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Datamaskin kapasitet | 1996

The clock rate is the frequency of the clock in any synchronous circuit, such as a central processing unit (CPU)

Klokkehastighet(MHz)

<1 1971 Intel 4004 / Texas Instrument TMS100

1 1974 Motorola / Intel8008 / ZilogZ80 8bit.Cp/M (Commodore 64, Apple II)
4.77 1976/8 Intel 8086 16bit; (Compaq, IBM PC) / Intel 8088 (IBM (1981))

8 1978 Motorola 68000 (Macintosh128k, Amigal000)

6 —-25 1982-85 Intel 80286 / DOS(1981) / IBM-AT (1984)
12 — 40 1985-90 Intel 80386 / 32bit; Motorola 68040 (Macintosh, Amiga, NeXT))
20 — 1001989-94 Intel i486; Cyrix
1993-95 Intel Pentium / Pentium MMX -> Pentium Pro
110 1994 IBM PowerPC 601 / Power Macintosh 8100
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< Minicomputers to PC - ”"""”""‘"_______________7__._;_7_‘.-_:.,_, T ‘
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From: www.old-computers.com/museum



http://www.old-computers.com/museum/default.asp

Datamaskin kapasitet 1 1996 og inovasjoner |
digitale teknologier innen odontologi

Klokkehastighet(MHZz)

<1 1971 Intel4004/ Texas Instrument TMS100

'\ The Microscope
KICKING 8 SCRI I
Digital Tools into the 215t Centu




teknologi-innovasjoner ~1996
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Take one patient through an exam with an INSIGHT system. and you'll und

by and naturally 1Lt inta your pr

technalogy into a total patient management s

L

any team member, anywhere in the practic

Chairside patient education / communication

PATIENT COMMUNICATION ||

rlll.F'hHﬂ ﬂn

Denllstry's finest
practice appreciation CD
is enhancing
Dr./Patient relations forever!

More than 70 impartant messages can

be selected and displayed to suit your practice.

Standardizes your message — releasing
staff For clinical support.

Reduces the necessity to sell. Increases

{he opportunity to Answer the questions

4hat generate treatment plans.

The most cost-effective multimedia delivery
system avallable.

Customized photography overlays (apclonall.
Networks with All multiple operatory
configurations.

Audio output to telephone-on-hold

Is Ideal for added value. {No Additional charge)

seatans |
rorma
b
Barrier

£

_“r_

portable wall-mount netwarked sy

refined the most advanced imaging

m of unparallele:

and capability. The oaly camera systerm with
a 0°and 90° - eliminating the need o changs lansas. Moabile cart-based and
make alactronic patient fi

With a PC and software for capture, charting

PhairTimn N

Dentusrry‘s premier
patient education CD
guarantees more successful
case presentations!

Crafted by dentlstry's most ‘in touch
multimedia develaper.

Your patient’s 'moment of decision’ deserves
ChairTime €5 — warthy of their trust In you.
Unmatched 3-D graphics and dentlscry's

best sclcetion of cosmetic befare/afters.
Your best 'retum-on-investment'

Interactive CD product — guarantead.

Will netwark with all multi-eperatory
configurations — computer and video.

d explains your mast

.
clinical concepts and treatment options.

5 disc €D changer and our technical assistance
helps you bulld your own custom €D library.

and imaging, you'll have seamless compatibility with almost alf practice mal

software. Voic:

vation anel dozens of other featuras s.

abilities at any time 1a it the needs of your pra

You'va gat the

@l
2e

MULTIMEDIA
CRESENTATION
SVS

ture. Now get the

Is. Call 1 800 654-0200 INSIGL-AEF

It Takes Insignt To Bulld A Bsttar Practice

"The program ripled my crown and bridge. doubled
removalile prosthodontics, inereased implants, cndodontics
and adult orthodonfics, rles B, TTanng, Jr., DM, D,

"Without even asking, the requests for cosmetic proccdures
have axed dramatically, " Thomas C, Streko, D.M.D

"The MulriMed
Stuart

i pid Fon frselFin st rwa weeks.

Implants™ Artificial Crown
-Implant Abutrment

] Bone
J Osseoinfegiation
' Bone Attaches

E= Directly to

= Implant

Call 1-800-967-8322 for a FREE
videotape or in-office demonstration.

i
I
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Every Practice Can Benefit From An Intraoral Camera..,

7 Out Of J{) Dentists Choose
AcuCam

Raren No. 1By Tue Narion's
LEADING INDEPENDENT

DENTAL RESEARCH INSTITUTIONS
o Fo A Bare Corvar Lt st Ress

Call today to lind out why AcuCam
outsells all of irs competitors combined

1-800-634-7349

INDLIS [,

VALUE -
at’s what you Iget from your
NTAL DEALER when you buy
VistaCam Intraoral Camera.”

zm than making out the check.As your full service
‘ networking neecs and after-sales support. | call it
ugh

A Thiis
Vil

Why not see the aew
VistaCam for yoursal

Call your Air Techaiquss
VistaCam dealer now amd
ask for o demonstration.

Trophy Makes The Products.
You Make The Decision.

EVEREST™* RVGSTV
gital Intraoral Camera (STV)

d markets intraoral camer: igital xray systenn
and iraifional intravral x i fact, Teaphy is the world leader in sales of both fimless
digital xeray systems (over 12,000 sold) and infraaral x-rays. You can purchase our
products sepaately or you ean combine Uhem into the most pawerlul digital
imaging system available foday...EVEREST ™, you.

