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Abstract: Contemporary dentistry has evolved in terms of digitization and is advancing towards computer-aided
design/computer-aided manufacturing (CAD/CAM) technology. CAD/CAM technology in dentistry was
introduced in the mid-1980s. Fabrication of CAD/CAM restoration is as both chairside and chair side-laboratory
integrated. There have been various new developments in dental materials and engineering in the past 20 years
whichhas led to the success of CAD/CAM technology. Knowledge in accordance with the technology has helped
us to plot and build 3D models, supported virtual prototypes with the assistance of a computer numerical
control (CNC) device. Computers can nowbe accustomed to create accurately detailed projects which will
be assessed from different perspectives in a very process referred to as computer aided design (CAD). To
materialize virtual objects using CAD, a computer- aided manufacturing (CAM) process has been developed.
CAM operates employing a machine connected to a computer to convert a virtual file into a true object.
CAD/CAM technology employs a non-invasive three-dimensional(3D) imaging system. In this article we try to
summarize some important and basic information aboutthe uses of CAD/CAM technology generally and specially in
the field of Prosthodontic dentistry.
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Introduction: CAD/CAM is an acronym for Computer-Aided Designing and Computer-Assisted Manufacturing.
CAD/CAM was first introduced into dentistry within the 1970s with Duret and Preston.? Digitization using
CAD/CAM technology has become popular in past few decades. Within the early 1980s, CAD/CAM technology
was used to produce clinical dental restorations.®> CAD/CAM has been particularly useful in dentistry in permitting
the fabrication

of custom, patient-specific restorations and prosthesis without having to use traditional analogue dental laboratory
methods.* In 1980s the event of the CEREC system helped in establishing.

CAD/CAM as a routine technology in many dental laboratories and a few clinical practices.’ It had
been introduced to boost the planning and creation of dental restorations, especially dental prosthesis, including
crowns, veneers, inlays and onlays, fixed bridges, implant restorations, dentures (removable or fixed) and
orthodontic appliances.®” CAD'CAM technology was developed to unravel three challenges. The primary
challenge was to make sure adequate strength of the restoration, especially for posterior teeth. The secondchallenge
was to form restorations with a natural appearance. The third challenge was to create tooth restoration easier,
faster, and more accurate.8

In some cases, CAD/CAM technology provides patients with same-day restorations.® CAD/CAM of
complete dentures was introduced following the success of CAD/CAM in implant and glued prosthodontics.®
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CAD/CAM technology, particularly the chair-side system, offers dentists a number of advantages such as
less dependence on the dental technician, less number of patient visits, simplified technical procedures, reduced
consumption of materials, increased productivity andcost-effective dental restorations.®

However, the CAD/CAM technology has some limitations including high initial cost of purchasing
the CAD/CAM system, time and cost investment to master the technique on the dentist/technician side, some
difficulties in acquisition of accurate digital impressions for multiple unit prosthesis., and a chance of fabrication
errors or faulty shaping, especially with multi-unit dental restorations, which may risk the mechanical properties of
the produced restorations. %

CAD/CAM technology so far has become an essential part of modern dentistry.*> Computer-aided
design and computer-aided manufacturing (CAD/CAM) has emerged as a new approach for the design and
fabrication of complete dentures.*® The use of CAD/CAM was limited in the production of complete dentures due
to the lack of suitable CAD software until recently.’* However, in this article we try to summarize some important
and basic informationabout the uses of CAD/CAM technology generally and specially in the field of Prosthodontic
dentistry.

History:

* In dentistry the major development of CAD/CAM systems occurred in 1980’s by Mormann & Brandestinni in
Germany.!

Dr Duret was the first person to develop a dental CAD/CAM device, making crowns based on an optical
impression of the abutment tooth and using a numerically controlledmilling machine as early as 1971. Dr Duret
later developed the Sopha system that became a landmark in the development of the current dental
CAD/CAM.®

Dr Mormann was the developer of the first commercial CAD/CAM system i.e Cerec System.

® 1971 - Duret introduced CAD/CAM technology in dentistry.

® 1983 - First dental CAD/CAM restoration was manufactured.

Duret begun the fabrication of crowns with the use of an optical impression of the preparation in the mouth in
which designing was done using functional movements, and then the milling was done in a milling machine
that was numerically coordinated.

