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Jan 1986: Crash of their mainframe computer 
containing all data accumulated in their clinical 
studies program over 10 years. Under file 
reconstruction it was discovered that all the data 
files were corrupted!

A computer geek dentist was required!!!

 DEC Vax 1986 







1995: Opto-electronic Jaw Motion 
Capture System + EMG (Biopac)

Complexity was too high! A computer geek 
dentist needs to be found!!!

$ 75.000 
invested by the 
Prosthodontic 
department





















ELEMENTS OF MODERN CAD-
CAM TECHNOLOGIES IN 
DENTISTRY





• Developments of Digital Technologies

• Developments of Scanning Devices

• Developments of Design & Manufacturer Software

• Developments of additive and subtractive manufacturing 
concepts, including  multi-axial milling

• Developments of Restorative Materials

Intra oral scanning and  CAD-CAM 
technologies have been made more 
accessible due to:



DEVELOPMENTS OF 
DIGITAL TECHNOLOGIES







DEVELOPMENTS OF 
SCANNING DEVICES











DEVELOPMENTS OF 
DESIGN & MANUFACTURER 
SOFTWARE





The sum of Hardware + Software 
Improvements

CEREC 1           CEREC 2
(~1986) (~1992)



DEVELOPMENTS OF 
ADDITIVE AND SUBTRACTIVE 
MANUFACTURING 
CONCEPTS, INCLUDING  
MULTI-AXIAL MILLING





Additive manufacturing
incl: 3D printing / Additive (freeform) fabrication / Layered manufacturing / 
Rapid prototyping/-manufacturing / Robocasting /Solid freeform fabrication (SFF)

Additive manufacturing physically constructs 3D geometries directly from 3D CAD.
Process introduced in the mid-1980s.  Original name was rapid prototyping since the 

first use was to make prototypes of parts without having to invest the time or resources 
to develop tooling or other traditional methods. 

As the process and quality controls have evolved additive manufacturing has grown to 
include production applications

From: wikipedia.com



Additive manufacturing 
technologies: Robocasting

A material is deposited at room-temperature material -- in the form of a viscous gel 
or ceramic slurry -- from a robotically controlled syringe or extrusion head. 

The material hardens or cures (rather than freezes) after deposition

From: Silva ea J Prosthodont 2011





Stereolithography (SL or SLA)
A additive manufacturing technology for producing models, prototypes, patterns, 

and in some cases, production part. The term “stereolithography” was coined in 
1986.

A method and apparatus for making solid objects by successively “printing” thin 
layers of the ultraviolet curable material one on top of the other. 

A concentrated beam of ultraviolet light focuses onto the surface of a vat filled with 
liquid photopolymer. The light beam draws the object onto the surface of the liquid 
layer by layer, causing polymerization or cross-linking to give a solid. 

The process must be computer-controlled because of the complexity 

3D Systems



Milling in Dentistry – From 3 axes  
 5   5+5 milling axes

Milling machines today are manually operated, mechanically 
automated, or digitally automated via computer numerical 
control (CNC) re. e.g. torques, feed-rate, nature of cutters, etc..

From: ferrarodental.com







Milling errors compensated for by 
software algorithms

• Geometrical compensation 

• Force compensation

• Thermal compensation

Finite Element Modeling calculations 

• 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 

• Sophisticated error compensation algorithms reduce the effect of geometric 
errors in the machine structure

• High performance axis drives coupled with modern control algorithms improve 
the cutting tools’ trajectory 





Submarine’s propellers
1. as thin as possible so the submarine can produce low noise 
2. as strong as possible so the submarine can achieve speed 
•The accuracy of parts produced in milling is crucial in high-
precision industry
•No advanced milling technology = no possibility for production

State-of-the-art manufacturing of propellers
1.Bronze continuous/industrial casting 
2.Quenching 
3.Milling 
4.Berillium layer on the bronze 
5.Repeat milling

"Акула”







DEVELOPMENTS OF 
RESTORATIVE MATERIALS





Zirconia milling substrates are 
not alike!  1/3

%
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

Great variations: 
Hardness Fracture resistance
Tension strength Grain size
Elasticity module Opacity
Sintering time 

TZP=(tetragonal zirconia polycrystals)





3 point 4 point biaxial flexural test

Zirconia milling substrates are 
not alike!  3/3





CAM fabricated bodies – a concern 
today for problems tomorrow?



CADCAMexpert

Croftmania

DATRON High 
Speed CNC 
Machining 
Centers

Dental Milling centres

Ceramdent

Imesicore

Wieland

WestcoastMill

Roeders
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