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Summary: CAD/CAM is an acronym that means computer-aided design/computer-aided manufacturing. CAD/CAM technology has been used in the manufacturing industry for many years. Today, CAD/CAM technology is used in dentistry to help dentists and dental lab technicians fabricate precise shapes and sizes for dental restorations, including inlays, onlays, crowns, and bridges. Dentists use CAD/CAM technology to provide their patients with durable, well-fitted single and multiple tooth restorations in a more efficient manner than traditional lab-fabricated restorations.

In this paper it will be explained how dentists and dental lab technicians use CAD/CAM technology to design the anatomical features, size and shape of a tooth restoration on a computer. The CAD/CAM computer screen displays a 3-D custom image of the teeth and gums, allowing the dentist to use a cursor to draw the precise design of the tooth restoration. The CAD/CAM machine fabricates the restoration through a milling chamber that crafts the tooth-like ceramic material into a precise replica of the drawing.
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1. INTRODUCTION 
Dental CAD/CAM technology is available for dental practices and dental laboratories, enabling dentists and their staff (or a laboratory technician) to design restorations on a computer screen [1]. The CAD/CAM computer displays a 3-D custom image of  prepared tooth or teeth obtained by digitally capturing the preparations with an optical scanner. Alternatively, the 3-D images can be obtained by scanning a traditional model obtained from conventional impressions of the preparations. The dentist or laboratory technician then uses those 3-D images and CAD software to draw and design the final restoration [2,3]. The amount of time it takes for a dentist, in-office restoration designer or laboratory technician to design a restoration varies based on skill, experience, and complexity of case and treatment. Some cases could take minutes, while others could require a half-hour or more of design time to ensure quality. Once the final restoration is designed, the crown, inlay, onlay, veneer or bridge is milled from a single block of ceramic material in a milling chamber. The restoration then can be customized with stains and glazes to create a more natural look, before being fired in an oven (similar to ceramics and pottery), and then finished and polished.

2. CAD/CAM SYSTEM CONFIGURATIONS
2.1 CAD/CAM in the Dental Office 
In-office CAD/CAM systems allow the dentist to take a digital impression and design the restoration, all in the doctor's office. Once the restoration has been milled, it is often polished or glazed before placement. Another approach is to send the scan or digital impression to the laboratory [1,2,3]. A laboratory technician designs the restoration on the computer and communicates that to the milling machine. The milling machine can be in the lab or outsourced to a milling center. Once the milling machine has completed the restoration, it may require layering porcelain and staining and glazing.
2.2 In office complete CAD/CAM systems – Chairside Intraoral Scan and Mill 
These systems allow the dentist in one patient visit to:

· Do an intraoral scan.

· Design the restoration.

· Mill the restoration.

· Stain and glaze the restoration.

· Seat the restoration.

Manufacturer and vendor are: CEREC (Sirona), E4D Dentist (D4D Technologies).
2.3 In office Intraoral Scanners - Chairside Intraoral Scan and Outsource Milling 
These systems allow the dentist to:

· Do an intraoral scan.

· View an interactive digital model.

· Design the restoration, in some cases.

Final steps to complete restoration:

· Virtual model trimming done by design center, lab, or SLA (stereolithography apparatus) facility.

· Stereolithographic model and dies are created by SLA facility.

· If zirconia restoration, coping can be made by milling center.

· If PFM restoration, wax coping can be made by milling center or SLA facility.

· Model and/or coping sent to laboratory to finalize restoration.
Manufacturer and vendor are: Lava Chairside Oral Scanner C.O.S. (3M ESPE), iTero (Cadent)

2.4 CAD/CAM in the Dental Laboratory 

Laboratory CAD/CAM systems can be standalone systems that allow dental laboratories to scan, design, and mill restorations; alternatively, restorations can be outsourced to a milling center where a coping is made. Laboratory CAD/CAM systems may also accept intraoral scans from dental practices and fabricate the final restoration. 
2.5 Laboratory CAD/CAM systems

Laboratory CAD and laboratory CAD/CAM systems include following:

· Use traditional impression techniques, have the model scanned, and make the restoration using CAD/CAM technology.

