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Abstract  

In the digital design and manufacture of fixed dental prostheses it is mandatory to know the steps and the advantages 

of conventional prostheses, but, at the same time, is necessary to realize the benefits of modern technologies, in order 

to adapt the therapeutic solutions to the particularities of each clinical situation. 

The CAD / CAM methods can be used in the direct, semi-direct and indirect technologies. Final prosthetic solutions 

involve the use of indirect methods, while direct and semi-direct methods are used to make temporary prostheses. This 

article aims to present the steps for fixed prostheses realization through digital technologies. Numerous advantages 

have been reported for traditional techniques, including high cost-effectiveness due to extremely wide range of 

applications and material versatility, maximum precision combined with easy handling, high flexibility and future 

security due to open CAD/CAM interfaces, and the possibility to process additional materials. An intelligent 

collaboration of conventional and digital procedures is possible and can lead to excellent results, more safely and more 

efficiently. 
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INTRODUCTION 

Digital technology has revolutionized 

dentistry and is increasingly used and 

requested in recent years by both dentists and 

patients, due to the advantages it offers. 

These systems allow obtaining optimal 

prosthetic constructions, from a functional 

and aesthetic point of view. A great 

advantage of digital technologies is the 

reduction of working time; for this reason, it 

is an increasingly used treatment solution, as 

most patients want to minimize the number 

of visits to the dentist's office. [1, 2].  

CAD / CAM technology has brought the 

possibility of using new types of 

biocompatible materials, new dental 

treatment concepts and a mental and physical 

comfort for the patient. Another advantages 

are: elimination of human errors, 

extraordinary accuracy, complete restoration 

of physiognomy, very good mechanical 

strength, clinical longevity. Digital denture 
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process represents an opportunity in the 

digital design and manufacture of fixed 

dental prostheses and is mandatory to know 

the steps and the advantages of conventional 

prostheses, but, at the same time, it is 

necessary to know the benefits of modern 

technologies, in order to adapt the therapeutic 

solutions to the particularities of each clinical 

situation. 

There are three possibilities for CAD / CAM 

methods: direct CAD / CAM technologies, 

that allows the dentist to make a prosthesis at 

the chair site in a single session, semi-direct 

CAD / CAM technologies that requires an 

optical impression taken in the dental office 

and sent to the dental laboratory for the rest 

of the working flow, and indirect CAD / 

CAM technologies, which involve a classic 

impression in the dental office and all the 

technological steps -CAD and CAM- are 

carried out in the laboratory [3,4]. In general, 

final prosthetic solutions involve the use of 

indirect methods, while direct and semi-

direct methods are used to make temporary 

prostheses. 

This article aims to present the steps for fixed 

prosthetic constructions realization, using 

digital technologies. 

 

TECHNOLOGICAL STEPS FOR 

DIGITAL FIXED PROSTHESES 

1. The impression has the role of recording 

all the details of the prosthetic area-teeth 

preparation, antagonists and bite registration. 

Traditional dental impressions involve the 

dentist selecting an impression material and a 

stock tray that fits the patient’s mouth. In the 

classic impression, inaccuracies due to the 

materials (silicone, polyvinyl siloxane, 

alginate) or to the practitioner can lead to 

significant errors. The newest method for 

taking an impression is using digital design, 

which allows a much faster, more accurate 

and comfortable recording for the patient; at 

the same time, the method allows real-time 

corrections and an immediate transmission of 

information to the laboratory. In the same 

time, the optical impression (fig.1) requires 

less materials, steps and time with more 

productivity (for both clinics and labs), more 

efficiency and accuracy, indefinitely 

electronic storage, which saves space, 

comfort for our patients (no gag reflex any 

more with less chair time). [5] 
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Fig.1 Optical impression 

 

2. Computer Aided Design (CAD) 

We can consider in a synthetic way three 

main stages for computer-aided design 

(CAD): digitalization, setting and modeling. 

a. Digitalization: in indirect CAD / CAM 

method, a classic plaster model is processed 

into a digital model using different types of 

scanner: light scanning scanner or scanner by 

taking successive images. First of all, there is 

data entry that includes the determination of 

prosthetic work for each tooth (abutment, 

pontic or antagonist), the type of prosthesis 

and also type of material to be used; however 

in all software this parameter can be modified 

later (fig.2). 

 

 

Fig.2. Digital model sheet 

After scanning the plaster model, the virtual 

model can be viewed on the screen, in order 

to detect the missing zones by rotating the 

model on all the axes. If some areas are not 
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correctly defined, the scan can be redirected 

to them. Subsequently, the bite registration is 

required (fig.3).

 

 

 

Fig.3 Model scanning 

 

If a semi-direct method is used and digital 

impression has been registered, the virtual 

model realization is easier, because the 

information from the prosthetic area already 

exists in the system (fig.4). 
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Fig.4 The virtual model 

 

b. Parameter setting: the cervical limit and 

the path of insertion (axis). The cervical limit 

can be corrected manually but the axis of 

insertion is automatically determined by the 

software (fig.5, fig.6). 

 

    

Fig.5. Cervical limits                                         Fig.6. The axis of insertion  

 

c. Modeling: for the virtual wax-up 

modeling, the software offers a dental 

morphology database taking into account the 

imposed criteria (minimum material 

thickness, cervical limit, etc.) and the 

environment of the case (antagonist, 

occlusion, etc.) (fig.7) 

 

.  

