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Current state of computer-assisted dentistry

* Novel digital technologies continues to evolve rapidly

* Multiple advanced digital technologies for different purposes: e.g.,

e Customizing dento-orofacial devices, 3D- e.g., restorations (CEREC), orthodontic aligners
(Invisalign), implant components, endo-/exo-grafts auto-/allo-/xeno-, tissue scaffolding.

e Communication (“Smile-design”), Diagnostics (“TMJ-tracking”), Treatment interventions

e Open file formats enable data exchange between different digital tracking and recording
devices, CA design (CAD) softwares and CA manufacturing (CAM) devices.

* New additive and subtractive CAD-CAM technologies that enables the use of new injectable
and machinable biomaterials

* Challenges: Professionals need to adapt and assimilate best technologies and recognize their
strengths, limitations and benefits for all stakeholders. Which criteria to apply among:

1. the current spectrum of latest technologies
2. the novel biomaterials developed for CAM - which remain largely untested clinically

* Have we prepared wisely to address the two challenges and adopted the best technologies?



World-Renowned Scholar Joins

U of T's Faculty of Dentistry
R RELCEY 2005

Jokstad replaces the Chair’s inaugural
holder, retiring Professor George Zarb,
North America's foremost expert in
implant dentistry. Zarb's research and
innovative teaching programs for
Canadian dental faculty members

The long-standing
relationship between
the University of
Toronto and Nobel

Biocare has brought
Professor Asbjorm
Jokstad from the
University of Oslo,
Norway, to join U of
T’s Faculty of

initially brought Professor Per-Ingvar
Branemark, the founder of Nobel
Biocare and inventor of modern dental
implants, to work with U of T in the
early 1980s,

“We need to partner with universities

in Prosthodontics.

because we need the dental profession

‘The Chair, created
in 2004 through a
$2-million gift from
the Swedish-based

to tell us what patients need,” says
Heliane Canepa, president and CEO of
Nobel Bioc “We provide and the
dental profession, as the experts,

Left to right: Dat
Jokstand, David &

company, promaotes
significant
contributi

decides. Together we are strong!”

pside
end: Helian

o e PTOSthOdoNtics Clinic & Research CHALLENGES:
o cirloweae el oo No focus on all-ceramic prosthetics
No focus on CAD-CAM

No digital intraoral / desktop scanners
e Sole implant manufacturer use over 25 yrs.

Multiple rigid treatment dogmas

No implant surgery planning software

Very limited hard & softtissue grafting

* No established funding support

(1) IMPLEMENT NOVEL&DIVERSIFIED TREATMENT PRINCIPLES
(2) ACQUIRE «FAIL-FREE» DIGITAL TECHNOLOGIES &

(3) BREAK UP A BUSINESS PARTNERSHIP WITHOUT HURTING
ANYONE’S FEELINGS UNINTENTIONALLY

nepa

s scholarship.

scholars of the highest calibre to the
position, resulting in Jokstad's
recruitment. U of T is the only Canadii
university with endowed chairs in

dentistry, and the Faculty’s three such
positions attest to its perv,
commitment to researc eaching
excellence.

“Dr. Jokstad is among the most highly
regarded academic prosthodontists in
the world,” says Professor David Moc
Dean of Dentistry. “He is devoted to

improving the scientific basis for clinic
research and teaching in dentistry. His
skill in evidence-based dentistry and
o dental

applying electroni
education is a wel ddition to ou

already world-class faculty.”

