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INTRODUCTION 
The idea and general axis of this work which have guided François 
DURET in 1972, during the invention then the redaction of his first 
technical specifications on the optical impression or  dental prosthesis 
CAD/CAM (computer assisted design and manufacturing) are rather 
simple. Even if the realisation and application have created numerous 
practical problems which have then led to devices more and more 
sophisticated and removed from the initial conception, the philosophy 
is still the same, that is to say lead towards a realisation of prostheses 
more and more scientific and technological. It took no less than 10 
years for the first device to be “born” and it is still far from the final 
realisation (Fig.1). 
A non ionising ray emitter projects a light ray, coherent or not, which 
will code the analysed tooth. 
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[Fig. 1: The first prototype of endo buccal reading (we will note the 
laser reading and the hologram’s reading cameras] 
 
A captor situated inside a camera will decode the obtained volume 
data, in real time, and transmit them to a computer and its software to 
create the future prosthesis. The computer directs a digital command 
tool machine which will sculpt the prosthesis in any material (Fig. 2). 
A prosthesis manufacturing device, created according to the optical 
impression theory, is divided into 3 essential parts: 
- a capture system or measurement system, of the dental shapes and 
the mandibular movements, including a wave projector and a camera 
digitalising the volume or dynamic data; 
- a set of data treatment (computer and specialised software) enabling 
the rapid conception of external and internal shapes of the prosthesis; 
- a digital command tool machine to sculpt the prosthesis (Fig. 3) 
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[Fig. 2: Drawing showing the principle of the whole CAD/CAM 
equipment for dental prosthesis (1984) 

- optical impression capture 
- visualisation screen 
- captor 
- CCD micro camera 
- A/D converter 
- memory 
- image treatment 
- command keyboard 
- CAD: 32 bit computer CAM/3D; alphanumerical and graphic 

console; retouching keyboard 
- Automatic manufacturing: control unit; micro drill 

 
Fig. 3: Drawing showing the functioning principle of the CAD/CAM 
equipment for dental prosthesis according to the optical impression 
principles. 

- digital data 
- program 
- visualisation 
- manufacturing data 
- manufacturing 
- keyboard 
- retouching keyboard 
- optical impression 
- CAD 
- CAM] 
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We are going to successively envisage the functioning of each part 
before approaching the applications and exploitation technical data 
linked to the use of the EO device. 
 
The wave projection system and dental shape capture 
REMINDERS AND PRINCIPLE’S HISTORY 
 
There are several modes of tri dimensional capture of an object (Fig. 
4). 

♦ The first is chemical natural1 and corresponds to our capture 
with impression pastes. The data is transmitted in positive by a 
plaster model (for example) to a laboratory technician. 

♦ The second is mechanical electronical² as it uses complex 
surfaces micro probes. This method is being studied, without 
great success in our profession for the last 15 years in the USA. 

♦ The third capture mode is opto-electronic as it uses both 
ondulatory and photonic characteristics of the light and the 
electro-physical possibilities of matter. We won’t hesitate to say 
today that it is the only approach mode valid and promised to a 
great future in the dental surgery world. We use this approach 
for the last 12 years with extremely promising results. 

 
[Fig. 4: 3 modes of measuring an object] 
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Yet if we study the bibliography about tri dimensional capture of 
complex objects, such as teeth, studies, we notice that few studied are 
finished and few articles have been written on this type of analysis. 
Why such difficulties and lack of information? We have the right to 
ask this question in 1985. 
By studying the fundamental principle of the tri dimensional capture 
of a tooth we can answer partly this interrogation. 
The most recent opto-electronic method and also the most famous is 
undoubtedly holography, discovered by Denis GABOR (Physics 
Nobel Price in 1948)3. It is based on the interference of waves hitting 
an object and a reference wave. If this method is quite remarkable in 
its principle and the application offered by the laser4, it still stays 
rather complex and too expensive for a dental application both at the 
capture level (the object must stay still several minutes) and the 
restitution level (no reference system exist for the tooth). Despite 
these problems, a certain number of studies have appeared and 
particularly in the USA (PRYPUTNIEWICZ5 and YOUNG6), in 
Scandinavia and in France (DURET) (Fig. 5 and 6). 
The oldest method is stereovision7 or photogrametry since it dates 
back to the end of the XVIIth century. Two cameras look at the object 
under 
 
[Fig. 5: holographic setting by YOUNG (1977)] 
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[Fig. 6: holographic setting by DURET (1976) 
 
Fig. 7: photogrametry principle] 
 
Different angles; an M point of the object is found in two bi 
dimensional images with the coordinates of each of their “homologue 
points” M1 and M2. The tri dimensional position of the real 
corresponding point is now calculable (Fig. 7). If this method is 
simple for the human brain which rebuilds the relief by using its 
memory of shapes and objects (cognitive memory or necessity 
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of have a set of knowledge of shapes associated to the capture), the 
calculator can’t spontaneously position the points and the coordinates 
together without precise indication of their respective identities or 
without the precise positioning of the capture system with regards to 
the object. This method has been worked on in the USA (1968), in 
England (1978)8 and in Germany (1979)9 (Fig. 8). 
 
