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The prosthesis of tomorrow 
will be CAD / CAM or … 

> Our expert  

François DURET  
Doctor of Dental Surgery and 
Odontology, Master in Sciences 
and PhD in Medicine/Biology H. 

 

No one can ignore the digital revolution 
of our profession. The dental prosthesis 
is turning a new page right now, offering 
possibilities that we considered as 
dreams yesterday! 

Prostheses of better quality, more 
resistant, more biocompatible and more 
aesthetic are now within reach. Who 
better than François Duret, at the origin 
of innumerable innovations in our 
profession, to talk about his first 
invention, at 22 years old: 

The CAD / CAM revolution 

 

 

What is 
CAD / CAM exactly? 

Behind this generic term - that everyone 
knows - CAD / CAM or "Computer 
Assisted Design and Manufacturing» 
(CFAO* in French) - hides a complex, 
evolutionary and fundamental 
technique. In addition, the dedicated 
CAM, that is to say that apply to a 
specific domain such as dentistry, can 
range from simple technological change 
to the questioning of millennial 
fundamental principles that guide our 
mind to apply our creativity. It is so 
difficult to define. It covers the "design" 
aspect (creation, modification, 
rulemaking action ...), the 
"manufacturing" part (machining in all 
its forms, materials ...) but also the 
connection between the design and 
manufacture (dialogue, connection, Wi-
Fi, Internet, specific or universal 
language ...). The CAD / CAM is not only 
that, it is much more: it is a "technique 
in which man and machine come 
together to solve problems" ... Let us not 
forget that behind the term "assisted" 
hides a notion where the man "remains 
the master with all his know-how and all 
his creativity. 

 

Furthermore, CAD / CAM is not limited 
to the manufacture of prostheses as we 
too often read it. 

It designs and uses all the digital tools 
applicable on the scanned model to 
apply computer-based medical 
diagnostics (DentoFacial Orthopedics ...) 
and artificial intelligence, or other 
expert systems. 

It is a universal method being applied to 
a real object whose physical 
characteristics are known. This is 
probably why the Anglo-Saxons always 
have refused to merge the two 
functions: CAD and CAM in CAD / CAM. 
For them the function is complementary 
but different. This point of view allows 
to better define this definition more 
complex than it seems. 

The CAD introduces two fundamental 
concepts: that of the human-machine 
dialogue where the qualities of the 
human being will be best used 
(knowledge, synthesis, inventions ...) 
and that of the representation of the 
object which will always have to be in 
an accessible format to the user and / 
or the analysis and proposal software. 
It is this dialogue that has hindered our 
elders but that new generations 
perfectly masters. 

CAM, the second step of the process, 
for its part, is the use of the computer 
tool to plan, manage and control the 
manufacturing operations; the 
manufacture itself being only the final 
step. It is especially this aspect that 
challenges the entire structuring of our 

daily practice and, in particular, 
relationships between dentists and 
dental technicians. 

In what way, in dental prosthesis, does 
CAD / CAM differ from CAD / CAM in 
general? 

 

I do not like this expression "CAD / CAM 
in Dental Prosthesis". It is both 
restrictive in its function and limiting in 
its applications. Let's talk about Dental 
(and Medical) CAD / CAM. 
The difference between CAD / CAM in 
general and dental CAD / CAM is a 
historical notion. 

For this, it must be remembered that the 
dental CADCAM invention was made in 
December 1970. The chain then defined 
and presented was fundamentally 
different from what was known and 
imaginable at the time. Since it has been 
copied by all branches of the industry, 
which is in perfect harmony with the 
rules of the scientific world. This is not 
the opposite, in fact: 

• It was the first known application 
having proposed a complete chain: 
analog / digital conversion, modeling, 
man-machine dialogue, policy 
management design and 
manufacturing, digital / analog 
conversion, manufacture of the 
prosthetic component. 
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So far, operators working on objects 
they had created on screen and whose 
architects were most fond (the concept 
of analog / digital conversion does not 
exist) or, as Mr. Beziers at Régie Renault 
(state-owned company), they exactly 
reproduced the shape measured by the 
sensor to avoid the tedious manual 
sculptures of design models ; 

• It was the first known application 
wherein the chain end object (the 
prosthesis) was fundamentally different 
from the object that entered the chain 
(the preparation). It was no longer a 
question of reproducing 'n' identical 
objects; 

• It was the first known application 
programming rules governing these 
transformations, in accordance with the 
profession using it (orders to follow in 
order to obtain a beautiful prosthesis 
from a preparation were defined by 
computer). The object was always 
different and respected its environment. 