20 alumni today winTer 2006

Prioritized acquisitions:
2006

@ Laptop computers for all residents

@ Simplant v.6 (Surgical guidance) (Materialise)
2008

MagnaVu & DVD (surgery operatory)
B iTero (10 impression) (Cadent) k=1

2010

lD81O desktop scanner (3Shape 9Diae USA

—~>Diadem Canada > Delivery 2011
2011

l Implant planning software for all residents

e co-Diagnostics (Straumann)

e Facilitate (Astra Tech)

* NobelClinician / Procera (Nobel Biocare)
l Navident (dynamic implant surgery navigation

prototypes (Claron) (project)
2012

@ iTero Laboratory (planning software) (Align)
l 3Shape Convince (metrology / QC) (project)
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for Implantology

Using intra oral scanning and
CAD-CAM technology to create
accurate and esthetic restorations

ITI Canadian Section Meeting, Moritreal
May 7, 2011

Future perspectives of
implant prosthetics

EAQ, Kobenhavn, 2012

Asbjern Jokstad
University of Toronto, Canada
& University of Tromse, Norway

ITI Education Week,
Bloorview-Macmillan Hospital,
Canada. Oct 28 2012 '_'
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Clinical and Experimental Dental Research
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Dentists and new digital appliances - to buy or delay until the

next model?

Three years after dental school graduation in 1979, | signed up for
graduate studies in information technology at the University of Oslo.
The impetus was the Morwegian success story variant of the Finnish
"MWokia" cell phone chrenicle: a company named *Norsk Data” who
managed for a short while in the 80ies to dominate the global market
for what was then termed *mini-computers”. The studies didn't secure
me 2 job in Morsk Data, but landed me instead at the Department of

semiconductors can be placed on an integrated electronic circuit every
second year. The effect is a continuous increase of the capacity of
microprocessors in terms of speed and memaory and invariably also in
better stability and lower price versus performance. The second is that
innovative software programs will harness these improvements in
performance. The net effect is that the product life cycle of a new
digital preduct is worryingly unknown, but is in general short-lived.

Asbjorn Jokstad
University of Toronto, Canada

ence. manufacturers choose dj

DOl 10.1002/cre2.66

EDITORIAL

Accuracy of digital appliances for use

WI LEY Clinical and Experimental Dental Research

n their R&D investments as

Adopting computer-assis
technologies

care

to be or not to be a

um of Oral Rehabilitation (CORE) August, 2016

PEXING UNIVERSITY
SCHOOL OF STOMATOLOGY

Digital prosthodontics — limitations

The world's largest dental fair, the Internationale Dental-Schau (IDS)
promoted as "The Greatest Dental Show on Earth” ended just a few
days ago in Cologne. The claim is probably true since this year, there
were 155.000 visitors over the 5 days that scrambled amongst the
2,305 exhibitors. As expected, the array of new equipment, tools,
materials, and appliances on display was daunting. A conspicuous ele-
ment was the presence of numerous digital hardware and software
technologies. The consequences of digitalization to compress work

Imagine that you have obtained a permanent parking space for
your car. Your spot is between two other cars in an area that is con-
fined by concrete walls. Thirty centimeters has been allotted on each
side of the cars for opening doors. Both your neighbors park their cars
consistently on the same spot every time, meaning that their parking is
“precise”. A few occasional deviations from their spot occur, and these
represent what are termed “random errors.” Unfortunately, you are a
bit annoyed because even if their parking is precise, the two cars are

prosthodontist of the future

EPA. 41st. Annual Conference,
Bucharest, Romania. 28 Sep 2017

Professor Asbjern Jokstad
UIT The Arctic University of Norway

and future of current concepts

Professor Asbjern Jokstad
UIT The Arctic University of Norway
Tromse, Norway
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Digital innovations for dental
clinicians

What are the likely successful
purchases today?

1. What should | acquire?
Why?

2. What should | not buy?
Why?



If you purchased a new digital technology
in 2013

Good investments, e.g.,

TRIOS 10 scanner (3Shape)
DWings EO scanner  (DentalWings/Straumann)
DentalCAD (Exocad)

Bad investments, e.g.,

Densys3D 10 scanner

Cldn3D I0-scanner

ShadePilot tooth-shade-matching

|Gl Surgical navigation system

Expert Ease implant planning software
DentCa CAM-dentures

3dMDVultus 3D facial scanning

DWOS Smile Maker

++++



in 2013

Good investments, e.g.,
* TRIOS 10 scanner
DWings EO scanner
DentalCAD

Bad investments, e.g.,

(3Shape)
(DentalWings/Straumann)
(Exocad)

