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Mikroprosessoren i tannklinikken
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Datamaskin kapasitet I 1996 

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, Amiga1000) 
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

From: www.old-computers.com/museum

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

From 
 Minicomputers to PC 

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


Klokkehastighet(MHz)
<1          1971 Intel4004/ Texas Instrument TMS100 
...
...
...
...

110   1994 IBM PowerPC 601 (Power Macintosh 8100) 

Datamaskin kapasitet i 1996 og inovasjoner i
digitale teknologier innen odontologi



Digitalt smil

Digitalt intraoral kamera

Chairside patient education / communication

Digital teknologi-innovasjoner ~1996

Digital radiografi



<1 1971  4 bit
1974  8bit

4.77 1976 16bit
12 – 40 1985 32bit
20 – 100 1989-94   Pentium Pro
110 1994 IBM PowerPC 601 / Power Macintosh 8100
.....
500 1997 IBM PowerPC 750 (iMac)
1400   2002 Intel Pentium III (Celeron/Zeon)
3000   2001 IBM PowerPC950  (PowerPC G5)
3800   2001 Intel Pentium 4       (Pentium M/D)
3000 2003 AMD Athlon 64bit
3200 2005 AMD Athlon 64bit X2
......
5500 2013 IBM zEC12 0
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Datamaskin kapasitet i 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)

MHz



Screen  Printer CAD-CAM

Jaw- /joint-tracking 
->digital artikulator

Perio-probe

Voice-input

T-Scan

Video

Digitalization

Camera

cbCT/MRI

Digital camera/video +/-expert-
software (e.g. Velscope)

X-ray

Tele-transmission
E-mail
Internet (www)
Teledentistry
Diagnosis
Clinical decision support

Patient admin 
->Big data

Modem/ISDN

3D Acquisition intraoral

Medical device manufacturing
Subtractive (Milling) 
Additive (3D print / Stereolithography)

DICOM

3D Acquisition extraoral

Scanner

STL

Surgery 
Guidance / 
Navigation

Microscope

Patient education / 
communication / 
cosmetic simulation

Computer-assisted technologies in dentistry

digital patient 
student training



 Digital devices with 
better performance at 
a lower price

Computer performance today

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

Moore’s* law: The number of transistors in a dense integrated circuit
doubles approximately every two years (*Gordon Moore, co-founder of Intel)

From:  Wikipedia

Transistor count

2. Innovative 
software programs 
that may harness the 
improvements 
in performance

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


Digital Electron Microscopes life range



Chromacan (Sterngold)

SpectraScan (PhotoResearch)

Castor (Nordmeditech) ShadeEye (Shofu ) EX NCC          

DigitalShadeGuide DSG4(A.Rieth)

dcm-ikam (DigitalcolorMeasurement)

Dental Color Analyzer(Wolf)

ClearMatch(ClaritySmart Technology)
ShadeScan(Cynovad)

ShadeVision (X-rite)Shade-RiteColortron IIShade-X

EasyShade(VITA)EasyshadeCompactEasyshadeAdvance

CrystalEye(Olympus)

Spectroshade(MHT)  SpectroshadeMicro

BeyondInsight(BeyondDental)

iDentacolor II(iDenta)

iKam(Metalor)

ShadeWave

ShadePilot(Degudent)

ShadeScanSystem(CortexMachina)

ZfX Shade(ZfX)

Moore’s law & digital tooth shade acquisition

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*

*according to Everett Rogers (1962)



2008/2009:
Objective: Develop a 

protocol for digital 
impression of implants

Lab.photos: S Bilko LHM, Toronto

1st generation two-piece impression 
copings (PEEK) for digital 
impressions of Straumann Implants

iTero impression

RETURNED: Polyurethane model 
– with no implant analogues!