We must remember, it seems to me, 
that it is especially the first method 
which introduced the concept of 
digitization of any object (the mouth of 
the patient) leading, thanks to this 
complex chain CAD / CAM, to the 
fabrication of something different and 
complementary. 

Dentistry has invented the complete 
CAD / CAM chain as we understand it 
today. It is identical to other systems 
because its manufacturers have seen a 
new area of application (and not the 
other way around). 

What are the main steps in making a 
partial or total unit restoration?  

We first register data, that is to say the 
list of the points constituting the surface 
of the preparations. This step is called 
the analog / digital conversion. For this 
there are two distinct ways: 

• optical impression taking directly in 
the mouth.Cerec from Sirona is now 
master of this technology, followed 
more and more closely by the Lava Cos 
from 3M ESPE (Image 1). Other systems 
are appearing and will continue to 
contribute to the increasingly important 
implantation of the direct method; 

 

1. To minimize impression errors, you may 
use an intra-oral camera (here, Lava Cos). 

• The taking of impression using 
mechanical probes increasingly 
supplanted by optical scanners  
(Image. 2). This optical impression is 
indirect, in having to go through the 
traditional impression which, after 
casting, will be scanned by these devices 
present most often in laboratories. The 
collected data is sent to the computer as 
dots, this is called a cloud of points, that 
a modeling software will use to 
reconstruct a continuous surface 
representing the preparation and its 
environment (Image 3).This is called 
"step" or "modeling phase" of the model 
and / or prosthesis.  

Then began the man-machine dialogue: 
after setting the treated tooth, the 
material used, the patient's name ... the 
limits of or preparations (finish line 
contact areas ...) are interactively traced 
/ controlled in 'screen. 

After this step, the "dental" CAD 
software, knowing the desired thickness 
for cement, will propose a so-called 
theoretical tooth model and adapt it 
partially to the preparation(s) (Image 4). 
The operator has "virtual" tools allowing 
him to manually finish on screen the 
adaptations that he might consider 
necessary, such as respect and the type 
of occlusion (in the most sophisticated 
systems). 

 

2. In labs equipped with a CAD / CAM 
system, scanners (here, the Cynoprod i3 
Evolution, double head scanner) are 
extensively used to perform the optical 
impression on a model transmitted by 
the surgeon-dentist. 

 

3. The resulting virtual model can show a 
realism close to the real model as shown 
in this detail of an impression made with 
the Lava System (3M ESPE). 

 

4. The adaptation of the theoretical tooth 
present in the computer's memory is 
automatic now in all systems. It is often 
based on the listed elements or 
controlled by the operator (here, the 
finishing line with the GN1 GC system). 

The future reconstruction being 
"modeled" (Image 5), it will be 
transformed into specific data 
recognizable by the numerical control of 
the machine tool. The transition from 
the virtual model to the actual 
prosthesis is called digital / analog 
conversion. 



 

Clinic – March 2010 – Vol. 31 

This realization can be done by 
subtraction (milling, electro erosion, and 
ultrasound) or by addition (rapid 
prototyping, plasma spraying, point 
fusion ...). 

 

5. The final result is particularly realistic 
and can concern all types of prostheses 
(here, modeling a ceramic with the 
Cynovad system). 

 

Which materials can be machined in 
CAD / CAM? 

 

All materials. This is undoubtedly one of 
the most fundamental contributions of 
CAD / CAM to dentistry. It has allowed 
our science to open up to all machinable 
materials. In this huge choice will 
appear, year after year, new materials. 
Today, Zirconia is the most obvious 
example. Almost unusable in the 
traditional method, CAD / CAM has 
made it accessible for the aesthetic well-
being of patients. 

Can be varied mathematically and 
homothetically (or not also) the volume 
and modeling of 10 to 30% has made 
possible the fact of working as zirconia 
TZP (Tetragonal Zirconia Polycrystals), 
even if the HIP (Hot Isostatic Pressure) is 
also feasible in dental CAD / CAM. 