[Fig. 8: the optical probe of HEITLINGER and RÖDDER (1979) (we 
notice the triangulation of the fibers)] 
 
The third method, called moiré, described for the first time by Lord 
RAYLEIGH in 187410 is in our eyes the only interesting method today 
for the dental surgeon. What characterises the moiré effect is the 
obtaining a macroscopic structure by superposing two neutral 
microscopic structures (Fig. 9 and 10). It is about an interferometric 
phenomenon which, instead of superposing two waves, superposes 
two networks of which we know the profile. The superposition of 
these two networks, with a known dimension, leads to obtaining level 
curves with mathematically determined spacing. These level curves 
which appear on the object have the great advantage of putting the 
third dimension of the image of the studied object in two dimensions 
(the tooth). This method has been the subject of a certain number of 
works in the USA to know the movement or deformations of the 
dental and prosthetic structures11. It is only in 1978 that the first works 
started in France for dental coordinates capture method12 to 15. 
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[Fig. 9: moiring phenomenon principle 
Fig. 10: macroscopic structure issued from the superposing of 
periodical or non weft (TAKASAKI)] 
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READING SYSTEM 
The wave projection module can be constituted of : 

- a coherent or non coherent light source (laser), powerful enough 
to project the image of a regular weft on the tooth and for this 
weft to be perfectly detectable through another weft placed in 
front of the objective of the reading system; 

- one or more wefts with known profile and a great precision and 
dimensions thin enough to answer the prosthetic precision 
demands (less than 200µm); 

- a reading camera with a matricial DTC (Charge Transfer 
Device) with a least 60000 PEL (Image analysis elementary 
points). 

These DTC or CCD (Charge Coupled Device) (Fig. 11) deserve our 
attention as they represent the first limitation towards a good precision 
in the moiré methodology on the fundamental plan. Invented in 1970 
in the Bell Telephon laboratories16, it isn’t til 1978 that Fairchild 
produces at the industrial level the first CCDs17. 
It is a semi-conductive device with: 

- the data is in the form of electronic charges stocked in potential 
wells (by tension on a n-Mos table); 

- the data transfer is done in sequences following the orders of a 
multiphase clock; 

- the data is transported by minority porters (electrons) with 
regards to the substrate (P type). 

The quantity of electronic charges of a PEL is proportional to the light 
intensity it receives (mainly for the antiblowings). A photon incident 
 
[Fig. 11: CCD n° 7851 from Thomson-CSF-DTE] 
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[Fig. 12: diagram showing the implementation cards] 
creates a pair of electron holes at the silicate crystal structure level, 
electrons which will be collected by each PEL or pixel (picture 
element). The quantity of accumulated charges is proportional to the 
incident light intensity and to the integration length. With Thomson 
CSF some CCDs offer over 300000 PEL to the photons incidents! 
A certain number of implementation cards enable the generation of 
logical synchronisation signals and the delivery of analogue signals 
(625 lines…) and digital ones (60 M bit/s and more). 
We will summarise our thought by saying that the matricidal CCDs 
associated to their implementation cards enable the transfer of 
digitalised teeth images to the treatment software. Each pixel of the 
CCD is representative of a voxel (Volume element) through the 
measurement of its level of grey on the one hand and its address on 
the other. 
 
Image reconstruction system 
The 3D image reconstruction supposes the use of an impressive 
equations system where classical computer means are too slow. We 
must develop cabled, specialised processors working according certain 
construction algorithms reducing the image analysis time. These 
algorithms have evolved 
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[Fig. 13: simplified representation of the inter-fringe calculation 
according to the Moiré technique] 
 
following two criteria: time (execution speed) and space (image 
quality). 
The research team of the Hennson Int company responsible for the 
system has a double objective: 

- data treatment 
- a judicious structure to adapt it to the speed of execution 

We have a set of values (around 70000) which we will call projection 
of the studied surface according to a give direction and known 
mechanical criteria. To simplify the explanation12, 14, 18 we will report 
to a primary description of the method that we have had the occasion 
of describing during numerous congresses (Fig. 13). 
We have β the network’s deformation profile on the tooth in relief and 
δ the reference network identical to the first. The Ω value of the 
fringes equations is thus calculated according to: 

- I and T the optical centres spaced by b value 
- the orthonormed placemarks (P, x, y, z) 
- x the IT direction 
- z the projection objective principal axis 
- 2 wefts with δ profile orthogonally positioned to z and at F 

distance of the objective’s optical centres, that is to say the 
following points: 
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- M coordinate point of x, y and z 
- A and B the intersection of the IM and TM lines with the view 

capture and projection wefts 
- O’ and O’’ the intersections of the optical axes with 

corresponding wefts 
- B’ a point situated on the weft such as O’B’ = O’’B. 