Densys3D 10 scanner

Clon3D IO-scanner

ShadePilot tooth-shade-matching

IGI Surgical navigation system

Expert Ease implant planning software
DentCa CAM-dentures
3dMDVultus 3D facial scanning
DWOS Smile Maker

++++

3M Lava Ultimate CAM crown (3M ESPE)

¢ companies

10
Even mMa) nd may

If you purchased a new digital technology

3M Lava Ultimate Dental Crowns
Settlement—Updated

gamea
Settlement Structure: Claims Made F
ol
- J Lava™ Uit
_ A1-LT/4

Active: Closed
Closed Settlement Statement:

According to court documents, the claim submission deadline has
passed. Please contact the claims administrator if you have any questions.

Case Summary:

Update: The court has decided to extended the Supplemental Claim Period to December 8, 2020.
Claims may now be filed for debonds fixed between May 10, 2019 and September 7, 2020. A new
Supplemental Notice and Supplemental Claim Form will be distributed between September 7
and September 22, 2020. Note that the deadline for debond repairs that occurred earlier than
this period has now passed. For details, see the Supplemental Notice at the settlement website.

Original Settlement Summary: 3M is paying $32.5 million to settle a class action brought against
it by a group of dentists and dental practices. The complaint alleged that 3M's ESPE Lava Ultimate
CAD/CAM Restorative blocks, when made into dental crowns, had a much higher rate of

debonding than other crowns, due to the materials of the Lava Ultimate crowns.

Docket Number:
0:16-cv-01304

Company: 3M
Filing Deadline: December 8, 2020

Class Period: June 15, 2020




Considerations before purchasing a new digital technology

1. The existing scientific clinical documentation should be the major
consideration

Or-(]_]_ Rehahbilitation doi: 10.1111/joor.12483

fow 2017 44; 261-290

Review
Computer-assisted technologies used in oral rehabilitation
7 and the clinical documentation of alleged advantages — a

<1 1971 Intel 4004/ Texas Instrument TMS100 6000 . ®
1 1974  8bit.Cp/M (Commodore 64, Apple II) SYSKEH] atic review
5 1976  16bit; (Compagq, IBM PC); Intel 8088

(IBM (1881)) 5000 A.JOKSTAD Department of Clinical Dentistry, UiT The Arctic University of Norway, Tromse, Norway
12 1985 Intel 80386 32bit; Motorcla 68040

(Macintosh, Amiga, MeXT))
20 1989  Intel i486; Cyrix, Intel Pentium, Pentium | 4000

MMX = Pentium Pro
110 1994  |BM PowerPC B01 (Power Macintosh

8100 ) 3000
500 1997  IBM PowerPC 750 (iMac) 2000 é?
1400 2002 Intel Pentium Il (Celeron/Zeon) " <
3000 2001  IBM PowerPC950 (PowerPC G5) e
3800 2001  Intel Pentium 4 (Pentium M/D) 1000 e
3000 2003 AMD Athlon B4bit
3200 2005  AMD Athlon 64bit X2
..... ‘ceszzsse
5500 2013  IBM zEC12 PEREEERRR 25%

b - Innovators
Early Majority Late Majority Laggards
34% 3% 16%
Fig. 1. The clock rate of the central

processing unit in select computers.
Clock rate is the frequency of the
clock in any synchronous circuit.

5 categories of people with different levels of readiness for
adopting new innovations (acc. to Everett Rogers (1962))




Considerations before purchasing a new digital technology

Moore’s law: the number of transistors on integrated circuit chips doubles ~two years

1. Computers will continue to be faster and with lower cost per performance unit.
2. Innovative software algorithms will harness these improvements in performance.