Trophy Makes The Products. You Make The Dedsion.

|4
trophy
out more about us and our products call

ANN-RA2-1248




Datamaskin kapasitet | dag

Different benchmarking tests provide different performance indicator
Clock rate is no longer considered as a reliable benchmark since there are different instruction
set architectures & different microarchitectures — “MIPS” is more common)

<1 1971 4 bit MHz
1974 8bit 6000

4.77 1976 16bit

12 - 40 1985 32bit 5000

20—-100 1989-94 -> Pentium Pro

110 1994 IBM PowerPC 601 / Power Macintosh 8100 4000

500 1997 IBM PowerPC 750 (iMac)

1400 2002 Intel Pentium Il (Celeron/Zeon) 3000

3000 2001 IBM PowerPC950 (PowerPC Gb5) /
3800 2001 Intel Pentium 4 (Pentium M/D) 2000

3000 2003  AMD Athlon 64bit /
3200 2005  AMD Athlon 64bit X2 1000 J
5500 2013 IBM zEC12 0

1970
1976
1982
1998
1994
2000
2006

2013




Computer-assisted technologies in dentistry

3D Acquisition intraoral

3D Acquisition extraoral
->digital artikulator Digital camera/video +/-expert-

software (e.g. Velscope)

O O CbCT/MRI
[
Microscope
Cdatn |t NN e | “Se NETEL (www)
~>Big data Teledentistry
Patient education / Diagnosis
communication / CAD-CAM Clinical decision support
SOBE S|mulat|onv Surgery Medical device manufacturing
digital patient Guidance / Subtractive (Milling)
student training Navigation Additive (3D print / Stereolithography)




Computer performance today

Moore’s* law: The number of transistors in a dense integrated circuit

doubles approximately every two years

1. New microchips
are faster and have
lower cost per
performance unit

2. Innovative
software programs
that may harness the
Improvements

In performance

—> Digital devices with
better performance at
a lower price

(*Gordon Moore, co-founder of Intel)

Transistor count
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From: Wikipedia



https://en.wikipedia.org/wiki/Transistor
https://en.wikipedia.org/wiki/Integrated_circuit

Digital Electron Microscopes life range

SEM of Choice
for 31 Years

8251+

JeEOL %
10,000 Shipped ﬁ




Moore’s law & digital tooth shade acquisition

Chromacan (Sterngold)

Castor (Nordmeditech) ShadeEye (Shofu ) EX >NCC
Dental Color Analyzer(Wolf)

‘ SpectraScan (PhotoResearch)
¢t . DigitalShadeGuide DSG4(A.Rieth)
dcm-ikam (DigitalcolorMeasurement)
ShadeScan(Cynovad)
ClearMatch(Clarity-> Smart Technology)
ShadeScanSystem(CortexMachina) B %
ShadeVision (X-rite)-> Shade-Rite—>Colortron [I->Shade-X
»
iKam(Metalor) -
Spectroshade(MHT) = SpectroshadeMicro
EasyShade(VITA)->EasyshadeCompact->EasyshadeAdvance %
ﬁ iDentacolor lI(iDenta) '
ER‘ ShadePilot(Degudent) &
g { -
MOORE,S \—O\/ RUL I CrystalEye(Olympus)
. ~ BeyondIinsight(BeyondDental) %\j
F\ﬂ - ShadeWave
' 1
ZfX Shade(ZfX) <

1990 1995 2000 2005 2010 2015



The diffusion of Innovations

*People have different levels of readiness for adopting new
Innovations

*The characteristics of a product affect overall adoption

Individuals can be classified into five groups*

2.5%

Innovators Early

Adopters Early Majority Late Majority Laggards
13.5% 34% 34% 16%

*according to Everett Rogers (1962)




Are the early adopters like the first mouse
that try to eat the cheese In the trap? -1

15t generation two-piece impression
copings (PEEK) for digital
impressions of Straumann Implants

2008/20009:

protocol for digital
mpression of impla

RETURNED: Polyurethane model
— with no implant analogues!




Are the early adopters like the first mouse
that try to eat the cheese In the trap? -2

CLINICAL ORAL IMPLANTS RESEARCH 2015

Eszter Somogyi-Ganss Accuracy of a novel prototype dynamic wsers_ Ao
Howard I. Holmes S oeniogyi Canss et ali A cenracy:y Adapiers

Ashiom Jokstad computer-assisted surgery system

Authors' affillations: Key words: accuracy, computer aided, computer guided, dental implant, navigation, stati
Eszter Somogyi-Ganss, Discipline of uide, stereolithoaraphic quide

Prosthodontics, Faculty of Dentistry, University of g ! orap g

Toronte, Toronto, ON, Canada

Howard I. Holmes, Discipline of Oral and Abstract

Maxillofacial Surgery, Faculty of Dentistry,

University of Toronto, Toronto, ON, Canada Objectives: To implement and evaluate the accuracy of a prototype dynamic computer-assisted

Asbjom Jokstad, Discipline of Prosthodontics, surgery (CAS) system for implant osteotomy preparation and compare its accuracy vs. three

Faculty of Dentistry, University of Toronto, commercial static CAS systems and the use of an acrylic stent.

Toronto, ON, Canada Material and methods: Eigh di di ially ed I

Fm:ull:)' of Health Scimm, UiT The Arctic laterial and m 50 g t osteotomies were prepared in radiopagque partia y entulous

University of Norway, Tromss, Norway mandible and maxilla typodonts. After cone-beam CT acquisition, DICOM files were imported into
a prototype dynamic, and three static CAS systems (NobelClinician, Simplant, and CoDiagnostiX)

Corresponding author:
A.\b:e:ﬁz }nk.ﬁd Implant placements were planned to replicate the existing ostectomies and respective guides were

The top cross-hair guides
the tip p05|ﬁon and the
bottom one the dl‘llllng angle

/gu

In-vitro accuracy =/=
IN-Vivo accuracy




Dynamic Navigation
market 2017: 10 products

neocis
ROBOT-ASSISTED
DENTAL IMPLANT
SURGERY IS HERE

Yomi® provides an unprecedented level of precision and
control.

Robot-Assisted Dental Surgery
Precisely Where You Want To Be




Are the early adopters like the first mouse

that

try to eat the cheese in the trap? -3

25%

Innovators Early S :
Adoplers
135%

Perforated PMMA stent on
original stone model >
Intraoral scan (iTero)
->STL-file

+

Desktop scan (D810,
3Shape) of a cleaned FDP
->STL-file

= STL-files compared by
use of an industrial
metrological software
(Convince Premium, 50
3Shape)

A.00
3.50
300
250
Log

L50
Log

el Wt | | o p e o

0.50

Average Marginal Bone loss {mm)

H‘ill i
[EELLTE

.00
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CLINICAL ORAL IMPLANTS RESEARCH 2015

Asbjorn Jokstad New 3D technologies applied to assess

Babak Shokati the long-term clinical effects of misfit
of the full jaw fixed prosthesis on
dental implants

Authors' affiliations: Key words: 3D measurement, 3D scanner, intra-oral digital optical impression