We know nothing of the β profile but both wefts were identical, it is 
possible to say: 
 
[equation] 
 
The wefts, in the present case, are two RONCHI networks. 
Whatever x, y, we have δ(x, y) = x 
 
[equation] 
 
But it is necessary to determine the Ω profile according to the tooth. 
This is the same as calculating x’ and x’’ according to x, y and z 
 
[equation] 
 
Where from the Ω profile only depends on z with the formula: 
 
[equation] 
 
We can determine the exact coordinates of an M point (x, y, z) by 
using the formula (1) for the calculation of z and the number of PELs 
for the determination of plan elements x and y, corrected with the 
expansion value. 
 
CALCULATION OF z VALUE 
Given n, the number of fringes counted on a reference plan that we 
have situated at a distance D of the optical centre of the objectives and 
perpendicular to their principal axies: 
 
[equation] 



F Duret and Coll. Principes de fonctionnement et applications techniques de l’empreinte optique dans l’exercice de cabinet 
(traduction Anglaise)  

Les Cahiers de Prothèse (50)  pp 73 – 110, 1985 
 

 Page 85 
 
Where from 
[equation] 
With a as the regular RONCHI weft’s dimension 
 b as the distance between both optics 
 F as the optics’ focal 
 n as a rational number 
By neglecting the variations of the interfringe we can know the 
altitude of an N point in a simple manner: 
Let’s look at formula (1) again: 
 
[equation] 
 
By deriving Ω according to z 
 
[equation] 
 
From a dark zone to a light zone the Ω value is equal to 1 so dΩ = 2. 
If H is the level difference between 2 consecutive curves 
 
[equation] 
H varies according to Z and as Z = D – z 
[equation] 
 
The altitude of point M in x, y, z will be the produce of H by the 
number of fringes counted on the chosen reference plan: 
[equation] 
 
To determine the z value of the point M situated on a tooth is the same 
as considering the fringes as level curves on a map and position this 
point M with regards to these curves. The precision of the described 
method is very linked to the exactitude of the optical system, to 
fundamental optical errors due to the remoteness of the point M with 
regards to the optical axis and also the chosen value of the interfringe. 
If instead of working on two levels of grey (2 bits), we work with 6 
bits, even more, we observe regular subdivisions between each moiré 
curve which enable us to multiple the precision by 10, maybe even 
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[Fig. 14a and 14b: optical probe and representation of levels of grey 
obtained at the Faculty of dental Surgery of Paris VII (Paris 23 sept. 
1983 
 
Fig. 15, 16 and 17: Representation in false colours of the Moiré 
fringes] 
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by 20 and lowering  the values close to a micrometer in reading the 
Lambertian body (Fig. 13). 
To summarise, we will say that with the help of a CCD the camera 
recognises the levels of grey, the fringes depending on whether such 
and such PEL receives more or less photons. The high numbers 
correspond to interfringes and low numbers to zones close to the 
fringes. The system is even more precise if the CCDs are rich in PEL 
and if these PELs are small, sensitive and well oriented with regards 
to the object and the reference plan (Fig. 15, 16 and 17). 
 
CALCULATION OF THE x AND y VALUES 
The scale (e) being known and fiwed by the mechanical system, a 
capture with the CCD can be considered as a cone projection of the 
centre P (optical centre of the objective of views capture on the plan 
containing this CCD). The coordinates x and y, corresponding to the 
point M seen previously, will have for value (Fig. 18): 
 
[Fig. 18: Representation 30 of a random point of a prosthetic piece. 
The fidelity of the measurements is calculated by a set of orthonormed 
placemark external to the tooth or the inlay. The principle developed 
by SKINNER and PHILLIPS seems wrong to us: measuring an object 
with regards to itself. Only CAD/CAM enables this approach.] 
 
 
 
 
 
 
 
 
 
 
 
 
 



F Duret and Coll. Principes de fonctionnement et applications techniques de l’empreinte optique dans l’exercice de cabinet 
(traduction Anglaise)  

Les Cahiers de Prothèse (50)  pp 73 – 110, 1985 
 

 Page 88 
 
[equation] 
 
As we have noted earlier all the values {X, Y, Z} of the tooth or the 
view of a side of the tooth must be identified and filtered. For that 
reason, a certain number of algorithms, some cabled, will enter into 
action in the FOURNIER19 space or not. We suppress the hardware 
digitalisation noises, the speckles noises even more so important that 
the ripple of the light interferes with the micro surfaces of the flatness 
of the tooth, interference noises between the spatial frequency of the 
CCD and the RONCHI20 weft used and all the system noises. The 
filtering techniques are complex and go beyond the framework of this 
study. We will simply say that each of the constituting elements of the 
acquisition chain of the tooth’s image must be studied with regards to 
the whole set and the non  respect of this rule can diminish or even 
render unusable the caught signal  of the tooth’s shape (Fig. 19 to 22). 
Then, the skeletal algorithms will come. This passage is necessary for 
several reasons: 

- the implementation of the comparison process of interferograms 
- the reduction of the number of image points addressed to the 

software and central unit of shape management (CAM) 
- the discretion several teeth in the same image space. 