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

Verification jig for checking 
accuracy intraorally

2nd clinical check for intraoral fit



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

In-vitro accuracy =/= 
in-vivo accuracy

2015



Dynamic Navigation
market 2017:  10 products
Intro Brand name Company FDA

2017 Adens-NAVI U&I Adens Dental Clinic, 

Taiwan

-

2014 AQ Navi Surgical 

Navigation System

Taiwan lmplant Technology 

Company, Taiwan

-

2016 DENACAM Mininavident AG, Swtizerland -

2001 IGI-System (AKA 

DenX)

DenX Advanced Dental 

systems, Israel

Yes

2016 ImplaNav BresMedical, Australia -

2015 Inliant Navigate Surgical 

Technologies Technologies, 

Canada

-

2015 IRIS-100 Implant Real-

time Imaging System

EPED Incorporated, Taiwan -

2014 Navident ClaroNav Inc., Canada Yes

2014 X-Guide Dynamic 3D 

Navigation

X-Nav Technologies, PA, USA yes



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, 
3Shape)

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

Are the early adopters like the first mouse 
that try to eat the cheese in the trap? -3 

2015



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

Patient administration
Electronic charting“Big data”
Education
Student learning /  assessment

Patient management
Detect/diagnose pathology
Radiography / tomography
Jaw-/TMJ-joint-tracking“digital
artikulator”
Decision support system (AKA 
expert system)
Treatment (surgery) planning
Surgery guidance (dynamic 
/static) 

Patient communication
Visualization of procedures 
digital treatment outcome

Medical device* production
Shade-matching
Designing “CAD” 
Manufacturing “CAM”

*Intra- / Extra- -oral / -tissue /-tooth or 
interface constituents

Tissue-engineering constructs

Other applications
Quality assurance “Registration” 
Tele-dentistry



Alternative produksjonsmetoder av orale proteser

Objekt
Fysisk avtrykk av
overflate – tann / 

bitt

Konvensjonell
laboratorie-

prosess

Fullskala model 
fra fysisk
avtrykk

Virtuell avtrykk av
overflate (tann / bitt / 
ansikt) og/eller kjerne
(kjeve / kj.ledd / hode)

CAM prosess
- Additiv

- Subtraktiv

Fullskala
model from 

CAM –
Overflate (+/-
voluminnh.)

CAD av virtuell
protese

CAM prosess
- Additive

- Subtraktiv

Fysisk protese
individuelt

tilpasset objekt

Konvensjonell
laboratorie

prosess

Nye data-assisterte additive / subtraktive
produksjonsmetoder siden ~2016

CAD av virtuell implantatplassering ( kirurgisk skinne)
virtuell implantatplassering og protese tilpasset til tannimplant

+/- digital tomografi
(DICOM*)

*Digital Imaging and 
Communication in Medicine



Innovasjoner i
CAD-CAM 
teknologier

Overflate / 
volumgjenkjenning

Teknologi
Registrering
Data eksport format(er)
Scan gjenstander

Konstruksjon-
programvare

Produksjon
programvare

Produksjon-
prosessen

Nye data-assisterte additive / subtraktive
produksjonsmetoder siden ~2016



Intraoral overflate scanning før 2010

LAVA COS
(2008)

Cadent Itero
(2006)

CEREC 
BlueCam

Per 2010;
4 produkter
(+E4D)

Laser Triangulation
Confocal lys

Hint-Els (2009)



Intraoral overflate-scanning

3Shape: TRIOS /(Dentaswiss)

Intellidenta/ Clõn3D: IODIS 

MHT: Cyrtina/3DProgress 

Densys3D: MIA3d

2010/2011:
4 Nye produkter

LAVA COS

Cadent Itero

CEREC 
Bluecam

Hint-Els

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


Bluescan /a.tron3D

Zfks / Intrascan

IOS: Fastscan

Intraoral overflate-scanning
2012:
3 nye produkter

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


0
5
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20
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Intraoral surface scanning 2017: 22 products+

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

Switzerland
#

Aadva IOS  Bluescan-I 
a.tron 3D 

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

0

Apollo DI Sirona Dental Systems, Germany #
CEREC OmniCam / BlueCam Sirona Dental Systems, Germany 2
Condor Condor International, Belgium 0
CS3500 / CS3600 Carestream Dental, USA 0
Dentium rainbow iOS Dentium, Korea 0
Detection Eye Zirkonzahn, Italy 0
directScan Hint-Els, Germany 0
DWIO  DigImprint Steinbichler Dental Wings, Canada 2013 Steinbichler #
IntraScan Zfx zfx, Germany 0
i/s/canoral Goldquadrat, Germany 0
IOS Fastscan Glidewell Laboratories, USA  2015 IOS 

technologies, USA
0

Itero Element / Itero Align Technology, USA  2011 Cadent, Israel 3
KaVo Lythos KaVo, Germany  2015 Ormco Corp. 0
MIA3D Densys, Israel 0
Organical Scan Oral R+K CAD/CAM Technologie, Germany 0
PlanScan  E4D PlanMeca, Finland  2015 E4D Tech, USA 1
Progress IODIS Clon 3D / IODIS / Intellidenta (USA?) 0
TRIOS 3 / TRIOS Color / 
Standard