Transistor count

2,600,000,000-
1,000,000,000

100,000,000
10,000,000
1,000,000
100,000

10,000

a00ze
2,300~ <on¢e, oAy

aaaaaa

T
1890

2000 2011
Graph from: Wikipedia




Moore’s law = Amazing display / demonstration on standard computers

Third Edition 1995

DIRECTORY
of Vendors:
Who's Who in High Te

wow!
..1996

THE HIGH TECH
OPERATORY:
Putting Computer
Power on the
Front Lines

STATE-OF-THE-ART

VIDEO IMAGING:
Yesterday, Today,
Tomorrow

KICKING & SCREAMIN
into the 21st Century

::L:;?::?';o:' and imaging, you'll have seamless compatibility with almost &ff practice management
software. Voice - activation and dozens of other faatures save etitical time and enargy. And
epacial on - sereen displays build confidence and enhance communication with your
patients. Leaving you free fo facus on one thing. Dantistry Best of all, INSIGHT can start
small with an affordable video camera and printing system, Then simply add PG -based
digital capabilities at any time 1o it the needs of your practice,

Yau've got the ploture. Now gat the details. Call 1 800 654-0200, INSI

1 Takes Insight To Bulld A Betler Practice



‘ Moore’s law = Amazing display / demonstration on computer screens

WOWw!
996

STATE-OF-THE-ART

saagec
fmiimes

-

-

Sirona, Germany

Digident, USA

DSD, Spain

DSS, Italy

EnvisionASmile,
USA

HackDental,
Rumania

Dental GPS,
Canada

Ormco, USA

Planmeca,
Finland

3Shape, Denmark

Tasty Tech,
Canada

Smile-Vision, USA

SNAP Imaging
Systems, USA



Moore’s law = Short depreciation time & decreased cost recovery period

Chromacan (Sterngold) m
2\ Castor (Nordmeditech)  ghadeEye (Shofu ) EX > NCC i
' Dental Color Analyzer(Wolf) TS

products
SpectraScan (PhotoResearch)
DigitalShadeGuide DSG4(A.Rieth)

dcm-ikam (DigitalcolorMeasurement)

ShadeScan(Cynovad)
ClearMatch(Clarity=>Smart Technology)

ShadeScanSystem(CortexMachia

ShadeVision (X-rite)=>Shade-Rite—> Colortron II=>Shade-X
iKam(Metalor)
Spectroshade(MHT) = SpectroshadeMicro

EasyShade(VITA)-> ...Compact—>...Advance > ...Advance 4.0

iDen  ShadePilot(Degudent)

CrystalEye(Olympus)
BeyondInsight(BeyondDental)

ZfX Shade(zZfX)

3Shape Trios

1990 1995 2000 2005 2010 2015 2020



MOORE’S LAW
APPLIED TO:

Per 2010 4 prOd UCtS (+E4D for intracoronal restorations)

Technology

Laser Triangulation

Improved ; LAVA COS (USA) p——
Workflow } (2004/2008)

Closed fil Open file
Lava S ; fo<r)rsneatsI : format

the mouth)

Cadent iTero (Israel)
(2006)

Hint-Els (Germany)
(2008)




MOORE’S LAW

- - 4 d
APPLIED 1. Intraoral scanning devices * new products/
.-E—m

—— — : Densys3D:

ﬁ / MIA3d (Israel)
l ﬂ - -
— K= CEREC Bluecam Clon: Intellidenta/

Improved [ 10 D1 s Clon3D:10DIS
Workflow , LAVA COS _ ] (USA)

Lava:

I /7 Cyrina

™ 3DProgress (Italy)

( Cyrtina. IntraOralScanner

—4______-_'/

3Shape: TRIOS /
(Dentaswiss)
(Denmark)

Hint-Els



http://www.clon3d.com/spectro-for-dentists/
http://www.cyrtina-shop.com/en/shop/intra-oral-scanner/60
http://densys3d.com/
http://www.3shapedental.com/restoration/dentist/digital-impression-taking.aspx

MOORE’S LAW
APPLIED TO:

Intraoral scanning devices

CEREC AC

Improved
Workflow

Fer
g

U

[ P o?
Deneal kmpressions Digrtally

3 new
products

=

>

i’

Zfks / Intrascan (Germany)