Asbjorn Jokstad, Faculty of Dentistry, Discipline of

Prosthodontics, University of Toronto, Toronto,

ON, Canada Abstract

Asbjom Jokstad, Faculty of Health Sciences, UiT Objectives: To assess implant:suprastructure misfit in patients with an edentulous jaw restored by
};:;ﬁg:;;{:vziﬁ;LN&:?;}&O&;PT;?&Y an implant-retained fixed dental prosthesis (FDP) and its association with biologic and mechanical
Prosthodontics, University of Toronto, Toronto, adverse events over an pxtansivanarind

ON, Canada Material and methods: 240
Corresponding author: supported prosthetics b| y
Asbjorn Jokstad 6 implants to retain a F| P
Denartment of Clinical NentistryFacnlty of P A B S Y]
Ri= 00333 220
T
@ 3 = 200
=
* k7l .
. i S
B = 130 L
] L
. fe o s — 5 8 1
P T e e 5 t
5 ¥ : 2 160 ‘
5
+ * 2 * . | '
¥ 2 140
* ‘ * 3 b
(]
&
= 120 &
| 5 .
Y < 3
80 100 120 140 160 180 200 no bl :
100
L]
Avarage Suparstructure Misfit {um
80

FDPs 12-32 years (mean 19 yrs) My i
History of screw issues



Current computer- aided/-assisted tools and
concepts in prosthodontics

Patient administration Patient communication
Electronic charting—>“Big data” Visualization of procedures
Education digital treatment outcome

Student learning / assessment
Medical device* production

Patient management Shade-matching
Detect/diagnose pathology Designing “CAD”
Radiography / tomography Manufacturing “CAM”

Jaw-/TMJ-joint-tracking—>“digital *Intra- / Extra- -oral / -tissue /-tooth or
artikulator” | iInterface c.onstltu.ents

Decision support system (AKA Tissue-engineering constructs
expert system)

Treatment (surgery) planning
Surgery guidance (dynamic
/static)

Other applications
Quality assurance “Registration”
Tele-dentistry




Nye data-assisterte additive / subtraktive
produksjonsmetoder siden ~2016

Alternative produksjonsmetoder av orale proteser

)

Fysisk avtrykk av Konvensjonell Fullskala model
Objekt overflate — tann / laboratorie- fra fysisk
bitt prosess avtrykk

—

Konvensjonell
_ laboratorie
Virtuell avtrykk av CAM prosess prosess

overflate (tann / bitt / »
ansikt) og/eller kjerne . - Additiv

(kjeve / kj.ledd / hode) - Subtraktiv

/
+/- digital tomografi -
Q) CAD av virtuell CAM p_r c?sess FEE i
*Digital Imaging and protese . - Additive _individuelt
Communication in Medicine - Subtraktiv tilpasset objekt

CAD av virtuell implantatplassering (= kirurgisk skinne)

virtuell implantatplassering og protese tilpasset til tannimplant



Nye data-assisterte additive / subtraktive
produksjonsmetoder siden ~2016

Produksjon- —
prosessen Overflate /
olumgjenkjenning
Teknologi
Registrering
Data eksport format(er)
Scan gjenstander

Innovasjoner |
CAD-CAM
teknologier

Konstruksjon-
programvare

Produksjon
programvare



Intraoral overflate scanning far 2010

Improved
Workflow

Lava

'f:'CEREC

BlueCam

LAVA COS
(2008)

Laser Triangulation

Confocal lys

Cadent Itero
(2006)

Per 2010;
4 produkter
(+E4D)

Hint-EIs (2009)




~Intraoral overflate-scanning @889 == ¢
2010/2011: o Fiprmpeycmsne
-- 4 Nye produkter Densys3D: MIA3d
Iﬁ Clen
CEREC
T Bluecam [ ODI1S5S
Improved . I
Workflow - :
Lava LAVA COS Intellidenta/ CI6n3D: 10DIS

Cadent Itero

Hint-Els

3Shape: TRIOS /(Dentaswiss)



http://www.hintel.com/en/index.php
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

Intraoral overflate-scanning

— . 2012
- . 3nye produkter

Dental Impressior

MIAYE'" System . developed by a dentat for the dentiat

Clon:

Improved . i
Workflow . I O DI S

|

»
Cyrtina: IntraOralScanner IU

TRIOS - Diaital Impression Taking

directScan
It all starts with a good impression

n of the patienit's situation afier the
vouth by the dentist

n the patient!'s m

the elimination of faults of the impression
within the dental medical process

Hint-ELs directScan cioses the gap between the dentist and the
dental iaboratory using & Hint-El 8 system for production
Herety the company\'s philosophy that everybody should make TRIOS stafirier benehits and features
wihaf be was educated m and what he con do moest =

economically, is conseguently realized

The dentis! takes the virual impression (scans fhe shuafion in q

the mouth) | sshapes

Zfks / Intrascan

BLUESCAN-I INTRAORAL 3D SCANNER

|OS: Fastscan


http://www.zfx-dental.com/en/zfx-intrascan-0
http://www.a-tron3d.com/en/products/id-3d-intraoral-scanner.html
http://www.hintel.com/en/index.php
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
http://www.ios3d.com/dentist/ios-fastscan/camera-features.aspx

Product name Manufacturer
3D Progress MHT MHT (Medical High Technologies, Italy /
Switzerland

Aadva IOS € Bluescan-| €
a.tron 3D

Apollo DI Dental Systems, Germany
CEREC OmniCam / BlueCam Sirona Bental Systems, Germany
Condor Condor Intexpational, Belgium
CS3500/ CS3600 Carestream Dextal, USA
Dentium rainbow iOS Dentium, Korea

Detection Eye Zirkonzahn, Italy

directScan Hint-Els, Germany

DWIO < Diglmprint Steinbichler Dental Wings, Canada <2018 Steinbichler
IntraScan Zfx zfx, Germany

i/s/canoral Goldquadrat, Germany

|OS Fastscan Gli

technologies,

Itero Element / Itero Align Technology, USA < dent, Israel

Refs
#

o

OCOOHFOOOOONMN H

KaVo Lythos KaVo, Germany < 2015 Ormco Corp.
MIA3D Densys, Israel

Organical Scan Oral < R+KCADICAM Technologi

PlanScan € E4D Pl miand < 2015 E4D Tech, USA
Progress IODIS Clon 3D / 10DIS / Intellidenta (USA?)
TRIOS 3/ TRIOS Color / 3Shape, Denmark

