came to found LightForce Orthodontics and
how AM became involved?
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“We expect our manufacturing

and operations team to grow
fourfold in the next quarter.”

Dr. Alfred Griffin: | founded LightForce
Orthodontics because everything we use
in orthodontics should be customized—
including braces—and 3D printing is the
only way to make this possible. | come from
a dentistry background, my father is an
orthodontist and my mother is a dentist, so
thinking about teeth and helping patients
was a part of growing up.

After five years of extensive research and
development, LightForce launched its first
product to the orthodontic market: the
world’s first, and only, fully customized 3D
printed bracket system and digital treatment
software. Because everyone’s lips, jaws, teeth
and smile are individual, it's important to
customize the tools that impact a person’s
face. 3D printing provides the ideal solution
for patients as it allows for customizations
and uses modern technology to address an
age-old problem.

3dpbm: Can you explain how the brackets
are made?

AG: A LightForce patient will visit their
orthodontist, who takes scans of the patient’s
teeth to determine the best course of
treatment. Where our technology diverges is
when the orthodontist uploads the patient'’s

% 3dpbm

scan to our proprietary LightPlan software,
which enables the doctor to adjust the teeth
virtually to create a perfect smile and bite for
that unique patient, enabled by automatically
designed braces. Our software will then
generate bracket files to be printed at
LightForce's centralized manufacturing plant
in Cambridge, MA.

About a month later, the patient will come
back to their orthodontist to have their
LightForce braces installed. With LightForce,
patients see their orthodontists significantly
less often than with traditional braces. This is
because LightForce braces are customized
to each patients’ mouth, so the teeth take a
more direct path and fewer adjustment visits
are needed. We're also seeing that patients
who wear LightForce braces reach their end
goal faster, reducing the likelihood of dealing
with issues that might arise with longer
treatment times, meaning fewer side effects
such as poor hygiene or decalcification.

3dpbm: Where is your solution currently
offered?

AG: We are not yet global, but we are rapidly
expanding across the United States. We
look forward to bringing our technology to
patients around the world. Our vision for

global expansion is bolstered by our satellite
offices in Costa Rica, Ukraine and, in the near
future, we plan to open a larger home office in
Boston.

Today, we have hundreds of orthodontists
throughout the U.S. who are utilizing our
technology for their patients.

3dpbm: How will the recent $14M investment
shape the company’s future?

AG: We are seeing 3D printing’s rapid expansion
within dentistry, and our own company growth
tells me that LightForce has pinpointed a

true need within the orthodontic space: mass
customization with 3D printing. We will use this
latest round of funding to meet the growing
demand for 3D printed orthodontia tools. We
will also continue to invest in R&D to ensure we
are always working with the latest technology.

To meet our current demand, and to best
position ourselves for future growth, LightForce
is currently hiring for a variety of high-tech
positions. We expect our manufacturing and
operations team to grow fourfold in the next
quarter, and our engineering team should grow
by 30% by the end of the year. This workforce
expansion underscores the tremendous growth
opportunities LightForce expects from using
3D printing in the orthodontic field.

3dpbm: Looking at the orthodontic market
specifically, are there any other areas
where you believe 3D printing could be
transformative?

AG: We believe that there are many and that
eventually all orthodontic technologies will be
3D printed; our product roadmap reflects that
vision.

LightForce’s full offering

Today, LightForce offers a number of tailored
orthodontic solutions. They are:

Cloud Brackets: 3D printed braces made
from ceramic polycrystalline alumina, which
are available in 0.018", 0.020", and 0.022" slot
sizes and can be configured for 2-2 and 3-3
bidimensional use.

LightTray: customized indirect bonding tray
for LightForce braces, 3D printed from a
proprietary material optimized for bonding
accuracy,

TurboTrays: 3D printed bite turbos that help
correct bites, including fixing deep bites or
helping to avoid occlusal interferences.

All three product solutions are supported by
the company’s LightPlan treatment software,
which offers clinicians control over each step of
the treatment plan. The cloud-based platform
is developed to adapt the orthodontic device
to the patient’s tooth position, arch plane and
enables precise bracket placement. ¢

One of LightForce's 3D printed brackets, which can be
customized to the patient’'s mouth.
(Image: LightForce Orthodontics)
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