IOS: Fastscan USA


http://www.clon3d.com/spectro-for-dentists/

Intraoral scanning devices

Germany
GC, Belgium < 2016 a.tron 3D, Klagenfurt, Austria

Sirona Dental Systems, Germany
{rona Dental Systems, Germany

_Con Qr International, Belgium
_Carestre q Dental, USA

Dentitim rainbow iOS I Dentium, Kores

Detection Eve zirkonzahn, Italy

directsean N Hint-Els, Germany

DG Digimprint steinbichlerl Dental Wings, Canada €20T3Steinbichler, Germany
Intrascan Zix N 2 fx, Germany

Goldquadrat, Germany
Glidewell Laboratories, USA < 2015 I0S tethnologies,

EeroIEImERty/AteroNMMIIINN A lign Technology, USA-4 2011 Cadent, Israel
Kavollehos I KaVo, Germany € 2015 Ormco Corp>-Garmany

Organical ScaniOral S k7K CAD/CAM Technologie, German

_3M ESPE, USA € 2006 Brontes Technology (USA)

0
Plan E4D Tech, USA 1
Clon 3D / 10DIS / Intellidenta (USA?) 0
3
4

2020: 222 products

30
20 MOORE'S LAW
RULES!
10
0

123456

YET — technology still at its infancy?
* Movement (saliva flow)

e Direct vision required

* Full jaw (voxel size vs algorithm)

Future technologies combined with a
tomography technology?

i

Same content but different labels




MOORE’S LAW APPLIED TO:

Dynamic navigation dental implant surgery

1. Computer capacity is important
but at least important is:
SMARTEST SOFTWARE ALGORITHM

il

L |
Photo: Wanschitz ea
Clin Oral Implants Res 2002



MOORE’S LAW
APPLIED TO:

Adens-NAVI

AQ Navi Surgical
Navigation System

DENACAM

IGI-System (AKA DenX)

Inliant

IRIS-100 Implant Real-
time Imaging System
Navident

X-Guide Dynamic 3D

Navigation

Yet - another technology still at its infancy? ' '

Dynamic navigation dental implant surgery

U&I Adens Dental Clinic, Taiwan -

Taiwan Implant Technology
Company, Taiwan

Mininavident AG, Swtizerland

DenX Advanced Dental systems, Yes

Israel
BresMedical, Australia
Navigate Surgical Technologies

Technologies, Canada

EPED Incorporated, Taiwan

ClaroNav Inc., Canada

X-Nav Technologies, PA, USA




MOORE’S LAW Dynamic navigation dental implant surgery |

APPLIED TO: : :
Optoelectronic technology — Infra-red light
Active diode N~ 3 - OLD technology -~

k4 Algorithms maybe

IGI-System (2001)

Introduced Device
Passive reflectors : 2014 AQNavi Surgical Navigation

H Syst
. AQ Navi (2014) \J =
: |

2001 |GI-System (AKA DenX)
. IRIS-100 (2015) [’ 2016 ImplaNav
e ot T mem e

Yet - another technology

still at its infancy?
| A

Direct line-of-vision required
Interruption effects?




MOORE’S LAW Dynamic navigation dental implant surgery |
APPUERTO: Optoelectronic technology— optical light

yet - another technology

! hnology

otill at its infa ncy? ‘:\E;;,r:te;ms -
Blue light

Introduced Device

X-Nav (2014)

Polychromatic light | 2016 DENACAM

Navident (2014)

2015 Inliant

Inliant (2015)

2014 Navident

2014 X-Guide Dynamic 3D
Navigation .
Direct line-of-vision required

Interruption effects?

DENACAM (2016)



MOORE’S LAW Dynamic navigation dental implant surgery

APPHEDTO: Mechanical - haptic

Yet - another technology
still at its infancy?

r

For updates
or inquiries,
click here

ROBOT-ASSISTED
DENTAL IMPLANT
SURGERY IS HERE

Yomi® provides an unprecedented level of precision and

control.