The whole of these “washed” coordinates will be addressed to the 
CAM software in a simple language such as the Fortran 77 so that the 
tooth can be reconstituted and worked on. 
At this stage, we get a part of what we can call today the optical 
impression of the tooth. It took a few seconds to the captor to record 
the image and to the algorithm to synthesise it into coordinates in a tri 
dimensional space. The view capture appears on a control screen for 
acceptance or rejection. This view enables the verification of the 
quality of the impression and also the work done inside the mouth of 
the patient. An over impression 
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[Fig. 19, 20, 21: Moiré effect on top first pre molar (x3)] 
 
is always possible when the calibration of the images between 
themselves is respected. 
These first two functions are of a considerable benefit in a daily use 
and the quality of the latter. The definition of the sulcus and its 
capture are such evident21 things that it seems insulting to explain it; a 
simple angulation of 50°, that is to say an incidence angle of 25° 
enables a penetration of the rays of 2.5mm inside the gingival sulcus. 
However, it is evident that the eviction would be desirable and would 
facilitate the work greatly. The light ray won’t be traumatising for the 
epithelial attachment cells (Fig. 23 and 24)… We will get back later to 
the advantages in time and precision of the method. 
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[Fig. 23: minimal incidence angle in tooth’s sulcus: 
 D horizontal to the plan 
 1 slightly retracted gum 
 2 retracted gum 
 
Fig. 24: View of Moiré effect in superior canine sulcus] 
 
Creation of the working model 
REMINDER AND PRINCIPLE’S HISTORY 
The conception of the wax model, that is to say the creation of the 
prosthesis is an intellectual and manual action. It is intellectual in the 
sense that the person who realises the piece uses data coming from 
reflection and education. It is manual if this action supposes the 
concretization of the shape. In every try of modelling with 
CAD/CAM, in the USA, in RDA or in Scandinavian countries, this 
step has never been automated. The most significant illustration of 
this 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



F Duret and Coll. Principes de fonctionnement et applications techniques de l’empreinte optique dans l’exercice de cabinet 
(traduction Anglaise)  

Les Cahiers de Prothèse (50)  pp 73 – 110, 1985 
 

 
Page 91 
 
remark is found in YOUNG’s works in 1977 or in RÖDDER’s in 
1980. These authors offer a reading of the teeth by optical means 
without having to avoid the realisation of the model. The tool machine 
serves to reproduce the impression on which the dentist or 
prosthodontist will realise the wax model; it is necessary to read it a 
second time with the help of the same optical system. 
The modelling stage by computer and not by tool machine and the 
technician seems necessary from the start for two reasons: 

- the fact of making a wax model like SWINSON (Fig. 25) or 
RÖDDER (Fig. 26) leads to an inevitable error which renders 
the system less precise than the traditional methods. On the other 
hand, this digital/analogue conversion doesn’t conform to the 
theory that we have stated earlier. 

- having to re-read the model makes us have to use two reading 
and image treatment systems which burdens the functioning, 
time and price of the machine. 

 
The way these authors think, in a CAM logic, differs from ours, 
particularly at the artificial intelligence objective possibilities level 
 
[Fig. 25: principles of elaboration of a prosthesis according to 
SWINSON] 
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[Fig. 26: Elaboration of a prosthesis according to HEITLINGER and 
RÖDDER’s principles] 
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THE ENVELOPPE 
A model normally adapted must respect rules known by all 
prosthodontists and dentists, which are (Fig. 27 to 30): 
 
[Fig. 27: Presentation of the optical impression after correlation of 
surfaces 
 
Fig. 28: Bad adaptation of the theoretical tooth mainly on the finishing 
line level 
 
Fig. 29: Study of tri dimensional relationships on the monitor (here, its 
reprography) with the help of frontal, sagittal, occlusal and 
axonometric views. 
 