· Use any intraoral scanner and send the file to a participating lab or milling center for design and finishing. 

Manufacturer and vendor are: Cercon (DENTSPLY Ceramco), Everest (KaVo), Lava Precision Solutions (3M ESPE), Sirona InLab (Sirona), Zeno (Wieland)

2.6 Laboratory CAD systems

Some laboratories have made the investment in digital scanning and design technology. However, to complete the restoration, the lab will outsource the design to another company to mill. Send the restoration back to the design CAD lab for finishing, if applicable. Manufacturer and vendor are: Authorized Lava Milling Center (3M ESPE), Cercon (DENTSPLY Ceramco), GC Advanced Technologies Milling Center (GC America),Katana (Noritake), Procera (Nobel Biocare), Vericore (Whip Mix), Zeno (Wieland). 
2.7 Milling machines 

Every dental CAD system saves the model in a format that is suitable for manufacturing using CNC Machining Centres, laser sintering machines and 3D printing systems i.e. has export option for 3D printing and rapid prototyping machines. Today, there are 3, 4 and 5-axis CAM milling  machines to help us manufacture simple and anatomical copings and bridge frameworks, inlays, onlays, dental bars, implant bridges, and customised abutments. Every completely  CAM system uses industry standard formats to enable easy model sharing and connectivity between other  CAD/CAM systems and CNC machines. 3-axis machining module offers fast, effcient cutting strategies for most dental applications [5,6,7]. The optional 4- and 5-axis module gives the added flexibility needed to cut undercut regions and other more complex shapes such as dental bars, implant bridges and customised abutments. On the figure 1 it is given a part of one CAD software where we can see how is easy manipulating with our dental model. 
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Fig. 1 Part of one dental CAD software [5]
On the figure 2, we can see how milling tool is in contact with dental materials i.e. tool in work.
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Fig. 2 Contact between tool and dental material [5]
Toolpath at dental milling systems is fully automated and as a result of this it is produced high finished parts and reduced cutting times, as shown on figure 3.
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Fig. 3 Toolpath at dental milling systems [5]
Almost every dental CAM milling system use materials such as: Titanium, zirconium or zirconia dental PMMA, nano composites, Al-Oxide (Aluminum Oxide), dental wax and alloys, chrome-cobalt (CoCr), titan and composites, as can be seen on the figure 4.
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Fig. 4 Different dental materials used in CAM milling systems [5]
Dental CAM system recognizes the margin line as the most critical part of the model and applies unique cutting strategies in this area to ensure high accuracy, therefore minimizing hand finishing, as shown on the figure 5. 
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Fig. 5 Dental CAM system recognizes the margin line [5]
On the figure 6 it is shown dental milling tool in action producing fast and accurate finished dental products.
[image: image9.png]



Fig. 6 Dental milling tool in action [5]
As end or finished product of dental milling machine, 3-, 4- and 5-axis CAM milling program, can be simple and anatomical copings and bridge frameworks, inlays, onlays, dental bars, implant bridges, and customised abutments, figure 7 and figure 8.
   [image: image10.png]


     [image: image11.png]



Fig. 7 End product of dental milling machine [5]
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Fig. 8 Finished product of dental milling machine [5]
3. CONCLUSION
All-ceramic restorations, including those fabricated at a dental laboratory using CAD/CAM technology, tend to be a more expensive restorative solution. However, even though the materials for CAD/CAM restorations might cost more, the expense incurred by the dental laboratory and/or the dentist may not be passed onto the patient. Also, there is no additional fee or cost to have a restoration placed in one visit as opposed to two. Insurance reimbursement is similar for in-office, same day dentistry or laboratory-fabricated restorations.
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