WA RAN
| A T4 M|

Robot-Assisted Dental Surgery

Precisely Where You Want To Be




Considerations before purchasing a digital technology

1. The existing scientific clinical documentation should be the major consideration

Journal of

Surface/velume rendering Review
Technelogy
Acquisition

Data export format(s)

Scan items.

Fabrication process
Device

Prosthesis
Tissue-engineering
Manufacturing
Subtractive
Additive
Materials

Innovationsin

CAD-CAM A.JOKSTAD Depa

Jral Rehabilitation
om 2017 44; 261-290

doi: 10.1111/joor.12483

Computer-assisted technologies used in oral rehabilitation
and the clinical documentation of alleged advantages — a
systematic review

f Norway, Tromse, Norway

. technologies

Designing software

Data import/export

formats/formatting
Designing applications

Manufacturing software

Dataimport/export
formats/-formatting

Manufacturing applications

Fig. 4. Improvement in technologies vsed for CAD-CAM of

dental devices

e 225 commercial digital products
for use in oral rehabilitation

e ~% of the products described in
~350 scientific articles reporting
from clinical human studies

per NOV-

2016

Fig. 6. Milling machines described
in  advertisements for dental
professionals or described in the
dental research literature. Desktop
size machines can mill softer types
of materials, while heavy machines
can mill everything. Software
algorithms are required for materials
that are milled in a pre-sintered
state and subsequently undergo

shrinkage upon sintering.

Milling of
softer
materials

S

Separate
trim
polist

* roquired algorithms
to correct for shrinkage
orsintering during
sintering

< Wax <

we L
T

-

Desktop size
Amann Girrbach
B&D Dental
Biodenta Swiss
CAD BLu
Carestream
Degree of freedom
Degudent -Dentsply
Dernodental
Diasu
DT&Shop(Fino)
GACD

108

Jensen

Kavio

Kreos

Kutaz

MC-dental
PlanMeca

Reitel

Robocam
Shenzhen XTcera
fx

pmma/composite resin/sintered powder/alloys/etc.

Mid-size
Delcam
Dental Concept
Dental Plus
DentMaster

GC Corporation
ICM Otomasyon
Laserdentium
Lycodent

MB Maschinen
Noritake Dental
Riibeling
Schiitz

Upcera

vhf camfacture
Whitepeaks
Wieland

Xavex

Yena

Zirkonzahn

Large size

3M Espe LAVA
Charlyrobot
Datron

DMG MORI
Dyamach

Haas

Imes-icore
Intelitek

Isel

Mikron

R+K CAD/CAM Tech
Renishaw

Raders

Roland DG

Sauer
willemin-Macodel
Wissner

Witech SA

Milling of
all
materials

 —

Separate,
trim,
olist

= 2 HIPzirconia



Considerations before purchasing a digital technology

1. The existing scientific clinical documentation should be the major consideration

Given that several technologies seem comparable, other factors should be considered:

* |s the manufacturer represented locally and can be consulted easily?

e Can the manufacturer deliver required components timely and reliably in extraordinary situations?

* |s the manufacturer’s ethical reputation persuasive and their promotion exact, fair and comprehensive?
* Does the manufacturer provide service and training possibilities?

e Ease of use. Are the training requirements for using the digital technology intricate?

* |s the technology flexible to apply for a wide selection of alternative uses?

e Hardware stock inventory. Is it necessary to acquire an extensive supply of components to meet different
clinical treatment situations and thereby induce high inventory costs:

 Hardware engineering design. Since mechanical defects will occur sooner or later, are elaborate and/or
time-consuming tasks required to adjust or repair?

* Costs. The cost of the technology, the cost per usage / data export, costs per component, and the
course/training costs. "
i enal Comparable to

e The accumulated time required for chair-side adjustments and Journal considerations for
complications management needs to be considered, since such 2 implant produtcs &

. . . ) . manufacturers.
situations involves concerns such as patlent trust and opportumty costs (Jokstad et al. Int

P £cli DentJ 2003




Thank you for your kind attention

asbjorn.jokstad@uit.no
https://www.jokstad.net
UiT The Arctic University of Norway
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