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QUIZ ARTICLE

By Jamie Stover, CDT

3D Printed Night Guards with

KeySplint Soft Resin;

The Game Changer for Labs, Clinicians and Patients

ur industry has seen many advancements in technology and materials that bring efficiency to production
methods and improve the level of patient care, but rarely does material development and cutting-edge
hardware/software meet perfectly at the intersection of patient needs and the unique demands the industry
is facing to truly be a transformative force. In this article the author will outline the benefits of Keystone's
KeySplint Soft resin for 3D printed fabrication of night guards and splints, including the production benefits and economic
impact for labs, and the benefits for clinicians and patients compared to traditional processed acrylic and thermoformed
prostheses. Technical material data and workflow will be covered, along with information and insight from industry

executives and lab owners/operators who have transformed their businesses with this exciting new application.
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Addressing a Need

The need for night guards and splints to protect
dentition from the damage caused by clenching and
grinding is not new, and the benefits of these appli-
ances are well known (Fig. 1). Ira Rosenau, President
of Keystone Dental Group, shared insight about the
research and development of KeySplint Soft resin.

“When Keystone started its 3D printing project
in 2016, we tried to assess which applications in
dentistry could benefit most from a unique 3D
printing resin,” said Rosenau. “A night guard resin
was one of the materials we quickly focused on for a
few reasons. First, there is a growing need for splint
therapies in the market. There is a considerable
portion of the population who suffer from bruxism
and jaw disorders like TM]J, all of whom absolutely
need an effective night guard to treat their condition.
Second, with the explosion in popularity of zirconia
restorations, and with the hardness of that material
and its potential to impact the opposing dentition,
protecting those teeth from potential damage with a
night guard is optimal.

“Third, the traditional manufacturing methods
were inefficient. Whether by hand-making hard
acrylic splints or thermoforming material over a
stone model, digital design and 3D printing would
be a significant advantage for labs or doctors
manufacturing protective devices. Fourth, and
perhaps most importantly, the existing traditional

Bruxing and TMJ Statistics

splint materials all suffered from deficits in providing
the required therapy. Most acrylic splints are very
hard, and prone to fractures or breakages. KeySplint
Soft was designed to address these deficits — a durable
material that is strong enough to withstand the forces
of bruxism, but with some added flexibility for better
patient comfort and better resistance to cracks and
brittle failures (Fig. 2).”

Few would argue that these are challenging
times and many people are experiencing the effects of
increased stress caused by the current state of world
affairs. Focusing the lens on dentistry in the fourth
quarter of 2020, clinicians report an increase in
stress-related oral health conditions among patients

Wear Expectancies for KeySplint™ Soft

* KeySplint Soft demonstrates good levels of abrasion resistance

* Study - Leinfelder method of measuring volume loss,
+ KeySplint Soft was subjected to 400,000 cycles

* Prior study of acrylic and thermoformed splint and night guard materials using the Leinfelder test

at 200,000 cycles

Material

KeySplint Soft (Tinted)
KeySplint Soft Clear for Carbon
iNterra Light-Cured Acrylic
Clear Splint Flex (Astron)
Raintree Essix Dual Laminate
Eclipse Resilient (Dentsply)
Eclipse Clear (Dentsply)
Keystone Ind, Pro-Form®
Lucitone® Clear Resin (Dentsply)
2mm Thermoformed Splint

Volume Loss

1.13 volume loss (mm3)
1.24 volume loss (mm3)
1.17 volume loss [mm3)
24.30 volume loss ([mm3)
3.30 volume loss (mm3)
1.27 volume loss (mm3)
0.11 volume loss (mm3)
1.59 volume loss (mm3)
35 volume loss {(mm3)
A3 volume loss (mm3)

Test Cycles
400,000

400,000
200,000
200,000
200,000
200,000
200,000
200,000
400,000
400,000
keystane
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Figure 1

Bruxism statistics
courtesy of KeyStone
Industries

Figure 2

Abrasion study using
Leinfelder method of
measuring volume loss,
courtesy of Keystone
Industries

1 Working with
Carbon and
the KeySplint Soft Clear
resin, we became one
of the first labs in North
America to directly 3D
print our nightguards.
This analog to digital
transformation resulted
in a very consistent and
predictable workflow
that is easy to scale.
Customers love our
3D printed Proflex
night guards, and end
users find them to be
comfortable, wear-
resistant, and highly
precise."

—Jeff Player,
Orthodontics -
Managing Partner,
Protec Dental
Laboratories




Compared to before the COVID-19 pandemic, how has the prevalence of the following
conditions changed among patients in your dental practice? (continued)

Insight: The majority of
Y oo coo
increases in stress-related
DR e/ heaith conditions since
m  the onset of the pandemic.
8  These include bruxism,

Chipped teath

chipped and cracked teeth,
TMD symptome — and TMD symptoms.