Fig. 30: Adaptation functional envelope] 
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- respect of contact zones 2/3, 1/3… or diastemas23 
- respect of cervical bump and other functional reliefs23 
-  respect of shape and occlusion’s aesthetics according to the 

chosen theory 
- perfect adaptation of the finishing line of the prosthesis at the 

base of the cutting, etc… 
 
It is evident that the whole of these data represents a limited volume14 
in which the model will have to fit. For that reason, we have given the 
name of envelope to this limited cloning space (Fig. 30). On the other 
hand, this model is the personalised reconstruction of the repaired 
tooth. This approach mode must be compared with the one recently 
done by PERELMUTER and LIGER who memorised their envelope 
with high viscosity silicone materials (personalisation being here the 
memorisation of the initial shape). 
We will define the envelope as a limited space in which the prosthesis 
will be cloned. This space is identifiable since its limits are dependant 
not of the piece itself but of its environment. It is necessary to know as 
well as coding the significant zones of the prosthetic space.  
By supposing that this tooth exists and that it is little or not dilapidated 
before the cut, all we need to do is memorise the shape before the 
reduction according to PERELMUTER’s technique. In the opposite 
case, it is necessary to have a data support. The method which seems 
most logical consists of memorising all the teeth and adapt the 
corresponding tooth to the model’s envelope. The memorised tooth 
represents the volume data support of the model’s extrados. After 
having personalised it by a game of specific symmetrical comparisons, 
the informative shape is cloned in the space defined by the envelope. 
This mode enables the memorisation of few shapes without limiting 
them and insures the adaptation of a theoretical shape to a practical 
and individual space. 
The intrados will be the replica of the stump’s impression increased 
by a certain percentage corresponding to the granulometry and the 
mechanical needs of the luting cement. This modification can be of 
variable coefficient24 (Fig. 31). 
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[Fig. 31: Example of the reduction of a prosthetic piece: the inlay 
(reduction value: 20%)]  
 
THE OCCLUSAL MOVEMENTS 
(Fig. 32) An articulator is a device built following certain 
mathematical approximations and having for function to reproduce 
with more or less exactitude the movement of the patients’ 
mouths25.28. This device is for doing just a model of the  
 
[Fig. 32: diagram showing the occlusion study] 
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occlusal surface and so it is necessary to enter, as an occlusal relief 
determination factor, the mandibular movements. 
From this point of view, the optical impression turns out to be the 
possible recording of the total mandibular movements or of the 
principals, such as the adaptable articulator, but without articulator13 
(Fig. 33). 
 
[Fig. 33: Three mandibular movements: the Posselt occlusion in 
position 2, opening of 15° and lateral movement of 15°] 
 
All you need to do is use three placemark points at the superior 
maxillary and three placemark point at the mandibule, whilst 
considering that the first ones are fixed and the second are mobile. If, 
with the help of an opto electronic process such as a more specialised 
CCD camera, we follow the cinematic of the three mandibular 
placemarks with regards to the static maxillary ones, we can note: 

- on the one hand, the trajectory of the inferior incisive point and 
thus have a help for differential diagnosis between the normal 
occlusion and the pathological occlusion. 

- on the other hand, collect all the data necessary to the 
establishment of a true individualised occlusal program, that is 
to say for each patient. 
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[Fig. 34: to the n°1 Posselt position] 
 
The measurement of these movements can be done with the help of a 
light points projection system on a set of CCDs placed according to a 
Camper’s plan parallel, that is to say in orthonormed position. 
Moreover, nothing stops us from recording extreme movements as we 
usually do with panthographic recordings or to limit it to only the 
envelope of functional movements during the normal mastication-
swallowing process. It is important to underline that the major interest 
of this process consists of totally avoiding using a materially present 
articulator, it is replaced with the opto-electronic recording of the real 
mandibular movements of the patient memorised. 
 
With an individualised occlusal program, we can apply the five ideal 
occlusion criteria : 

♦ central relationship occlusion (position 1 of the Posselt diagram), 
there must be contact simultaneity between the maxillary and 
mandibular cusp groups 

♦ Central occlusion (position 2 of the Posselt diagram), there must 
be contact simultaneity between the maxillary and mandibular 
teeth. 

♦ Propulsion (position 3 of the Posselt diagram), there must be 
friction simultaneity between the  mandibular incisive /canine 
groups and their maxillary antagonists. 
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♦ Working laterality, we can choose to establish either a canine 

function or a group function depending on the clinical 
conditions. 

♦ Non working laterality: there must be no occlusal interference. 
 
These criteria are in the program’s memory for all prosthetic 
treatments. 
Whether we’re realising a small reconstruction (crown, fixed bridge) 
or a great reconstruction, we can envisage an elaboration technique for 
the prosthesis: 

- either with usual occlusion, position 2 of Posselt’s diagram 
- either with central relationship occlusion, position 1 of Posselt’s 

diagram 
- or between position 1 and 2 of the diagram with the “central 

freedom” technique (SCHUYLER, RAMFJORD or DAWSON). 
The flexibility of the system’s realisation is optimised by the fact that 
each starting element is taken into account, memorised and used 
according to the specific needs of each envisaged reconstruction case 
and according to the practioner’s own tendencies. 
This handling finesse, in a very short time (less than 3nm), enables the 
smoothing of the occlusal surface of the prosthetic tooth while 
respecting the blocked or freed central ones and any varying of the 
structure up to the fusion of positions 1 and 2 of Posselt’s diagram. 
 