Standard

True Definition Scanner € Lava 3M ESPE, USA < 2006 Brontes Technology
COS (Chairside Oral Scanner)

25
20
15

Intraoral surface scanning | 2017: 22 products+




Overflate/volum gjenkjenning - parametreij

Teknologi Intraoral Scan gjenstander
Overfate: Fhstraore Sitregisrerig
mekanisk-elektrisk |ntra.g ekstraoral  Tannmodell
+/-laser-justert Ul
optisk-struktur lys Ir;J I;?\\t/:tdistanse
optisk-laser/video Scan eksport Mopdel
optisk-laser- format

triangulering/konfokal Proteser

optisk konoskopisk “Apne system” formatOppvoksning

holografi Lukkede systemer

Refleks/opasitet
Overflatebehandling
Overflatesjikt

Volumetrisk:

Radio- tomografi
Magnetisk res. tomo.
Optisk koh. tomo.
Ultralyd tomografi

Unntatt DICOM*, finnes ikke ISO-standarder

Registrerin P, -
9 9 spesifikt til tannpleiepjgital Imaging and communications in Medicine



Innovasjoner | data-assisterte additive /
Subtraktive produksjonsmetoder siden ~2016

Overflate- / volum
gjenkjenning

Produksjon-

Prosessen

Innovasjoner |
CAD-CAM

\ teknologier
Produksjons-programvare

Konstruksjon- programvare

Data import/eksport formater/ - Data import/eksport
formattering r# formater / formattering
Produksjon-applikasjoner utforming applikasjoner




Data / fil / system -formater

Intraoral
overflate

Scan

Objekt
overflate
scan

Protese-
design

Statisk kirurgi-
guide design

\ Fabrikasjon

STL
.OBJ
AMF

DICOM*

*Digital Imaging and
Communications in

Medicine Implantat

planlegge

Dynamisk
(robot)
Kirurgi




Apne (data- / fil-) formatter (frie fiformater”)

STL (Standard Tessellation Lanquage)

e a format native to stereolitography and supported by several software
packages; it is widely used for rapid prototyping and computer-aided
production

» describes only the surface geometry of a three dimensional object with no
representation of color, texture or other common CAD model attributes

» describes a raw unstructured triangulated surface by the unit normal and
vertices of the triangles using a three-dimensional Cartesian coordinate
system

.OBJ (Object files)

* include surface texture/color, was developed originally for 3D graphics
animation applications
AMF (Additive Produksjon File)

« describe color, materials, lattices, and constellations of objects for additive
production processes (e.g., acellular scaffold production by printing)




Konstruksjon / Produksjon programvare - Parametre

Import & eksport format(er)

Apne system (.stl, .obj, .amf) Applikasjoner

CAD-CAM pakkede (Lukkede) Oppvoksning / temporaer
Inlay / Onlay

Single-enhet coping

krone / monolitisk krone

3 = 16enhet/ (4 =>7cm) bro

Top 3 O.S. markedsledere:

Avtakbar tannprotese(Partial /

sshape® Full)
exocad Implantat
& dental wings “customised”distanse | —_—
Implant-sup. meso-struktur | P Y o
Implant-sup. super-struktur (,_t_ ()/!




Innovasjoner | data-assisterte additive /
Subtraktive produksjonsmetoder siden ~2016

Produksjon-prosessen

Produksjon Overflate- /
Subtraktiv volumgjenkjenning
otsbyr Innovasjoner i
Protese
Vevsrekonstruksjo CAD-CAM

teknologier
Konstruksjon

programvare

Produksjon
programvare



Fresing — Fra 3->5->5+5 akser

https://youtu.be/vC7QDLoH-HA

Fresemaskiner har endret seg fra manuelle til mekaniske til
digitalt styrte vha s.k. computer numerical control (CNC).
Styringen endrer f.eks, moment, vinkler, bevegelses-hastighet
pa objektet, valg av borhode, osv.


https://youtu.be/vC7QDLoH-HA

Tannmodell

Model Produksjon
& articulation

.

Model digitalt
(scan)
. 4

d.a. konstruksjon

¥

Mill Blank

A 4

Sintring

¥
¥

Polish & prepare

for veneer

Subtraktiv produksjon

Desktop size, e.g.
Bien Air Biolase
Carestream Ceramill
CEREC Degudent
Degudent  Diasu
Flussfisch  10S

Ka\Vo Kreos
Kutaz Lyra

Planmeca Reitel
Robocam Roland
ZirkonZahn Zubler

Mid-size
CEREC
Charlyrobot
DentMaster
Dental Plus
Lycodent
Roland Noritake

Ribeling
Sisma

Upcera
VHF
Wieland
Yena Dent

™,

Heavy dut

Agie Charmilles
Datron Dent-Tech
DMG Dyamach

iICM Imes-lcore
Isel WA\V/:
Mikron Roland
Roders Sauer

WilleminMacodel
Wissner  Witech



Produksjonsmetoder - parametre

Additiv Produksjon

Laser sintering

Printing

Subtraktiv Produksjon
3/3.5/4/5/ 6-akses -fresing
med / uten

Sintrings-ovn

Utstyr

In-/Onlays/Veneers
Single-enhet copings

krones

monolitisk krones

3 2> 16enhet(/4 ->7cm)-FDPs
Implantatdistanses

Implantat bars / Meso-strukturs
(Endossous dental implants)
Surgical guidance stents

Partial / Full Removable Protese
Oppvoksnings / Provisionals / Splints

materialer - restaurerende
Base alloys

Gold alloys

Non-precious alloys
Titanium / - alloys

Composite plast
Casting plast / Waks
Polymers (PEEK, PMMA)

Hi/low-glass content keramer
Feldspathic

Glass-keramer, e.g., Li,Si,O¢
In-Ceram (Porous Alumina)
No glass content

Alumina (sintered)

Zirconia (porous/green state)
Zirconia (pre-sintered state)
Zirconia (sintered)

Zirconia (sintered & HIP-ed state)




Software algorithm compensation for errors
iIntroduced during milling processes

« Geometrical compensation

 Force compensation

 Thermal compensation

» Errors in the final dimensions of the machined part are determined by
the accuracy with which the commanded tool trajectory is followed,
combined with any deflections of the tool, parts/fixture, or machine
caused by the cutting forces

» The effect of geometric errors in the machine structure is determined by
the sophistication of the error compensation algorithms

* The cutting tools’ trajectories are subject to performance of the axis
drives and the quality of the control algorithms
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Additiv produksjon - teknologier

Mange betegnelser: 3D printing / Additive (freeform) manufacturing / Layered manufacturing /
Rapid prototyping, etc.