Caries 6.5%

Cracked teeth 6.6

More than a guarter of
Periodontal disease 2% dentists have also seen
increases in caries and
periodontal disease among
the patients in their
practices.

® Increased W@ Stayed about the same @ Decreased @ Mot sure

Figure 3 ) including bruxism, chipped and cracked teeth, and in the number of prescriptions for them. This can be
ﬁ:ﬁszu;\;z\tlr?;:ir;::: d TMD symptoms, since the onset of the pandemic “too much of a good thing” for labs producing these
AT (Fig. 3). appliances by traditional analog methods, however,
This means the need to protect dentition as this spike in demand can create workflow logjams.

from stress-related clenching and grinding and Traditional analog fabrication of night guards and

subsequent demand for night guards and bite splints splints is time consuming and labor intensive, which

is high, and many labs are experiencing an increase can choke production bandwidth. These laborious

fabrication steps can also translate to the Cost of
Goods Sold (COGS) being relatively high compared
to the average selling price, meaning for many labs
these appliances aren’t a high profit margin product
when fabricated by analog methods.

Figure 4
Atechnician uses
wax and a spatula to
fabricate a traditional
acrylic night guard.

Figure 5 Benefits for labs
Nakanishi Dental Lab"
CSGaSn;sm; faebnrizati?)ns Analog fabrication of a processed acrylic night

guard requires a skilled removable technician to com-
plete many hands-on steps at the bench (Fig. 4). Not
only is production inefficient, but there is a lot of
room for inaccuracies to creep into the process, such

times for Traditional
acrylic night guards and
KeySplint Soft Clear

COGS/Time Comparison as expansion issues with model stone and inconsistent
EOGE- TRABITIONAL ACEYLIC Vi KEVSPLINT | CARBON wax thickness, that affect the fit of the final prosthe—

sis. Robert Kreyer, CDT, the Director of Advanced
» Traditional Acrylic cost 362 Dentures and Implants at MicroDental Laboratories,

compares fabricating traditional acrylic night guards
versus KeySplint Soft Clear printed night guards.

= Hanas-on Labor. 15 hours _ hY “Dental orthotics such as occlusal splints,
: occlusal devices, and night guards have been part
of the removable prosthetic laboratory product
KeySplint Clear time: 25 hours it line for around 50 years,” said Kreyer. “They have
traditionally been made with a workflow that involves
many variables during duplication of master casts,

articulation, hand waxing, investing, and processing

Traditional Acrysc time & hours

= KeySplint Claar Cost: 517

Hands-on Labor: 30 mins

Dats courtery of Nakeniski Dental Leb, Bellevus WA
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Evolution

CURRENT NIGHTGUARD PFRODUCTION METHODS

TRADITIONAL THERMOFORM

Production labor reduced
Good abraskon resistancn
Fit consistency varies widaly
More elfficient prodistiion

Very labor intensive to produce
Vedy good sbvasion resistanie
Fit consistency varies widely
Inefficient production

acrylic resin. This traditional or analog workflow
is very labor intensive, thus increasing the cost to
manufacture. In my experience, an effective digital
workflow using Carbon and KeySplint Soft will save
a dental laboratory 90 minutes of labor time. This
includes creating a functional splint for anterior
or canine guidance and static flat plane designs.
KeySplint Soft is durable for functional designs while
providing a very comfortable and retentive fit”

Labs that have shifted to digital printed night
guard production using KeySplint Soft resin report,
on average, a 65 percent reduction in the labor
required to produce these appliances and also the
ability to scale production predictably, something
almost impossible when producing night guards
by hand with traditional methods (Fig. 5). Up to
ten night guards can print in around 1.5 hours on a
Carbon M2 printer, faster than producing traditional
acrylic splints by hand and also more efficient than
digital milled splints, which take over an hour per unit
to mill (Figs. 6-7). This dramatic reduction in COGS
provides labs with the opportunity to position printed
night guards at a lower price point while still offering
the traditional hand-crafted versions on their product
menu if they choose.

Kurtis Helm, owner of Helm Dental Lab, said,
“We used a small beta test group of clients to test the
KeySplint printed night guard and received their feed-
back, which was overwhelmingly positive, and then
added KeySplint to our product menu. This allowed
us to raise the price of our traditional night guards and
explain to our clients the need to do so to cover the
extra labor required to produce them by hand”

—

Figure 6
Options for
fabricating night
guards and splints

Figure 7
DIGITAL - MILLED DIGITAL — KEYSPLINT CLEAR A screenshot

of KeySplint
Production labar reduced Production labar reguced SOﬁ: Clear nlght
Wery good abrgsion resistance Very good abeaskon resistance .
Fit consistency varied Fit s very consistent guards nested in
Takes @ long time o mill one urit Wery efficient production the Carbon CAM

software

V/) he efficiencies realized in production by using KeySplint Soft Clear

have been dramatic. The positive impact for our clients is that they
are now receiving a superior printed product with the same and/or better
appliance performance than any product they were delivering to their
patients using analog methods and the fact that all appliances are now
reproducible with a simple call to the lab. Awesome doesn’t come close to
describing our experience!"