CONTROL 
The practioner will have to control the aesthetics of his prosthesis with 
regards to the neighbouring teeth and following the incidence he will 
select. Thus, an anterior tooth will be visualised following a frontal 
plan when a pre molar or a molar will be studied according to a 10 to 
20° view with regards to the median sagittal plan27. 
This operation mode will enable eventual aesthetic corrections. This 
action, very important, will be specific to each practioner and will lead 
inevitably to a new personalisation of the work (reversible action). It 
can be considered as an artistic action potentiated by artificial 
intelligence. It seems to demonstrate that the CAD/CAM set is a 
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creative tool at the service of mankind and not a prosthesis 
standardisation instrument14. 
We can only be hit by the importance represented by the fundamental 
work on prosthesis 
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for the realisation of a CAD/CAM creation software. The experience 
and creativity of the researchers are indispensable for the automated 
work and stating the contrary shows a misconception of both the 
CAD/CAM robotics principles and those of traditional prosthesis. 
What is left to worry about is the 3D handling on 2D objects. This 
remark, due to one of our greatly experienced colleagues in 
Strasbourg C BERNHEIM, makes us perplexed as it isn’t without any 
sense. It is inevitable that, if teaching doesn’t follow the scientific 
evolution, our future colleagues will only have a part of the necessary 
training and handling will be reserved to an elite. We have good hope 
though as the habit of working with plans is a thing which is taught 
easily to architecture students. 
 
Manufacturing 
DIGITAL COMMAND 
Indispensable piece to the command of a tool machine, the digital 
command is a kind of computer moving the axes, and so the tool to a 
precise position of the piece to be manufactured. The CAD/CAM 
software has created the crown in ordinated dimensions with Cartesian 
coordinates (X, Y, Z) at the intrados level as well as the extrados. For 
each number corresponds a tool position. 
The principle of the digital command can be this summarised: it is an 
automation process enabling the driving of a mobile mechanical organ 
to a position determined by an order. This position is obtained by 
moving linearly or angularly according to the mobile’s freedom 
degree (the order is delivered in digital, Cartesian or polar 
coordinates28) (Fig. 35). 
Now of a mature age, the digital command has a number of very high 
basic functions and its implementation is simple and rational. The 
dental prosthesis being a simple unit piece but complex, it perfectly 
enters in the framework of studies on low production commands 
which were the object of numerous concluding tries between 1975 and 
1985. 
Today the high production cycle to which researchers are committed 
doesn’t interest us if 
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[Fig 35: digital command tool machine Mutan 2000] 
 
only at the level of reliability consequences. Particularly the great 
flexibility of use, the better manufacturing quality, the reduction of off 
times and the profitability of the investment are complementary values 
to the first tries. Has have remarked J-M JAMER from Num, a good 
CNC must lead the tool to describe the movements at a constant 
tangent speed with a good precision and repetitiveness, the shapes 
obtained by describing to a reduced number of standard tools the 
programmed profiles. 
An evolutive CNC, as must be the case for dental prosthesis, must 
possess 2 treatment units: the digital command and the programmable 
automate linked by two interconnected bus. The function the hardest 
to program is the surveillance of the manufacturing and the tool 
control (management of tool’s wear after manufacturing). This 
function will have to be incorporated the fastest possible to the 
production units level. 
In the specific case of dental CAD/CAM, the CNC as local 
automatism, is permanently dialoguing with the central organ, here the 
calculator and is there more to manage the circulation and order of 
data than to create them. We will talk more of CND (Direct Digital 
Command) rather than CNC and the information will arrive to the 
engine power amplifiers of the tool machine which will either be step 
by step or continuous action.  
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However it is necessary that the DRM aren’t apparent, which is the 
case in our liaison by interconnected bus and that they constitute an 
information list of a very precise format covering commands, cycles 
and modes which don’t block the system to an only MO/CN (Fig 36 
and 37). 
 
[Fig 36: example of manufacturing program: line 6 of a superior pre 
molar (Garancière Paris 1983) 
 
Fig 37: representation of the movements of the drilling machine’s tool 
according to 3 axes X, Y, Z] 
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TOOL MACHINE 
Masterpiece, it represents a concretisation of the virtual work executed 
by the practioner with the CAM, the tool machine executes orders 
from the CNC. It is about a mechanical organ carrying the work’s 
execution tool29. The manufacturing micro-centres mix rigidity of the 
structure of the drills and flexibility of the big centres use. They 
represent the movements in X, y and Z corresponding to the volumes 
of the work to be done inside the mouth. The power of the brooch 
engines, their rotation speed and the brooch’s torque must be chosen 
wisely depending on the type of work and the materials imposed to the 
technology. The machines with 3 axes have a good definition to attack 
the dental market (2 axes and a half seem a little restrictive). The tries 
we have presented at the Garancière30, 31 were done on a Mutan 2000 
tool machine from Etecma which presented the following 
characteristics: 
Run: 150 x 200 x 100 
Precision: (dimension 2), 400 card: 25µm 
Brooch speed: 1 to 10 on an engine power of 0.75kW and for a 
cylinder drill of 4.5mm diameter. 
 