Vevsrekonstruksjon Oral protetikk

Solid friform Produksjon(SFF)* Anisotropic matriser | utstrakt bruk
Stereolitografi (SLA) Presisjon-matriser Semi-permanent
Powder-fusion printing (PFP) Stive matriser Eksperimentelt

Bioprinting (Laser/Inkjet/Extrusion) Celle-infusert matrise Blgtvev

Introdusert pa atti-tallet som rapid prototyping for a lage prototyper av deler uten & investere tid og penger i nye
maskiner.

*"Fused deposition modelling”, “Laminated object modelling”, “Direct Metal Printing”, “Selective laser sintering”, “Solid

ground curing”, “Robocasting”



Additiv produksjon - teknologier

Tannmodell

¥

Model Produksjon
& artikulasjon

Tannmodell scan

d.a. konstruksjon—
“virtuell wax”

Solidscape

‘ High Precision 3
§ FT
Sintre é%: 3DSIM
$
Separer & trim
¥

¥

Laser smelte /
sinter pulver

¥

¥

Polish & prepare
for veneer

Polish & preparer
for deck-keram




Additive Produksjoner | vevsoppbygging*

*Tissue Engineering

Curing laser or
light projection

Stereolitografisk printing teknikk
| | ¢ Eksempel pa vevsoppbyggingsmatrise
APENEE oo - | best&ende av.poly(d- lactic acid)

K Moon '-I-’ l ‘Hw A Powder-fusion printing teknikk
Powder distributor == 12 2 <) : Eksempel pé VeVSOppbyggingsmatnSe

e (1515024 bestaende av calcium fosfat=
Povirter S poly(hydroksybutyrat-kohydroksyvalerat,

Reservoir
Piston

Material feedstock

s S0 -Solid-friform-Produksjon
" Norzes —— I ' Eksempel pa
: 2omm vevsoppbyggingsmatrise
e besté’lenqle av poly(etylen
' glycol) diakrylat;, nanosilikater,

og alginat

Fra: Sears ea. Tissue Engineering, 2015



Stereolitografi

Metoden og apparater fremstiller solide objekter ved a lagvis
“trykke” tynne sjikt i et UV-polymeriserende material lag pa lag.
Den konsentrerte UV-lys-stralen fokuserer-pa overflaten i et kar
fyllt med flytende fotopolymer. Lysstralene tegner objektet pa
overflaten for a forme objektet som deretter senkes ett hakk ned

for deretter a gjenta prosessen
Objektet ma renses grundig etterpa, noe som er tidkrevende

Kirurgiske guider for
Implantater

Simplantat Surgiguide Nobelguide



Powder-fusion printing

Et material er deponert ved rom-temperatur i form av en flytende del eller
keramisk “suppe” -- Materialet blir deretter-herdet etter deponeringen

STL file from laser scan point cloud Contour offset filling Slice STL - perimeters/39 layers

D E

Contour filled (lower)
Calculate support structures

RESEARCH REPORTS
Biomaterials & Bioengineering
. Ebert' £, Oakol!, A Zeichner Direct Inkjet Printing of Dental

K. Uibel'2, O. We:\’ssg, U. Koops®*, X .
R. Tell!, and H. Fischer*” Prostheses Made of Zirconia

Fra: Silva ea. J Prosthodont 2011

INTRODUCTION

Tllc introduction of CAD/CAM milling systems in the dental field
Fire tal



mw‘ﬁf\orm-Produksjon

elter sammen sma partikler.
glasspulver til en 3-

e En hgy-energy-laser (f.eks CO2
Kan veere plastikk, metal, keramer e
dimensjonal form

o Laserstralen smelter selektivt overflate-laget av et pulverbasseng
fra et 3-D tverrsnitt

o Etter hvert niva senkes pulverbassenget ett hakk, det spresut et
nytt skikt med pulpver og prosessen gjentas.

Kroner/broer Partialprotese Implantat
Fra: Traini ea Dent Mater



mﬁsert kjeve-implantat laget
med SLS (2012)

TI6AI4V ELI (ekstra-lav interstitial) pulver
+ dekket av hydroksylapatitt

University Hasselt, ksios
Hogeschool, University Leuven
, Orbis Medisch Centrum
Sittard-Geleen, Belgium &
ksilloc medisinsk BV, Cam
Biokeramer BV, Nederland

Liz Nickels, Metal Powders Repa



Innovasjoner | data-assisterte additive /
subtraktive produksjonsmetoder ~2016 og senere

Produksjon-prosessen
Produksjon

Overflate- og
volumgjenkjenning

A Innovasjoner |
Vevsrekonstruksjon CAD-CAM

Konstruksjon-

Produksjon programvare

programvare

\ teknologier /




Photos Song et al. (2013)

Photos: Mahmood et al. (2015)
FPD substructure dimensions?

High )
Temperature  Light cured
Lava Ultimate VITA Enamic
Cerasmart Pl?llrzaﬂ)%m
Shofu block-HC
Polymer-

P I infiltrated
Ceramic
O ymers Network

(PICN)

. ) . . AllZr-
Feldspatic Mica Leucite Li-Ox Infiltrate

Glassy Ceramics

Monolithic Veneer

- PSZ Ce q ;
Aluminium Mg Yt 3Y-TZP Zirconia

Poly-crystalline



Zirkonium-oksider til fresing er ikke identiske! 1/3

%

TZP* ZrO, [ Y,0, 95/5

TZP-A ZrO, [ Y,04/ Al,O, ~95/~5/0.25
FSZ ZrO, [ Y,0, 90/10

PSZ ZrO, [ MgO 96.5/3.5

ATZ ZrO, [ Al,O5/Y,0, 716/20/4

Stor variasjon mht:

Hardhet Frakturmotsand Kornstgrrelse
Strekk-styrke Elastisitetsmodul Opasitet
Sintringstid

Hvem tror du sjekker:
Dekk-protese-kompatibilet?
Optimal kjerne-dekkprotese tykkelser?