—Andre M. Theberge, RDT, CDT, AACD, General Manager, Drake
Precision Dental Lab

11 KeySpIint Soft Clear is a game-changer for 3D printing in the dental

industry. Printing these nightguards on our Carbon printers means
they are generating revenue to pay for themselves and more. We have and
still are converting analog dental clinicians to digital production and have
developed a highly efficient workflow, while reducing our labor and overall
Cost of Goods Sold to produce nightguards and splints. We have seen our
nightguard business grow by 300% with KeySplint Clear in 2020, even
through the COVID pandemic."

—Calvin Song, Vice President, CreoDent
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KeySplintSoft Clear Nightguard Fabrication KeySplint Soft Clear Nightguard Fabrication
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Figure 8

Impressions for KeySplint
Soft night guards can
originate from an 10S or a
traditional PVS impression

Figure 9

A Keysplint Soft night
guard is designed in
3Shape Splint Studio

Figure 10

KeySplint resin is
dispensed and the splints
are printed

Helm reports that KeySplint Soft Clear night
guard production now accounts for 80 percent of
all night guards produced at Helm Dental Lab,
and the lab has seen an increase in demand post-
COVID.

Another issue labs face when fabricating
traditional acrylic splints and night guards is the
shortage of experienced removable technicians in
the industry, with the majority of these technicians
and removable lab owners age 55 years or older and
many approaching retirement. Transitioning from
analog production to digital allows labs to mitigate

KeySplint Soft Clear Nightguard Fabrication

PEENT

11 eystone’s KeySplint Soft Clear resin is a paradigm shifter in
the dental industry. This is the first time we have been able to
get the clarity and performance out of a printed material that not just

rivals its predecessors but exceeds them in almost every metric. From a
performance standpoint, the KeySplint Soft Clear resin wears incredibly
well under occlusal load but is also comfortable enough to make the dual
hard/soft splints a product of the past. From a business perspective, 3D
printing splints will have an immediate positive impact on your bottom-
line. First resin | have felt comfortable putting our brand behind!"

— Chris Kabot, Vice President- Technology, R&D, The Aurum Group
& Core3dcentres
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this growing workforce shortfall by moving experi-
enced removable technicians from production roles at
the bench into roles as digital denture and night guard
designers/managers, technical consultants for dental
clients, and in-lab educators who share their valuable
knowledge to train the next generation of digital re-
movable technicians.

Workflow

KeySplint Soft resin is available in two iterations.
KeySplint Soft produces a tinted appliance available
for use on many 3D printers on the market, and
KeySplint Soft Clear produces a clear appliance and is
exclusively validated for use on Carbon printers.

Laboratory steps to produce a KeySplint Soft
night guard are very straightforward. The lab can
import an IOS file or use a 3D lab scanner to scan
a model or a PVS impression and then design the
appliance in 3Shape Splint Studio (3Shape.com) or
similar splint design software (Figs. 8-9). Some labs
choose to outsource the design step to providers such
as Evident (Evident.com), FullContour (FullContour.
com), or others either as an interim stage while
transitioning and training technicians on the digital
workflow or as their established protocol if they lack
in-house digital splint designers.

Rob Laizure, Jr, CEO of FullContour, said,
“Over the past year, FullContour has seen a significant
growth in CAD designed splints due to new 3D
printable materials”

Labs who would like to offer night guards to
their dental clients but lack the ability to print in-
house, or want to substantiate the business case before
investing in 3D printing technology, can send cases to
lab outsource providers such as Argen (Argen.com),
Core3dcentres (Core3d.com) and Aurora Digital
Technology Center (Auroradtc.com) and purchase
the printed splints directly from them.