3Shape, Denmark 3

True Definition Scanner  Lava 
COS (Chairside Oral Scanner)

3M ESPE, USA  2006 Brontes Technology 4



Overflate/volum gjenkjenning - parametre
Teknologi

Overflate:
mekanisk-elektrisk
+/-laser-justert
optisk-struktur lys
optisk-laser/video
optisk-laser-
triangulering/konfokal
optisk konoskopisk
holografi

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

Registrering

Intraoral

Ekstraoral

Intra-& ekstraoral

Scan eksport
format

“Åpne system” format 

Lukkede systemer

Scan gjenstander
Antagonist
Bittregistrering
Tannmodell
Fullkjeve
Implantatdistanse
Model
Proteser
Oppvoksning

Refleks/opasitet
Overflatebehandling
Overflatesjikt

Unntatt DICOM*, finnes ikke ISO-standarder
spesifikt til tannpleie*Digital Imaging and communications in Medicine



Innovasjoner i
CAD-CAM 
teknologier

Overflate- / volum
gjenkjenning

Konstruksjon- programvare
Data import/eksport
formater / formattering
utforming applikasjoner

Produksjons-programvare
Data import/eksport formater/ -
formattering
Produksjon-applikasjoner

Produksjon-
prosessen

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



Skeletal 
volumetrsk

Intraoral 
overflate

scan

Implantat
planlegge

Proteser
markerører
volumetrisk

Fabrikasjon

Statisk kirurgi-
guide design 

Dynamisk
(robot) 
kirurgi

Objekt
overflate

scan 

Data / fil / system -formater

DICOM*
Protese-
design 

.STL

.OBJ
.AMF

.STL

.OBJ
.AMF

*Digital Imaging and 
Communications in 
Medicine



Åpne (data- / fil-) formatter (“frie filformater”)

.STL (Standard Tessellation Language)
• 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)
Åpne system (.stl, .obj, .amf)
CAD-CAM pakkede (Lukkede)

Top 3 O.S. markedsledere:

Applikasjoner
Oppvoksning / temporær
Inlay / Onlay
Single-enhet coping
krone / monolitisk krone
3  16enhet / (4 7cm) bro

Avtakbar tannprotese(Partial / 
Full)

Implantat
“customised”distanse

Implant-sup. meso-struktur
Implant-sup. super-struktur



Innovasjoner i
CAD-CAM 
teknologier

Overflate- / 
volumgjenkjenning

Konstruksjon
-
programvare

Produksjon
programvare

Produksjon-prosessen
Produksjon
Subtraktiv
Additiv

Utstyr
Protese
Vevsrekonstruksjon

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



Fresing – Fra 355+5 akser

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
på objektet, valg av borhode, osv. 

 

https://youtu.be/vC7QDLoH-HA

https://youtu.be/vC7QDLoH-HA


Subtraktiv produksjon
Tannmodell

Model Produksjon
& articulation

Model digitalt
(scan)

d.a. konstruksjon

Mill Blank

Sintring

Separate & trim

Polish & prepare 
for veneer

Heavy duty, e.g.
Agie Charmilles
Datron Dent-Tech
DMG Dyamach
iCM Imes-Icore
Isel LAVA
Mikron Roland
Röders Sauer
WilleminMacodel
Wissner Witech

Desktop size, e.g.
Bien Air Biolase
Carestream Ceramill
CEREC Degudent
Degudent Diasu
Flussfisch IOS
KaVo Kreos
Kutaz Lyra
Planmeca Reitel
Robocam Roland
ZirkonZahn Zubler

Mid-size,
CEREC
Charlyrobot
DentMaster
Dental Plus
Lycodent
Roland Noritake
Rübeling
Sisma
Upcera
VHF
Wieland
Yena Dent



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 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., Li2Si2O5 
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 
introduced 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 