 

Tomorrow, it will be on criteria of 
orientation of the components of 
heterogeneous materials that we will 
work. 

What were the constraints of yesterday 
and what are today's?  

You are probably talking about 
materials. 

Yesterday, the major criterion that led 
the selection was the answer to the 
question: Can this material be used by 
the techniques available in our private 

laboratories? Injection (lost wax) being 
the most practiced, it reduced our field 
of investigation to less than 2% of the 
available materials on earth. Then, the 
criterion of biocompatibility was refining 
selection. There was not much left: 
some metal alloys, resins and some 
ceramics. Today, almost everything is 
machinable (Images 6 & 7), we go 
directly to the criterion of 
"biocompatibility" and can focus our 
efforts on medical action, the heart of 
our business. 

 

 

6.  In the end, all materials are machinable 
including industrial resins or even 
wood... 

 

7. You can also machine the same 
prosthesis in different materials over and 
over (here, with GC's GN1 system). 

 

Today's constraints are associated with 
the weak developments started on this 
track, which nevertheless appears 
promising. We still remain too 
traditional and we reassure us by using 
"ceramics". It reminds me of the first 
cars that looked more like a horse-
drawn carriage than a car! Today's 
constraint is human, not technical. 
When the technical constraint will 
appear for dental CAD / CAM, which will 
surely happen one day, we will have a 
huge selection of materials. 

Is a prosthesis manufactured by the 
CAD / CAM process better than 
another?  

If we believe the main users, the 
prosthetists equipped with CAD / CAM, 
the answer is yes. 

Rather let's seek the reasons for this 
answer: 

• Regarding the impression, the optical 
method is both more accurate and more 
respectful of the model on which we will 
work. Being scanned makes 
indeformable the data of the spatial 
position of each of points constituting 
the surface of our preparation.  

It is not the same with our  
alginate impression, even if we put wet 
cottons ... These points are known as an 
information register, a matrix(x, y, z ...) 
indeformable since it is digital, and the 
more the computer technology 
advances, the higher the resolution 
(number of points) will be. It will be the 
same for the precision that will evolve 
with the progression of methods and 
sensors (CCI, Cmos). To give an example, 
the first dental CAD / CAM system used 
250,000 points per view, today we are 
talking about 30 million! 

• Regarding the transfer dental practice-
laboratory, digital transmission meets 
the most impression than the multitude 
of castings, copies ... not to mention 
transport, even if the dental impression 
is made of plaster (dental stone); 

• Regarding modeling, being able to 
work on a "model" magnified on the 
screen obviously makes the 
interventions easier and more precise. 
Soon the work will be done on virtual 3D 
models "off the screen", as the operator 
did on his "stone model", but he could 
not anymore distort it, wear out or even 
break. The loop will be closed; 

• Finally, the CAD / CAM manufacture of 
the prosthesis allows to control its 
realization on precise mechanical 
criteria, specific to each prosthesis and 
modular, rather than on empirical and 
general observations (hygroscopic 
coatings ...). 

Otherwise, the constraints are the same: 
a serious and respectful work of the 
physical, chemical and biological 
properties of the material is the rule. 
Certainly, material traceability, not in 
the past, became obligation in CAD / 
CAM but it is necessary that the final 
handling conditions are respected in 
both techniques. 

Are the various currently available 
processes comparable? 
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No, but you will always have the 
equivalent of the money that you will be 
investing! 

The processes are not comparable. 
There is a direct relationship between 
the performance of the machine and its 
selling price. CAD / CAM Equipment 
manufacturers do not achieve their 
main margin on the equipment but on 
the consumable, updates, 
developments and after-sales service 
included. The more options (crowns, 
bridges, occlusion, implants ...) the 
system offers, the more expensive it is. 

Small devices are limited in application 
and cannot be used in the dental 
practice because they require a 
preparation work (the model for the 
scanner) and a finishing job that only the 
prosthetist masters.  

Large devices are very expensive and 
can involve only large laboratories or 
business combination as SMC (Civil 
Society of Means: non-trading private 
company). 

The off-center equipment (scanner or 
CAD / CAM are in the dental practice / 
laboratory, while manufacturing is 
ensured by an industrial plant) reduce 
the cost but increase the complexity of 
the production line. 