*TZP=(Tetragonal zirconia polykrystaller)



Zirkonium-oksider til fresing er ikke identiske! 2/3

Isostatic Uniaxial
pressing technigue pressing technigue
Powder |sostatisk
x 2 - =
[sostatic pressing Uniaxial pressing
. - - - -
Partielt - -
sintret TR UniakSiaI
- = 4 -
Final sintering : Pre-sintering ! Final sintering | Pre-sintering
- L J-
HIP HIP ]
pracess pocess — —=___ (HIP prosess: Hot Isostatic Post
B L sammenpressing)
Oxidizing Oxidizing
2 . = Sluttsintring: ~1350°C (cercon) -
CAD/CAM machining in the dental laboratory 1500°C (lava) -1530°C (V|ta)
4
Final sintering Final sintering Pé.Virker kornStﬂrrelsen9
. =

translusens (& klinisk
| hAaldlharkhatD)

Processing by the dental technician



Zirkonium-oksider til fresing er ikke identiske! 3/3

1730 4

iﬁd .

3 punkt 71 punkt biaksial
bayestyrke -test

-l

Flexural Strength (MPa)

AT

U Zicoia C Z D CZzD CZD CZD ZD CzD
d d Treatment before after before after efore afte
‘ \j Test Method Bizxial 3-point 4-point
@) O

* tarrpolert far sintring eller
vat-polert far sintring

Fracture toughness _kan
vaere en bedre prediktor

Fra: Schatz ea Materials 2016
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Datamaskin kapasitet | fremtiden

\
\IQORE'S LOV RULER

Digital devices will likely continue
to be faster and with lower cost

per performance unit; and
Innovative software programs will
harness these imptovements in
performance. @

The www of Internet will likely
continue to be commercialized,
driving oth vices to VPN-like

solutions. @

Microprocessor Transistor Counts 1971-2011 & Moore's Law

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

100,000,000+

10,000,0004

1,000,000

Transistor count

100,000

10,000

2008@ ‘@ MOS 8502
2,300~  so04e Rea e

1971 1980 1590 2000 2011

Moore’s law: the number of
transistors in a dense integrated
circuit doubles approximately every
two years



https://en.wikipedia.org/wiki/Transistor
https://en.wikipedia.org/wiki/Integrated_circuit

Digital Motion Capture System
+ ElectroMyoGraphy (EMG) | gsgomc

Systems, Inc.
Graphic controller
2XIR cameras - 40Hz EMG Analogue x-y & y-z

video screens
-' Calibration frame for

¥ 3D recording -

-_ Fiducial markers
71— (IR reflectors)

MacReflex software:

- Triangulation of centre
points (40 Hz)
Maclntosh computer



Digital Motion Capture System - chewing

Chewing Movements in

TMD Patients and a Control Una Soboleva, DDS, MSc®
G Bef d After U Asbjorn Jokstad, LDS, Dr Odont
roup be oreﬁqn . € .Se Thomas Eckersberg, LDS, MSc®
of a Stabilization Splint Bjern L. Dahl, LDS, Dr Odont?

Purpose: This study assessed the effect of using an occlusal stabilization splint in the maxilla for 6
weeks on certain parameters of chewing movements in subjects with and without
temporomandibular disorder symptoms. Materials and Methods: Twelve male and 30 female
temporomandibular disorder patients with and without a prior whiplash incidence, and individuals
without signs and symptoms of temporomandibular disorders participated. The participants formed
three groups matched according to gender and age (n =3 X 14). A maxillary stabilization splint was
used during sleep for 6 weeks. An optoelectronic system (MacReflex, Qualisys) was used to record
chewing movements at baseline, before using the splint, and after 6-weeks’ use of the splint.
Calculated parameters were the duration of the chewing cycles, the spatial displacement, and the
mean velocity of the mandible while chewing paraftin wax for 20 seconds. Results: Cn a group
basis, the use of an occlusal stabilization splint for & weeks did not change the jaw movement

parameters in a predictable pattern as recorded under the conditions of this study. On an M—
intraindividual basis, large variations in changes of chewing parameters over time were observed. i REEE i\ ‘ ﬂ_\\ ﬁ
Conclusion: The use of an occlusal stabilization splint for 6 weeks did not alter the jaw movements e -\
when chewing a substance with a soft consistency. Int J Prosthodont 1998;117:158-164. < N

Maximum intercuspation I
Occluding phase

/
)

Opening phase

Closing phase : \( <

J ideal versus reality:

.00 -142.00 -140.00 -13B.00 -126.00 -134.00 -132.00 -430.00

He S NM na s HE e M e s

5. vhew i millimeters



http://www.qualisys.com/default.asp
http://www.qualisys.com/default.asp

Digital Motion Capture Systems in the 90’ies

put =V isuALID BASIC/RT

5 Automatic or manual event detection
{automatic requires force plates)

40 Hz

QUALISYS

|||||| Caplure Systems

. ..afewyears
- later...
B 200 Hz



http://www.youtube.com/watch?v=wtWliY1yQXY&feature=related

Digital motion capture systems & oral dyskinesi

fo )

\/
HEL S I 5%
¢ i Rl L0
N8 Be Y EE o
FE | . il e Y SRR
1990’ies: 3 dim., 40 Hz | dag: Multi-dimensional
- 4000Hz

Far: 2 dim. o
Neuromedisin
Sensors 2015, 15.21710-21745 doi:10.3390/5150921710
(11 M. m
MoCap”: Is .
Sensors
ISSN 1424-8220
u S e d www.mdpi.comy Jouninl?sensms
extensively in
. y Technologies for Assessment of Motor Disorders in
f| | ms and Parkinson’s Disease: A Review

cartoons; e.g.,
Avatar, Planet
of the apes, etc.