Bor for dental (5 akset-) fresing

Fra: ZirkonZahn



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

Vevsrekonstruksjon Oral protetikk
Solid friform Produksjon(SFF)* Anisotropic matriser I utstrakt bruk
Stereolitografi (SLA) Presisjon-matriser Semi-permanent
Powder-fusion printing (PFP) Stive matriser Eksperimentelt
Bioprinting (Laser/Inkjet/Extrusion) Celle-infusert matrise Bløtvev

Introdusert på åtti-tallet som rapid prototyping for å lage prototyper av deler uten å 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

Model digitalt
(scan)

d.a. konstruksjon

Laser smelte / 
sinter pulver

Separate & trim

Polish & prepare 
for veneer

.STL

d.a. konstruksjon

3D Print

Invest

Burnout

Støp

Tannmodell scan

d.a. konstruksjon–
“virtuell wax”

3D Print

Sintre

Separer & trim

Polish & preparer 
for deck-keram

Additiv produksjon - teknologier



Fra: Sears ea. Tissue Engineering, 2015

Stereolitografisk printing teknikk
Eksempel på vevsoppbyggingsmatrise
bestående av poly(d-l lactic acid)

Solid friform Produksjon
Eksempel på
vevsoppbyggingsmatrise
bestående av poly(etylen
glycol) diakrylat;, nanosilikater, 
og alginat

Powder-fusion printing teknikk
Eksempel på vevsoppbyggingsmatrise
bestående av calcium fosfat–
poly(hydroksybutyrat-kohydroksyvalerat, 

Additive Produksjoner i vevsoppbygging*
*Tissue Engineering



Stereolitografi
• Metoden og apparater fremstiller solide objekter ved å lagvis

“trykke” tynne sjikt i et UV-polymeriserende material lag på lag. 
• Den konsentrerte UV-lys-strålen fokuserer på overflaten i et kar

fyllt med flytende fotopolymer. Lysstrålene tegner objektet på
overflaten for å forme objektet som deretter senkes ett hakk ned
for deretter å gjenta prosessen

• Objektet må renses grundig etterpå, 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

Fra: Silva ea. J Prosthodont 2011

Also:



Solid friform-Produksjon
 En høy-energy-laser (f.eks CO2) smelter sammen små partikler. 

Kan være plastikk, metal, keramer eller glasspulver til en 3-
dimensjonal  form 

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

 Etter hvert nivå senkes pulverbassenget ett hakk, det spres ut et 
nytt skikt med pulpver og prosessen gjentas. 

Kroner/broer Partialprotese Implantat
Fra: Traini ea Dent Mater 2008



Individualisert kjeve-implantat laget
med SLS (2012)

Ti6Al4V 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 Report, 2012



Innovasjoner i
CAD-CAM 
teknologier

Overflate- og
volumgjenkjenning

Konstruksjon-
programvareProduksjon

programvare

Produksjon-prosessen
Produksjon
Subtraktiv
Additiv

Utstyr
Protese
Vevsrekonstruksjon

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



Polymers

High 
Temperature

Lava Ultimate
Cerasmart

Shofu block-HC

Light cured

Paradigm 
MZ100

Polymer-
infiltrated 
Ceramic 
Network 
(PICN)

VITA Enamic

Glassy Ceramics

Feldspatic Mica Leucite Li-Ox Al/Zr-
Infiltrate

Poly-crystalline

Aluminium PSZ Ce 
Mg Yt 3Y-TZP Zirconia

Monolithic Veneer

Restorative materials for CAM

vs

Photos: Mahmood et al. (2015)

FPD substructure dimensions?

Photos: Song et al. (2013) 



%
TZP* ZrO2 / Y2O3 95 / 5
TZP-A ZrO2 / Y2O3 / Al2O3 ~95 / ~5 / 0.25
FSZ ZrO2 / Y2O3 90 / 10
PSZ ZrO2 / MgO 96.5 / 3.5
ATZ ZrO2 / Al2O3 / Y2O3 76 / 20 / 4

Stor variasjon mht: 
Hardhet Frakturmotsand Kornstørrelse
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! 1/3



(HIP prosess: Hot Isostatic Post 
sammenpressing)

Isostatisk

Uniaksial

Sluttsintring: ~1350°C (cercon) -
1500°C (lava) -1530°C (vita)

Påvirker kornstørrelsen
translusens (& klinisk
holdbarhet?)