CNC from ICN-Synthèse… 
The program defined a premolar in 400 points spread over 26 cut 
levels (2.5 axes), that is to say a 500µm precision in X, Y and a 
250µm precision in Z (Fig 38). 
The extrados had a precision of ± 25µm every 500µm in X and Y and 
every 250µm in Z. Given the precision in Z and that the curves are 
Splin functions, it isn’t wrong to think that the precision was ± 200µm 
over the whole tooth (biological curves). This precision, too low in 
our opinion, stopped the creation of a correct cusp relief (Fig 39). 
It took 4mn of manufacturing to execute the piece by using a reduce 
speed for movements. 
The polishing, to get the same finish as our current prostheses, lasted 
17 seconds (very fast because of the precision of material removal). 
The manufacturing of the internal part or intrados must be executed on 
the same piece after it has had a 180° rotation. 
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[Fig 38: manufacturing of extrados of a premolar (Paris, Garancière 
1983] 
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[Fig 39: comparison of manufacturing of a micro-drill and the 
sculpture of crowns] 
 
MATERIALS 
The realisation of a prosthetic piece necessarily needs successive 
mouldings and in the most majority of cases, lost wax process. We 
will not mention the multiple “inevitable” errors inherent to the 
manufacturing process, and focus on the problem of the dental 
biomaterial as it exists currently, for conjoined prosthesis (Fig 40 and 
41). 
In the majority of cases, we use: 

- casting metals, covered or not in ceramics or compound resins  
- and in a future we hope to be close, amorphous casting glass and 

“ceramised” later by thermal treatment. But in every case the 
material will be casted or moulded in our laboratories with 
limited performances if we compare them to those of the same 
type from industrial laboratories. This manufacturing mode of 
our prosthetic pieces presents in our opinion 2 major 
disadvantages:  

1) it rejects any material which won’t cast or be moulded with the 
technological means of our laboratories. Thus are rejected a 
number of biocompatible substances for the simple and unique 
reason that our “home-made” technology doesn’t let us work on 
them. 

2) It requires: 
- heavier and heavier technical material 
- more and more qualified labor 
- a manufacturing time that always increases with new clinical 

needs which are legitimate. 
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[Fig 40: The imprecision cycle (direct method) 

1. impression 
2. coating 
3. casting 
4. finishing 
5. luting 
 

Fig 41: The imprecision cycle (indirect method) 
1. impression 
2. extraction of impression 
3. casting and plaster 
4. wax 
5. coating 
6. casting 
7. finishing 
8. luting] 
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We estimate that the dental biomaterial problem must totally re-
thought. To treat our patients, we are almost always led to create a 
loss in substances following the removal of responsible pathologic 
tissues. If this loss of substance affects a tissue without repairing 
powers, we would use a heterogeneous material whose properties will 
be identical to those of the destroyed tissue. The fixation of this 
reconstituted volume would have to happen without the rest of the 
organ suffering any damage. 
All of this seems so evident…! But the most commonly used 
biomaterial – silver amalgam – shows a thermal conductivity 
coefficient 50 times higher than the dentin it pretends to replace! Let’s 
not talk about the optical properties… 
 
What is our philosophy? 
We estimate that to each type of substance loss corresponds a 
biomaterial whose properties will be clearly noted in a specification’s 
book. Thus defined, this material will be manufactured industrially, its 
properties verified carefully and it will exist in a state of stable pre 
shapes on which we will “manufacture” our prosthetic pieces. This 
type of action is new: for the first time, the clinical requests won’t 
have to accept the disadvantages of a material just because it 
possesses an essential quality to fill the loss of substance to treat. 
For sure these adequate “bioproperties”, mixed with the justness and 
precision of the Computer Assisted Manufacturing will lead to tissue 
savings and to a more durable treatment. Let’s think for a while about 
the cutting excesses that we authorise just to fill one or more 
disadvantages of the material we have chosen to treat the substance 
loss…?! The thing is even worse since is ahs become a real reflex of 
conscientious practioner: it is not our fault, we were all “born” under 
the rules of volume production by moulding and lost wax. But we then 
had nothing else, we had to make do. 
Today, material science, thanks to several “strong” implusions 
(aeronautics, electronics, chemical industries…) had practically 
unlimited means so long as it is clearly defined our needs.  
 