CEREC- First to be introduced for dental purpose in the mid 1980’s. Developed by Siemens Corporation.*
Advantages of CAD/CAM Systems:

No Traditional Impressions.

Produce Chair-side Restorations.

Less appointment.

High Precision and Accuracy.

Improve the Qualities of Restoration.

Eliminates the employment of the Laboratory Equipments required for ConventionalLOST-WAX technique.
Speed, simple use, and quality Digital scans.

Faster design and fabrication.

Natural appearance CAD/CAM restorations

imitations of CAD/CAM systems:

High initial cost of the equipment.

High initial cost of the software.

The practitioner needs to spend time and money on training and to master thetechnique.®

Dentists without large enough volume of restoration will have a difficult time makingtheir investment to
provide refunds immediately.*®

Components of CAD-CAM:

1. SCANNER / DATA COLLECTING TOOL

2. DESIGN SOFTWARE

3. PROCESSING DEVICES

1. SCANNER / DATA COLLECTING TOOL

It includes the data collection tools that measure 3-D jaw and tooth structures and transformthem into digital data
sets.

The data acquisition is either performed directly in the patient’s mouth (intraoral) or indirectly after taking an
impression and fabricating a master cast (extraoral).®

There are two different types of scanners

(A) Optical scanner.

(B) Mechanical scanner.

CVVVVVVVVY
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(A) Optical Scanner:

1.
2.

It involves the gathering of 3D structures during a so- called ‘triangulation procedure’.

The source of light and therefore the receptor unit are in a very definite angle in their relationship to 1
another.

White light projections or a beam of light can function a source of illumination.
Eg:

Lava scan (3M ESPE, white light projections)

esl (etkon, laser beam)?’

(B) Mechanical Scanner:

v AR NANLEL I

.V.....

The master cast is read mechanically line-by-line by means ofa ruby ball and also the 3-D structure is measured.
The procera scanner from Noble Biocare

This sort of scanner is distinguished by high scanning accuracy, whereby the diameter of the rubber ball is
ready to the littlest grinder within the milling system.

The disadvantages of this data measurement technique are to be seen in extremely complicated mechanics,
which makes the apparatus very expensive with long processing time as compared to optical scanners.

. DESIGN SOFTWARE

Construction of crown, frameworks and fixed partial dentures can be done using this software.

Inlays, partial crowns, full anatomical crowns, inlay retained FPDs and telescopic primary crowns can also be
designed with the help of some systems.

The software of CAD/CAM systems presently available on the market is being continuously improved.

The most recent construction possibilities are continuously available to the user by means of updates. This
information of the construction may be stored in various data formats.

Hence, the basic idea is usually standard transformation language (STL) data.

Many manufacturers, however, use their own data formats, specific to it particular manufacturer, with the
result that data of the development programs don't seem to be compatible with one another.*®

. PROCESSING DEVICES

The development of data produced with the help of CAD software are converted into milling strips for CAM
processing and are finally locked into the milling devices.

Number of milling axes are used to distinguish the processing devices.
Accordingly, they are of 3 types:

3-axes devices

4-axes devices

5-axes devices

Processing Techniques:

There are two types of processing techniques:

Additive manufacturing

Subtractive manufacturing

Additive Manufacturing®®: Additive manufacturing process indulges the information froma CAD file which is
then converted to a stereolithography (STL) file. The drawingmade in this process is approximated by means
triangles and slices which further provides the information of each layer that is going to be printed.

Rapid Prototyping/3D Printing

The STL File

Fused Deposition Modeling

Selective Laser Sintering

Rapid Prototyping/3D Printing
Subtractive Technologies (Machining)

Consolidation processes such as casting or molding, use custom designed tooling to solidify material into the
desired shape.

Currently, subtractive milling is the most widely implemented computer-aided manufacturing protocol in
dentistry and it has been shown to be a suitable method for fabricating intraoral prostheses.
Materials for CAD-CAM:

Materials for processing by CAD-CAM devices depends on the respective production system.
The materials normally processed by CAD-CAM Systems include-
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> Silica-based ceramics
> Metals
> Infiltrated ceramics

» Resin materials
CAD/CAM Systems:
These are of 3 types:

Chairside / In office system

CAD-CAM dental laboratory system

Centralised Production

Chairside / In office system:

Most widely used is the CEREC system.