Qi Wei Oung '*, Hariharan Muthusamy !, Hoi Leong Lee !, Shafriza Nisha Basah ',
Sazali Yaacob 2, M i : LUSLHR |

Research Article

Face-Referenced Measurement of Perioral
Stiffness and Speech Kinematics

in Parkinson’s Disease

Shin Ying Chu,? Steven M. Barlow,” and Jaehoon Lee®



https://www.google.com/search?q=%22motion+capture%22+jaw&biw=1920&bih=1031&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj4iJOJ6uDNAhVkD5oKHSjHD_wQ_AUIBigB

The pace of technological developments
compress the learning curve time for

e operating new devices for surface or volumetric
rendering

 mastering CA designing software

* handling CA manufacture numerical control
programs

 controlling new additive and subtractive
manufacturing technologies

 optimal handling of new CAD-CAM-biomaterials

- Brokers & “bundle package industries” @



Patient

Dental

Dentist Technician

Prosthesis | Biomaterial g Fabrication
designing selection process




Patient

Prosthesis J Biomaterial l§ Fabrication
designing selection process




Medical device customised for your patient

ESSENTIAL: o Example, Customized
1. Itis always a responsibility abutments with CAM

of a doctor to maintain the
control of the choice of
biomaterial and chain of
fabrication method

2. The choice of biomaterial and
CAM method may not be
compatible — time will tell

3. Stay with a validated concept
or upgrade your knowledge @ e ba
about properties of new —

_ Who decides ;/.vhether the
material & new CAM methods interface is in ceramic or metal?

The clinician or the CAM owner?




Digital totalplanlegging finnes allerede

-

in exclusive 30 face photo

l of our 3D X-ray units. This
system produces a realistic
'Timage in a single imaging
1ke a separate 30 face photo
' patient to any radiation.

The world’s first
X-ray integrated
face camera

cein3D Safer and faster facial surgery

iagnostic needs of today's The 3D photo visualises soft tissue in relation to dentine

Is, Planmeca ProFace® is and facial bones. As both a CEBCT image and a 30 photo are
tive planning and treatment generated in one imaging session, the patient position, facial
motivation and for sharing expression, and muscle position remain unchanged —resulting

in images that are perfectly compatible.

Careful pre-operative planning —where you can study the facial
anatomy thoroughly using our Planmaca Romexis® software

Planmeca Cerec4.2(Sirona) 3dMDvultus

Conebeam RXx \ v \
Facial scan \ \



Intel RealSense 3D

$99

*Mesh Quality — 4/5:

The mesh quality is really
good. Dense and
detailed.

sTexture Quality — 2/5:
Texture quality is quite
poor, the resolution of the
sensor being limited to
640 x 480.

Synthesis: The 3D scans
took a very long time to
obtain. A decent result at
an affordable price,
however necessitates a
lot of practice to get good
results

Intel on Amazon

Shining 3D EinScan-Pro
$3,999

*Mesh Quality — 4/5:
High mesh quality, hair
tends to degrade the
performance.

sTexture Quality — 4/5:
Good sensor quality.
However the color
module is in option and
costs an extra $700.

Synthesis: the scan

process takes some time.

The Einscan-pro is not
specifically designed for
face scanning but is a
very versatile portable
scanner.

Fuel3D SCANIFY
$1,500

* Mesh Quality — 3/5:
The mesh is really good
in the center, the cheeks
have less details and are
more approximate.

* Texture Quality — 5/5:
Excellent quality of the
textures due to the
technology and high

resolution of the cameras.

Synthesis: Fuel3D
SCANIFY delivers an
excellent performance.
The capture is
instantaneous and the
user can even keep his
eyes open. The marker is
the only constraint

Artec Space Spider —
$27,600

*Mesh Quality — 5/5:
Excellent mesh resolution
and accuracy.

sTexture Quality — 5/5:
Texture is very detailed
and high resolution. Colors
are less realistic compared
to the SCANIFY. (Example
IS not very good as it is a
picture of t computer
screen.)

Synthesis: A product made
for metrology and reverse
engineering but capable of
producing amazing face
3D scans. Its price puts it
in an entirely different

category. .
gory From: aniwaa.com


https://www.amazon.com/dp/B018FZTTRG/ref=pd_va_rv_0

Digital totalplanlegging finnes allerede
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in exclusive 30 face photo

l of our 3D X-ray units. This
system produces a realistic
'Timage in a single imaging
1ke a separate 30 face photo
' patient to any radiation.

The world’s first
X-ray integrated
face camera

cein3D Safer and faster facial surgery

iagnostic needs of today's The 3D photo visualises soft tissue in relation to dentine

Is, Planmeca ProFace® is and facial bones. As both a CEBCT image and a 30 photo are
tive planning and treatment generated in one imaging session, the patient position, facial
motivation and for sharing expression, and muscle position remain unchanged —resulting

in images that are perfectly compatible.

Careful pre-operative planning —where you can study the facial
anatomy thoroughly using our Planmaca Romexis® software

Planmeca Cerec4.2(Sirona) 3dMDvultus

Conebeam RXx \ v \
Facial scan \ \
Jaw tracking v v



Kjeveledd bevegelse% (dlgltal) artikulator

WinJaw (Zebris) JMA20 MyotronICS

"} ARCUSdigma Il (Kavo) Ultrasound

" Axioquick Recorder (SAM) Opto-electronic

Cadiax



http://www.zebris.de/english/zahnmedizin/zahnmedizin-kiefergelenkanalyse.php?navanchor=10017
http://www.kavo.com/en/arcusdigma/arcusdigma-supports-therapy-diagnosis
http://www.axioquick.de/images/AQR_Manual_English.pdf
http://www.orange-dental.de/images/orangedental/01_Englisch/brochures/Freecorder-EN-web.pdf
http://www.myotronics.com/pdf/K7%20Brochure%2004_2010.pdf

Digitale artikulatorer erstatter kanskje
mekaniske | vanskellge behandlingskasus

{ Real- tlmeJaw movement —in 3D
© 4 -

‘ !

_ —
= 4

* TREATMENT : Analyze
PLAN - Jaw Motion

i =
*am

Sirona Scicat Planmeca Romexis
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in exclusive 30 face photo

l of our 3D X-ray units. This
system produces a realistic
'Timage in a single imaging
1ke a separate 30 face photo
' patient to any radiation.

The world’s first
X-ray integrated
face camera

cein3D Safer and faster facial surgery

iagnostic needs of today's The 3D photo visualises soft tissue in relation to dentine

Is, Planmeca ProFace® is and facial bones. As both a CEBCT image and a 30 photo are
tive planning and treatment generated in one imaging session, the patient position, facial
motivation and for sharing expression, and muscle position remain unchanged —resulting

in images that are perfectly compatible.