KeySplint Soft Clear Nightguard Fabrication

BEMOVE FEOM BLELD PLATRORM

KeySplint Soft Clear Nightguard Fabrication ,I 2

Kg!.r_Spiint Soft Clear Nightguards
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Michael Clark, SVP Domestic Sales and Marketing
at Argen, said, “We have been experiencing an increase in
KeySplint Soft Clear units we are producing for labs each
day. Everybody at Argen is excited about the KeySplint
material and the benefits these night guards bring to
clinicians and patients”

Once the night guard is designed, the .stl file is
sent to the printer, arranged on the build platform
with supports, resin is dispensed, and the print cycle is
started (Fig. 10). When the printing cycle concludes,
the night guards are removed from the build platform
with a spatula, and the supports are separated in a quick

procedure which requires simply pulling the support Figure 11-13
material away from the splint. The splints are then placed The splints are removed from the build platform, the supports are removed, they are washed

twice in IPA for 3 minutes, the intaglio is swabbed and the parts air dry for 30 minutes
in isopropyl alcohol (IPA) and cleaned in two consecutive g § i

three-minute wash cycles on a shaker table, and the Figure 14-16
intaglio is swabbed with IPA to ensure all remaining The splints are cured in a UV cure unit under nitrogen for 30 minutes, and polished
resin is removed before allowing the splints to air dry according to the KeySplint polishing guide from Keystone Industries

for 30 minutes (Figs. 11-13). The remaining steps are a
30-minute UV cure cycle using nitrogen and then final KeySplint Soft Clear Nightguard Fabrication
polishing. Keystone provides a comprehensive finishing o

and polishing guide, which includes recommendations

for buffs, wheels, and polishing paste (Figs. 14-16).

KeySplint Soft Clear Nightguard Fabrication

FIMISHED

KeySplint Soft Clear Nightguard Fabrication
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11 Design-to-print
KeySplint is
a natural fit and flow
through our digital
driven laboratory.
It only continues to
grow our business.
Dentists, patients
and labs benefit with
FDA approved 3D
printed Keysplint Soft
mouthguards providing
patient comfort and
biocompatibility,
offering stiffness and
flexibility for dentists
and guaranteed fast
turnaround times for
labs. Finally, a superior
product that keeps our
clients and patients
happy!"

—Jeremy M.
Guidinger, Director
of Growth & Digital
Operations, VanHook
Dental Studio

Benefits for clinicians and patients

A major benefit for clinicians is that they do
not need to change their current impression and
bite record protocol to provide KeySplint Soft night
guards, as labs can work from either an IOS file or
a traditional PVS impression and bite registration.
The ability for labs to produce these appliances more
cost effectively and charge a lower retail price is also
a benefit to clinicians, as is the ability to produce
them quicker and deliver them to the patient faster.
The fact that the digital design record can be stored
by the lab for quick reproducibility if a night guard
is lost or damaged without starting over from a new
impression is a benefit for both patient and clinician,
eliminating the need for additional appointments and
saving clinical chair time. This is especially beneficial
with fewer patient visits being a priority during
COVID-19.

Another key benefit over traditional acrylic
splints is that improved fit is reported by both
dentists and patients. Although it is very durable
and has abrasion resistance comparable to a hard
acrylic appliance, patients and dentists report that the
KeySplint Soft material is more comfortable with a
soft, pliable feel, which improves patient compliance.
Rosenau discusses the material characteristics in
relation to the reports of comfort, fit, and positive
patient feedback.

He said, “KeySplint Soft utilizes high purity
chemistries, which are known to be less sensitizing
and more biocompatible than standard chemistries.
In every validated workflow, the KeySplint Soft device
has very little residual monomer or impurities (well
below the ISO 20795 requirements) and is tested to
confirm that it is not cytotoxic. The fracture resistance
of the material is between 45 and 48 joules per meter
on the IZOD notched impact test, which is nearly the
same impact strength of high-impact denture acrylics
like Diamond D (Keystone.com).

“This impact strength enhances its performance
as a night guard and the expected longevity of the
device. It has a very high flexural modulus and is
a unique 3D printing liquid in that its modulus at
room temperature changes once exposed to body
temperatures (37 degrees Celsius) or warm water. The

device softens a bit and becomes more flexible, thus
improving the fit in the patient’s mouth. Because of
this unique modulus change, the device is not painful
on the teeth like some very hard splint products, and
thereby, it improves patient compliance. It is more
comfortable, so patients are more likely to wear the
device for its intended treatment”

Night guards and splints that protect dentition
from the effects of bruxism improve the lives of the
patients who wear them. For clinicians and patients
this process yields a next-generation appliance that
can be produced quicker with a digital record for
hassle-free reproducibility, and with improved fit and
comfort for the user. When the benefits of a product
and positive impacts are shared by all involved in
a process such as this, it can truly be called a game
changer. JDT
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Receive .5 point documented scientific credit for passing a quiz about this article. To get the quiz go to www.nadl.org/jdt.
You can enter your answers to this quiz (course code #40271) at www.nadl.org/members/JDT/quizzes/index.cfm or fax
the completed quiz to (850) 222-0053. This quiz is provided to test the technician’s comprehension of the article’s content
and does not necessarily serve as an endorsement of the content by NADL or NBC.
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