Intraorally scanning of the preparation and selection of appropriate materials is done bythe help of this system
because of which the restorations can be fabricated and seated within a single appointment.

All the components of the CAD-CAM system are located in the dental clinic.

Fabrication of dental restorations can be done chairside without laboratory procedures.

Digitization instrument is an intraoral camera.
Example: CEREC AC, LAVA chairside oral scanner.?°
Advantages:
» It saves time
» Offers patient prosthesis in a single appointment.
(2) CAD-CAM dental laboratory system:
[ ]

In this, the dentist sends the impression to the laboratory where the master cast isfabricated first.

¢ e WK
N—r

e Theremaining steps are carried out in the laboratory.
e With the assistance of a scanner, 3D data are processed by means of dental designsoftware.
[ ]

The processed data is then sent to a special milling device that produces the realgeometry in the dental
laboratory.

e Finally, the exact fit of the framework can be evaluated and corrected if necessary.
(3) Centralised Production in milling centre:

e |t is possible for satellite scanner in the dental laboratory to be connected to the production unit
through the internet.

e The produced data sets are then sent to the production centre for the restorations to beproduced with CAD-
CAM device.
Advantages:

» Minimizes the cost to the laboratory

» Improve fabrication efficiencies

CAD/CAM technology in Removable Prosthodontics:

e In recent years, framework design is drawn for removable partial denture on the working cast and scanned
using laboratory scanner.

e The framework is always fabricated by printing a photo framework and then cast withchromium-cobalt alloy
or directly from chromium-cobalt through direct metal laser sintering.
CAD/CAM technology in Fixed Prosthodontics:

e CEREC in Lab system - The tooth preparation die is secured in the scanning platform and data is captured
using a non-contact laser.

A Ceramic block (ingot) is then placed in the milling chamber.
Two milling diamonds create the precise restoration.
Porcelain build-up is done which results in an aesthetically pleasing restoration.

Hence, then the fit is confirmed in the patient’s mouth and required adjustments are don
CAD/CAM technology in Implant Prosthodontics:

e Patient-specific abutments can be fabricated with the use of CAD/CAM.

It allows simplified production of precise and durable components.

Precision of fit has been attributed to the design of implants.

Milling also facilitates component fabrication from durable and aesthetic materials.
The CAD component virtually designs the 3-D contour of final implant component.

e.21
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e The CAM system produces the actual implant component according to the virtual design.

e Implant abutments and framework are produced at central production.
Example: Procera, Etkon, CAM structure & Atlantis.

e Primary abutment is fabricated from commercially pure titanium via computerizedmilling technique and
computerized designing of abutments is done.

e Another duplicate abutment is milled which is functionally similar to primary abutment, hence reducing chair
time.?
CAD/CAM technology in Maxillofacial Prosthodontics:

e |t can be used for fabrication of maxillofacial prosthesis, extraoral radiation devices,individual respiratory
masks and facial protection devices, etc.

e CAD software is used for 3-D surface imaging.

e This 3-D surface image aids in the fabrication of resin model with lithographictechniques and hence wax
pattern is made.

e Computer assisted 3-D imaging is done after the computed wax pattern.

e Prosthesis is milled by computer aided milling machine and hence the data is enteredin the computer.
Conclusion: CAD/CAM is part of “today” in dentistry and is defining the future faster than we think. It helps to
improve production efficiency, labour issues and deliver better service to the patients.However, the predictability of
the restoration depends on a good preparation, detailed impression, and a well-designed aesthetic and functional
restoration. CAD/CAM application can be used to facilitate the restoration of oral implants. The machined and
evenly designed implant surface enhances the CAD/CAM performance. Precision of fit, durability, simplicity and
aesthetic material application are the main advantages of CAD/CAM in implant dentistry. Initially, even though the
CADJ/CAM system is costly, it ensures precise work and patient comfort. The CAD/CAM systems have advanced
and developed to more precise levels. Thus, in future incorporation of such technologies is necessary for the
betterment of in the field ofdentistry.
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