Partielt
sintret

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



Fra: Schatz ea Materials 2016

*

* tørrpolert før sintring eller
våt-polert før sintring

3 punkt 4 punkt biaksial
bøyestyrke -test

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




FREMTIDSTRENDER I
ORAL PROTETIKK?



Datamaskin kapasitet i fremtiden

Digital devices will likely continue 
to be faster and with lower cost 
per performance unit; and 
Innovative software programs will 
harness these improvements in 
performance. 

The www of Internet will likely 
continue to be commercialized, 
driving other services to VPN-like 
solutions.

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


Calibration frame for 
3D recording 

Fiducial markers         
(IR reflectors)

MacReflex software:
Triangulation of centre 
points (40 Hz)
MacIntosh computer

Analogue x-y & y-z 
video screens 

2xIR cameras - 40Hz
Graphic controller
EMG

Digital Motion Capture System
+ ElectroMyoGraphy (EMG)



Digital Motion Capture System - chewing

ideal versus reality:

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


Digital Motion Capture Systems in the 90’ies

40 Hz

...a few years 
later...
200 Hz

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


Digital motion capture systems & oral dyskinesi

“MoCap”: is 
used 
extensively in 
films and 
cartoons;  e.g., 
Avatar, Planet 
of the apes, etc. 

1990’ies: 3 dim., 40 Hz I dag: Multi-dimensional
 4000Hz 



Før: 2 dim. Neuromedisin



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

• 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” 
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ESSENTIAL:
1. It is always a responsibility 

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 
about properties of new 
material & new CAM methods

Medical device customised for your patient

Who decides whether the 
interface is in ceramic or metal? 
The clinician or the CAM owner?

Example, Customized 
abutments with CAM



Digital totalplanlegging finnes allerede

Planmeca Cerec4.2(Sirona) 3dMDvultus
Conebeam Rx √ √ √
Facial scan √ √





Ansiktsscanning(structured light / laser /stereophotogrammetry

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

Intel RealSense 3D   
$99 
•Mesh Quality – 4/5: 
The mesh quality is really 
good. Dense and 
detailed.
•Texture 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

Shining 3D EinScan-Pro 
$3,999 
•Mesh Quality – 4/5: 
High mesh quality, hair 
tends to degrade the 
performance.
•Texture 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.

Artec Space Spider –
$27,600 
•Mesh Quality – 5/5: 
Excellent mesh resolution 
and accuracy.
•Texture 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. From:  aniwaa.com

Intel on Amazon



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


Digital totalplanlegging finnes allerede

Planmeca Cerec4.2(Sirona) 3dMDvultus
Conebeam Rx √ √ √
Facial scan √ √
Jaw tracking √ √





Kjeveledd-bevegelse (digital) artikulator

WinJaw (Zebris) JMA20

ARCUSdigma II (KaVo)

Axioquick Recorder (SAM)

Freecorder BlueFox (DDI-Group)

Ultrasound

Opto-electronic

Myotronics

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 i vanskelige behandlingskasus

Planmeca RomexisSirona Scicat

zebris JMA20





Digital totalplanlegging finnes allerede

Planmeca Cerec4.2(Sirona) 3dMDvultus
Conebeam Rx √ √ √
Facial scan √ √
Jaw tracking √ √
Smile design √ √ √





digital smile
Digitized intraoral camera

Fantaastisk state-of-the-
art teknologi i 1996 

WOW!

Innovasjoner i 2018 kontra 1996?



Digital smile designing i 2018- et enda mer
imponerende visuelt inntrykk

Romexis Smile Design

Digital Smile Design 

CEREC Smile Design

Smile composer


Product name Manufacturer
CEREC Smile 
Design

Sirona, 
Germany

Digital Dentist Digident, USA

Digital Smile 
Design 

DSD, Spain

Digital Smile 
System

DSS, Italy

Envisionasmile EnvisionASmile
, USA

G Design / D Pack HackDental, 
Romania

GPS Digital Smile 
Design 

Dental GPS, 
Canada

Insignia Advanced 
Smile Design

Ormco, USA

Romexis Smile 
Design

Planmeca, 
Finland

Smile Composer 3Shape, 
Denmark

Smile Designer 
Pro 

Tasty Tech, 
Canada

Smile-Vision 
System

Smile-Vision, 
USA

SNAP Instant 
Dental Imaging

SNAP Imaging 
Systems, USA
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