There is a real product line for the dental 
practice where the Cerec is the 
undisputed leader. Its results are 
excellent and its agile handling complies 
with the requirements of a dental 
practice. The Lava Cos is finding its niche 
on solid and serious techno-scientific 
bases. I have some reservations about 
the four other dental devices that I do 
not know enough to judge. A dental 
surgeon, who does not have an 
integrated laboratory, will have to turn 
to this type of equipment with no 
hesitation, the other devices can only be 
mastered by prosthetists. 

Which approach should we adopted to 
access and adopt CAD / CAM? 

They are financial then clinical, the 
handling coming from itself since 
manufacturers have excellent trainers. 
The fear of the device should not be a 
factor because 1 to 3 days of good 
training will suffice, depending on your 

computer level. Remember to opt for a 
telephone follow-up the first year (very 
important, because the questions we 
ask ourselves appear in the first lonely 
manipulations). First of all, quickly check 
that the profitability of the system is 
possible in your daily exercise. For this, 
you must bring it in line with the 
monthly / quarterly cost of the device. 

• You have fixed costs that are leasing 
(always take a lease with upgrade / 
recovery because the devices are 
evolving faster and faster), cost of 
maintenance (important for calibration 
devices ...) and insurance; 

• You have variable costs that are based 
on your use forecasts: the cost of the 
preform (know if you do more ceramics, 
temporary...), the cost of tooling of the 
machine-tool (tools , lubricant ...), cost-
man if it is not you who handle 
(counting, for safety, minimum 1 hour 
per element) and possibly supplies 
(electricity, water ...). You will arrive at 2 
sums, one invariable (dare I say) and 
which must be paid regardless of your 
level of use, and the other variables that 
will grow with your real use. 

You will then draw 2 lines on a chart 
where you have the number of elements 
made per month on the x-axis and the 
average cost of the element on the y-
axis. The first line will be the one 
corresponding to the current cost paid 
using the traditional method (steady 
growing from the point [0.0]) and 
another one where you will have the 
cost using dental CAD / CAM (crossing 
the x-axis on the value of fixed costs but 
its growth will be faster). The 
intersection of these two lines will be at 
an important point called point of 
profitability. 

This point indicates, on the y-axis, the 
minimum number of elements that 
must be done monthly (quarterly) for 
the purchase to be profitable. 

This chart will also show you the savings 
achieved beyond this minimum number 
of profitability. 

Usually this point is between 25 and 30 
elements per month for a dental office. 
Long live the group practices (Image 8). 

 

It goes without saying that this 
presentation is simplistic. If you want to 
take the step, recalculate this with your 
accountant. 

 

It excludes the joy of manipulating this 
wonderful tool or that of working with 
his prosthetist, essential companion 
who can take care of CAD / CAM. This 
cannot be calculated!  

It also does not take into account the 
time savings and the given image of your 
professional practice. 

Then, check whether the equipment 
corresponds to your method of 
preparation and the one required by 
your favorite materials (these are 
materials that limit the preparation, not 
the optical impression). To avoid 
disappointment, I advise you to test 
several systems with your own models. 
Never use demonstration models. Your 
model should preferably have two lower 
central incisors, particularly high and 
close together, prepared by you. The 
optical impression made on this type of 
preparation is the most difficult to scan. 
It does not like the vertical preparations 
and / or close! 

For modeling, there is nothing to say 
because all systems are now excellent. 
As you choose a car, you will prefer one 
system over another, it will be personal. 
The kindness and competence of your 
trainer will be there for many! 

Finally, you have to go until the 
completion of the prosthetic part to 
properly control the finish, especially at 
its outfit, respect for the finish line you 
drew on the screen and the quality of 
the occlusion if it exists. 

This first step successfully passed, try 
other types of prostheses such as inlays-
onlays and particularly divergent 
posterior bridges.  

Today, a very good method to get into 
the field of CAD / CAM is to start 
together with your prosthetist: to you 
the intraoral camera (or scanner) and to 
him the rest of the chain. To me, this is 
an excellent introduction and the 
beginning of a future promising 
collaboration. 
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8.  The profitability of a CAD / CAM system, the first data to study before any 
investment is located at the intersection of two curves "with" and 
"without" CAD / CAM. 