Careful pre-operative planning —where you can study the facial
anatomy thoroughly using our Planmaca Romexis® software

Planmeca Cerec4.2(Sirona) 3dMDvultus

Conebeam RXx \ v \
Facial scan \ \
Jaw tracking v v

Smile design v



Innovasjoner | 2018 kontra 19967

i g

zou |‘§et from your
LER when you buy

il
|

Intraoral Camera.”

Il
i

Digitized intraoral camera s
~working needs and after-sales support. | call it
VYALUE-ADDED service and it’s available only through

your Air Techniques VistaCam dealer”

we i, : g Bk, T e o
ot tsin rwe-
- iy o o oy The owd3f coler, 4y want ik
Take one patient thraugh an exam with an INSIGHT system. and you'll understand how and imaging. vau'll have seamless compatibility with almost all practice managsment e 4 d
sasily and naturally It its into your practice. INSIGHT has refined the most advanced imaging software. Voice -activation and dozens of other features save crilical time and energy. And Every I ce n Benetit From An In 3 el Whether vou requie 3 speen i
S 2 prinler, 3 vl 3¢k recartet ar both,
technalogy into 4 total patient management system of unparalleled simplicity spacial on-screen displays build confidence and enhance communication with your Zomur‘i!ﬂfmw ‘andw‘:m
and papability. The oaly camera system with two fightwaight handpleces — patiants, Leaving you frae fo facus on one thing. Dentistry. Best of all, INSIGHT can start : 7 ()llt ()f l 0 D enti StS Ch 00 R i e e
a 0°and 80° - eliminaling the need 1o change lanses. Mobile cart-based and small with an affordable vidao camera and printing system. Then simply add PC-based i Y wﬂ‘:g:ﬁﬂ:;f:_;',;w
= e s e cple b
porlable wall-mount netwarked systems make elactronic patient files available to digital capabilities at any time 1a fit the needs of your practice. | e it uevereeapics,  Call your Air Techaiques
f e e, ke VistaCam dealer now amd
any team member, anywhere in the practice. With a PC and software for capture, charting Yau'va gat the picture. Now get the details. Call 1 800 654-0200. INS' ask for o

s st ot she Bans of s aebvviond s ol 1-516-222-666)

It Takes Insight To Bulld A Bsttar Practice 1 ‘ IR
Raren No. L By Tue Nari : | &’Eﬂm

TLEADING INDEPENDENT 3 f casieiorer of Feri-Fro®, LT 07 B, Lirster”, Vacstar®
1 70 CANTIAG UE MO 0. K S45ILLE KON 0K 11201

DENTAL RESEARCH INSTITUTIONS

all today to lind out why Acu

outsells all of irs competitors combined

1-800-634-7349

9

Fantaastisk state-of-the-
art teknoloqgi 1 1996
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imponerende visuelt inntrykk

: Product name

-+ CEREC Smile
| Design

4y - Digital Dentist

Romexis

~ Digital Smile

- Design

_ Digital Smile
| System

- Envisionasmile

- G Design / D Pack

GPS Digital Smile
Design
Insignia Advanced

_ Smile Design

| Romexis Smile
| Design
i Smile Composer

p Smile Designer

Smile Design

Pro
Smile-Vision
System

SNAP Instant
Dental Imaging

Manufacturer

Sirona,
Germany
Digident, USA

DSD, Spain
DSS, ltaly

EnvisionASmile
, USA
HackDentall,
Romania
Dental GPS,
Canada
Ormco, USA

Planmeca,
Finland
3Shape,
Denmark
Tasty Tech,
Canada
Smile-Vision,
USA

SNAP Imaging
Systems, USA



	Oral protetikk-terapi �Bruk av nye digital teknologier
	Mikroprosessoren i tannklinikken 
	Datamaskin kapasitet I 1996 
	Lysbildenummer 4
	Lysbildenummer 5
	Datamaskin kapasitet i dag
	Lysbildenummer 7
	Computer performance today
	Digital Electron Microscopes life range
	Moore’s law & digital tooth shade acquisition
	The diffusion of innovations
	Lysbildenummer 12
	Lysbildenummer 13
	Dynamic Navigation market 2017:  10 products 
	Lysbildenummer 15
	Current computer- aided/-assisted tools and concepts in prosthodontics
	Alternative produksjonsmetoder av orale proteser
	Lysbildenummer 18
	Intraoral overflate scanning før 2010
	Intraoral overflate-scanning
	Intraoral overflate-scanning
	Intraoral surface scanning
	Overflate/volum gjenkjenning - parametre
	Lysbildenummer 24
	Lysbildenummer 25
	Åpne (data- / fil-) formatter (“frie filformater”)
	Konstruksjon / Produksjon programvare - Parametre
	Lysbildenummer 28
	Fresing – Fra 355+5 akser
	Subtraktiv produksjon
	Produksjonsmetoder - parametre
	Software algorithm compensation for errors introduced during milling processes
	Bor for dental (5 akset-) fresing
	Additiv produksjon - teknologier
	Additiv produksjon - teknologier
	Additive Produksjoner i vevsoppbygging*
	Stereolitografi
	Powder-fusion printing
	Solid friform-Produksjon
	Individualisert kjeve-implantat laget med SLS (2012)
	Lysbildenummer 41
	Lysbildenummer 42
	Zirkonium-oksider til fresing er ikke identiske! 1/3
	Zirkonium-oksider til fresing er ikke identiske! 2/3
	Zirkonium-oksider til fresing er ikke identiske! 3/3
	Fremtidstrender i oral protetikk?�
	Datamaskin kapasitet i fremtiden
	Digital Motion Capture System�+ ElectroMyoGraphy (EMG)
	Digital Motion Capture System - chewing
	Lysbildenummer 50
	Lysbildenummer 51
	The pace of technological developments   compress the learning curve time for
	Lysbildenummer 53
	Lysbildenummer 54
	Medical device customised for your patient
	Digital totalplanlegging finnes allerede
	Ansiktsscanning(structured light / laser /stereophotogrammetry
	Digital totalplanlegging finnes allerede
	Kjeveledd-bevegelse (digital) artikulator 
	Digitale artikulatorer erstatter kanskje mekaniske i vanskelige behandlingskasus
	Digital totalplanlegging finnes allerede
	Lysbildenummer 62
	Digital smile designing i 2018- et enda mer imponerende visuelt inntrykk