Fig.7. Virtual wax-up 
 

Adjusting the thickness of the connectors: 

minimum material thicknesses for the 

connections between bridge intermediates 

and abutment tooth copings are imposed on 

us by the software to meet the mechanical 

properties of all materials. The minimum 
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thicknesses for connectors: 6 mm² for non-

precious metal, 9 mm² for zirconia, 12 mm² 

for lithium disilicate ceramic (e-Max ®){6} 

After final inspection of the limits, material 

thickness and occlusion, the prosthetic design 

can be considered completed. 

 

3. Computer Aided Manufacturing (CAM) 

The manufacturing can be done through two 

methods: the subtractive method also called 

machining, or the additive method (3D 

printing). 

  the subtractive method or machining is the 

most common method in CAD / CAM 

systems; the principle of this manufacturing 

method is that the machine will subtract 

material by milling from a block, a wafer or 

a bar. As soon as the CAD unit has created 

the digital wax up, it is usually exported in 

STL format to a CAM unit at the dental office 

or at the dental technician. The machining 

will allow the block to be shaped according 

to the desired prosthetic element (fig.8). 

Originally used to produce metal ceramic 

crowns, nowadays the subtractive method 

can shape most of the most common 

materials used in dentistry (ceramic, zirconia, 

plastic, resins, burn-out materials, pre-

sintered zirconia, sintered zirconia, cobalt-

chromium aloys, titanium, alumina). 

The block’s material and size are 

predetermined according to the size and 

nature of the prosthetic elements. The 

advantage of this technology is to achieve the 

required precision by using tools with 

different numbers of milling axes. 

 

   

Fig.8 Subtractive method 
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Additive methods or 3D printing involves 

three-dimensional prosthetic device 

realization as a result of sequential 

progressive addition of the material, layer by 

layer, according to virtual processing. 

Printing by powder bonding: powder bonding 

3D printing includes selective laser melting 

(SLM), selective laser sintering (SLS), and 

electron beam melting (EBM). These 

techniques generally use powder as a 

manufacturing material obtained by gas 

atomization and are useful for making metal 

bridges or a ceramic bridge framework [7, 8]. 

Selective laser sintering (SLS) is a procedure 

that uses a device with two tanks, a 

manufacturing tank and a containing metallic 

powder tank. In these tanks (building 

chamber) there is a constant temperature to 

avoid changes in shape and structure. The 

reaction begins with an increase in the 

temperature of the building chamber. 

A scanning of the thin powder layer will be 

performed by the high intensity laser (CO2 

laser) which will follow the two-dimensional 

path previously established. This layer of 

material is then "sintered" to obtain the first 

layer. Then, the piston supporting the powder 

plate rises and the piston supporting the 

production plate lowers. The roller deposits a 

new layer of material over the entire 

production tank, allowing the process to be 

repeated until the entire framework is done 

(fig.9)
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Fig.9 3D printing method 

 

Discussions 

The literature cites researches that highlight 

different manufacturing methods ranging 

from the most classic to the most modern. 

Numerous advantages have been reported 

over traditional techniques, including high 

cost-effectiveness due to extremely wide 

range of applications and material versatility, 

maximum precision for all results combined 

with easy handling, high flexibility and future 

security due to open CAD/CAM interfaces, a 

diversity of possibilities of integration and 

the possibility to process additional 

materials. 

The quality of the CAD / CAM restorations 

is very high thanks to the precision of the 

measurements and manufacturing. This is 

because traditional impressions are prone to 

many problems, such as bubbles and pulls in 

the impression material, residue and other 

debris caught in the impression material, and 

even missing teeth [9, 10]. 

It is estimated that many new systems are 

expected in the next few years. In the last 

decades the use of 3D printing techniques for 

medical and dental applications highly 

developed. Additive manufacturing is 

gaining rapid potential in nearly all dental 

fields. It differs from formative and 

subtractive manufacturing as in the additive 

manufacturing process the object is “printed” 

by adding material layer by layer. The 

application of 3D printing in dentistry offers 

the possibility of individualized prosthetic 

appliances, savings on small scale 

productions, eased sharing and processing of 

patient image data and educational 

upgrading. There are still some drawbacks 

concerning modern manufacturing 
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technologies such as the initial cost and 

technicality [11, 12]. 

Indeed, the initial cost of equipment and 

software is still very high. Practitioners who 

are unable to achieve a sufficient volume of 

restorations it will need a long time to recover 

the investment. From a technical point of 

view, there is still a learning time which is 

essential in order to master these new 

machines [13]. 

 

Conclusions 

CAD / CAM technologies have a lot of 

advantages, but it still cannot and should not 

replace traditional know-how and therefore 

cannot replace skills and technical expertise. 

In digital methods, the data collected will 

always be available and it can be used to 

produce the provisional restoration and the 

final restoration; this avoids repeating the 

same steps twice. 

An intelligent collaboration of conventional 

and digital procedures is possible and can 

lead to excellent results even more safely and 

more efficiently. These new technologies 

should be seen as opportunities, help and 

support rather than something to be feared of. 
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