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                                                  CAD/CAM
During your age of dentistry this will be normal dental practice after 10 years.
The CAD/CAM technology means computer-aided design/ computer-aided manufacturing or computer-assisted machine. The main application for this technology is fixed prosthodontics especially metal restorations, titanium-based bridges, implant abutments and implant surgery.
Any CAD/CAM unit contains digitalization unit, instead of taking impression and pouring it to get a model (replica for the patient’s mouth) and this model will occupy a space, in CAD/CAM technology we have soft copy model, we take it by digitalization unit or what so called data acquisition. The data acquisition might be through a mechanical scanner, the mechanical scanning is either through something called profile meta or through small-computer controlled- circular probe you move it around the die or inside the patient’s mouth and it will read about 360.000 coordinates(احداثية), this means that it almost an infinite, even the small sized pits will be scanned, so it has high accuracy. Also the data acquisition might be through optical scanner, it is a light you pass it around the die or inside the patient’s mouth in three axises and it will read it, the optical scanning might be through camera or laser scanner or white beam scanner and the reflection of the scanning will go to a screen and the screen will analyze these information. Now you have normal software and you can work on it and build a crown virtually then you send your order to a milling machine, the milling machine could be chair side (intraoral milling machine) or it could be laboratory or it could be centralized (there are milling centers in Sweden, America and Dubai), the milling center will fabricate the inside surface and send it back to you. 
 Using the conventional way of metal fabrication (casting), we make wax pattern on the die then we make sprue then we put it in investment material, then pre-heating to eliminate the wax then we increase the temperature to melt the metal and under pressure we pour the metal, when the metal return to the solid state it will shrink, we compensate for this shrinkage by many factors such as the expansion of investment material (hygroscopic low-heat technique expansion and high-heat thermal expansion technique), and the expansion of casting ring liner. Any problem or mistake in one of these factors will cause a problem in the final result. These mistakes are much less in the CAD/CAM technology so it is easier to use it.
As you remember it is almost impossible to produce zirconia crown without CAD/CAM technology because zirconia is hard to mill, we should bring it in pre-sintering stage to be able to deal with it using bur for example, after sintering, shrinkage will occur. If it is computer controlled, the computer will make over sized die (the magnification is about 25%) on which we build the green zirconia then lathing to pre sintered stage will be made to this over sized die then when we put it in the furnace, shrinkage to the actual size will occur.
In chair side milling unit we have certain inputs, it might be feldspathic  porcelain, composite or zirconia, but if the input is zirconia we make only the inner part of it then we send it to the lab to add porcelain to it. Now a days we have something called monoled zirconia where we can do milling or sintering as one block. The chair side milling unit we can use it for inlays, veneers and three unit bridge, but we can’t use it for more than that.
The laboratory milling unit we can use it for previously mentioned things in addition to multi unit bridge.
All intra oral milling units make three unit bridges, crowns, inlays, mono chromatic veneers (one shade). The milling time of chair side milling unit is about 15 min to one hour and you cement the final crown or bridge in the same day.
All of that we call it prototyping machine based on subtractive technology and it is an old technology, what will happen after 10-15 years is that a new technology called laser printing will come.
In the main milling centers we have something called 3 axis milling unit (x-axis, z-axis and y-axis) it can do crowns, veneers, 3-unit bridges, inlays, and there is something called 4-axis milling units (in addition to the three axises, there is rotational movement) which can do full arch reconstruction. Also there is 5-axis milling unit which has spring   (زنبرك) and it has higher accuracy, it can do implants, implant abutment and full arch reconstruction.
CAD/CAM systems:
CYNOPROD which we can find it in Jordan, Procera in Sweden, CEREC which is the only manufacturer that provides both in office and laboratory modalities, also there is Lava system we don’t hear a lot about it in Jordan, and Everest system has been used in Jordan but now it is not used any more.
Restorative materials used in CAD/CAM:
Zirconia, glass ceramics, alumina (not used any more) and Inceram (also not used any more). So for now the materials that we use in CAD/CAM are zirconia and glass ceramics (like E-max and lithium disilicate).
What is the difference between CAD/CAM and conventional way:
First thing, the preparation must be neat and everything in it is visible for example if we have sub-gingival finish line we have to open the sulcus much more to make everything visible, for this purpose we can use bigger size retraction cord or it is better to use retraction paste in this case. We must do finalization of the preparation using finishing burs (burs with yellow line), ARKANSAS finishing/polishing burs or composite finishing discs. So the preparation should be smooth with no sharp angles, because any sharp angle can’t be readable by the scanner, this was a problem in old ceramic systems which create excess cement space underneath the crown. After preparation we can take optical impression inside the patient’s mouth using camera and special powder and make the design we want then send it to the lab or the milling center, or we can take highly accurate impression and send it to the lab to read it.
As you know there is no final restoration with zero gaps, but the maximum acceptable gap size is 50-100 µ. Do we need to replace these crowns if the gap size was more than the maximum limit? If the patient has good oral hygiene and accessible to fluoride application, there is no need for replacement. There is an old study saying that up to 120 µ is clinically acceptable. If we use very sharp probe to check the junction between tooth and metal and we feel a step that means there is a gap more than 50µ. And as you know the primary cause of fail of ceramo-metal restorations is secondary caries that starts at the junction between tooth and restorations.
We talked about something called bi-layered ceramics, the inside layer is made by CAD/CAM technology and the outside layer is made by conventional addition of porcelain, this method may cause voids which might lead to fracture. Now a days this is not a problem because we use zirconia and at the top we use impressed ceramic or we can even CAD/CAM the feldspathic porcelain or the overall structure can be made from zirconia.
What are the etchable ceramics (can be etched by hydrofluoric acid)? The glass ceramics specially feldspathic porcelain and lithium disilicate or impress ceramic. Until the last year the zirconia was non-etchable/non-bondable ceramic, in 2014 it becomes non-etchable/bondable ceramic. So we can say it is possible to bond zirconia veneers, this will solve the problem of translucency of Emax, for example in the case of severe staining, it can’t be removed or masked even with lithium disilicate veneers so if we have zirconia veneers which are dull ceramics or opaque ceramics we can mask the underneath tooth structure with minimal preparation. In the past when we couldn’t mask the staining by veneers, the only solution was to make crowns. Now a days we say it might be possible to bond to zirconia, if you can bond to zirconia then you can do a veneer with zirconia.
Now a days we still talking about subtractive methods in which we do milling with alumina/zirconia ceramics, these undergo prototyping in an additive method as we collect small particles to get the final structure at the end.
How can we use CAD/CAM in implants?  
[bookmark: _GoBack]We can use surgical template with barium sulfate, the role of barium sulfate is when we take cone beam CT image for the patient we want the teeth to appear on the X-ray and we can use this image to measure the spaces available. Also we do milling for a surgical guide which makes the placement of implant easier. In the past we used to do milling for implant abutment, now a days we can design it on the computer to get the shape and shade you looking for. Also in the past the implant was only from titanium but now we can use zirconia with the crown made from zirconia or Emax.



                                                         The End 
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