 
 



F Duret and Coll. Principes de fonctionnement et applications techniques de l’empreinte optique dans l’exercice de cabinet 
(traduction Anglaise)  

Les Cahiers de Prothèse (50)  pp 73 – 110, 1985 
 

Page 106 
 
What’s left to do is let them do the entire realisation of the biomaterial 
until its final phase and the ulterior treatments necessary to the 
adaptation of the pre shape of the substance loss don’t perturb the 
acquired properties. We think that we need to radically change 
direction, give up on technical prowess due to the material’s 
exploitation mode and unjustly penalised by the financial fees they 
entail. 
 
Our objectives 
After having created a prosthetic volume just and precise by optical 
reading: 

- manufacture a material whose bioproperties will be closest to 
those of the destroyed tissue. This material will exist in the pre 
shapes with general properties stables and defined in the 
specifications 

- convert the prosthetic volume memorised by manufacturing the 
biomaterial pre shape 

- establish solid and durable links between the organ and the 
prosthetic volume manufactured in the chosen biomaterial. 

 
In the “unitary” dental biomaterial context, three values have to be 
studied and put together: 

- the prosthetic material 
- the linking agent 
- the receiving organ, that is to say for a unitary reconstitution, the 

dentin and dental enamel. 
 
The prosthetic material 
For the unitary biomaterial, six property categories have been isolated 
with regards to the concerned clinical requirements: 
Properties: physical, mechanical, chemical, optical, biological and 
technological. 
The first four properties are to be put together with those of enamel 
and dentin. The biological properties will limit or modify the previous 
properties to make the biomaterial compatible with the concerned 
tissues. Finally the technological requirements (manufacturing needs) 
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will determine amongst the chosen materials the one which will 
support the best the final constraint. 
 
Linking agent 
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The ideal solution would be that the prosthetic material would be the 
same nature as the receiving organ’s tissue, and that the linking agent 
would be a real chemical “adherence”, that is to say a molecular link 
between the material on the one hand and the enamel and dentin on 
the other. Unfortunately, we all know that such a proposition will stay 
wishful thinking. However, we concentrate all our research on this 
objective. 
Given into account the constant precision of CAM, we can insure 
interface spaces which can be evaluated to constant 50µm. We 
estimate that at this precision level, privileged links can establish 
between both present elements. 
At this justness degree, let’s say exactitude, we dispose of a solid 
discussion basis to evaluate the characteristics of the body which will 
be responsible for the links between the prosthetic material and the 
receiving organ. We consider that a linking agent must have a very 
specific power defined by the nature of present materials and the 
geometry of their interface. 
To a constant interface value will correspond a “sticking” notion; it is 
towards this notion, of course, that our preferences will go, especially 
when we know the ionic exchanges and therapeutic possibilities which 
come with it. 
To an uncertain interface value will correspond a “filling” notion; this 
is much less interesting for us and you wouldn’t be surprised to see us 
abandon this formula which has for only sense to establish a 
relationship between two surfaces whose shape can’t be foreseen. 
 
The receiving organ 
This will have for immediate effect the questioning of our 
preparations’ shapes. We will in each clinical case analyse, reason to 
conceive better the preparation style which will “save” it best. 

♦ The receiving organ (dentin and pulp parenchyma) 
♦ Associated formations (parondont, endost, ATM) 

These talks about the happy consequences of the manufacturing only 
constitute here a rough drawing of the dental biomaterial. We will 
remember of this short approach the fundamental notion. 
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The manufacturing give access to all materials while freeing us of 
extremely frustrating constraints of the fabrication of a volume by 
moulding or lost wax. The possession of a biomaterial with rigorously 
defined and constant performances will help the operator to better 
“reason” his action depending on the only requirements imposed by 
the clinical circumstances. 
 
CONCLUSION 
The realisation of a prosthesis mustn’t, today, anymore be considered 
an artistic action but a scientific realisation. It is necessary to delete 
from our vocabulary the term dental art which makes us certainly 
dreamy but opens the door to dangerous artistic “uncertainty”. The art 
zone seems to us more of a scientific no man’s land rather than a pure 
aesthetic creation zone. 
Despite the very high technology used for the fabrications, the 
prosthetic technique stays fundamentally arbitrary. Working with 
CAD/CAM enables us to have access to a multitude of interactions 
and manage the communications between the different realisation sub-
systems. 
As well as having a productive ensemble minimising the risks on 
traditional steps which we will keep, we are thinking of suppressing 
certain complex steps such as the use of articulators. Past the 
traditional production, we are given the choice of a multitude of new 
materials surpassing by far, by their mechanical and aesthetic 
qualities, the bodies which we know today. 
The hope which animates us mustn’t hide the extreme difficulty of 
realising such a set. However, even if for some we are in the dream 
zone, we all think we have opened a new way bringing high level 
techniques to our profession, that is to say electro optics, electronics, 
3D computer science and robotics. We also think that few methods 
today give us the same hope. 
The work presented by the teams such as B. TOUATI’s confirm our 
immense hope associated to materials as well as luting mode. 
 
 


