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Abstract 

Digital CAD-CAM technologies are increasingly used in to the dental laboratory, for the realization of 

prosthetic appliances and for the realization of intermediate elements. 

Computerized methods, subtractive or additive, considerably reduce the number of clinical and 

technological steps, requires less materials, allow to obtain high-precision prostheses and reduce the risk of errors. 

This article aims to present the possibilities of ussing these techniques in to the dental technology and the 

methods applied to gain different prosthetic devices. 
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1.INTRODUCTION 

As in all areas of modern life, 

dentistry is becoming increasingly 

automated and computerized, due to the 

high production costs involved in labor, the 

human error factor, the continuous 

improvement of scanning and milling 

systems, new software increasingly efficient 

that allow the manufacture on an "industrial" 

scale of numerous restorations, with a 

reproductible quality, not influenced by the 

subjectivity of the members of the medical 

team that can interfere in the different stages 

of work and with a perfect marginal 

adaptation [1,2]. 

The fundamental principles that 

govern the Compurer Aided 

Design/Computer Aided Manufacturing 

(CAD/CAM) systems, refer to the 

conversion in spatial information regarding 

the prosthetic area, starting from numerical 

data, through computerized analysis, 

creating specific files and an automatic 

control of the production of dental 

prostheses [3]. 

The computerized technologies, are 

constantly moving in new directions, to 

provide exciting, innovative products and 

systems, with the highest quality standards. 

Thanks to CAD/CAM technologies, perfect 

clinical restorations can be achieved, with 

no bio-compatibility secondary reactions 

and excellent esthetic appearance, through a 

digital cooperation between dentists and 

dental labs. CAD/CAM technology allows 

the realization of a well-fitting, aesthetic, 

and durable prosthetic appliances [4].  

Digital CAD-CAM technologies are 

increasingly used in to the dental laboratory, 

both for the realization of prosthetic 

rehabilitations and for the realization of 

intermediate devices. 

Computerized methods, subtractive 

or additive, considerably reduce the number 
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of clinical and technological steps, requires 

less materials, allow to obtain high-precision 

prosthetic elements and reduce the risk of 

errors [5,6]. 

In recent years, there have been huge 

advances in the materials and technologies 

used in prosthetics, thus revolutionizing the 

entire dentistry, from the way patients are 

diagnosed to the design and realization of 

prostheses and conducted and how patient 

data is stored   

Digital solutions are not just 

becoming more accessible, they also 

consistently provide better and controllable 

outcomes while drastically reducing time 

requirements. Treatments that until now 

were extremely laborious or impossible to 

perform have become part of the daily 

routine today. The treatments can be done in 

conditions of comfort and total safety for the 

patient, with more precision and in a very 

short time; overall patient satisfaction will 

increase significantly [7]. Considering these 

benefits, digital methods become a viable 

alternative to conventional methods. 

CAD / CAM systems have quickly 

been adopted by many dental laboratories, 

as they greatly increase work efficiency, 

eliminating a multitude of intermediate 

steps, generating additional costs and 

possible errors. 

Many laboratory prosthetic elements 

can be made using these digital methods - 

from intermediate parts - models, temporary 

devices, to metal, ceramic or zirconia 

frameworks and dental prostheses - crowns 

and bridges, or partial and complete 

dentures [8]. 

2. PRINCIPLES, MATERIALS 

AND METHODS 

The main computerized methods 

used in practice today are subtractive and 

additive systems.  

Subtractive methods are the most 

common manufacturing technologies whose 

principle is to get the prosthetic construction 

by milling a block of material. As soon as 

the CAD unit has created the digital design, 

it will be exported to the CAM unit, either at 

the dental office or at the dental laboratory, 

in STL format and the machining will allow 

the block to be shaped according to the 

prosthetic element . 

Initially used to produce metal 

ceramic crowns, nowadays the subtractive 

method can realize most of the common 

materials in dentistry (ceramic, zirconia, 

plastic, resins, pre-sintered zirconia, sintered 

zirconia, cobalt-chromium, titanium, 

alumina). 

3D printing systems appeared in the 

90s and today represents a turning point in 

the conventional manufacturing process. 

The additive technologies 

characterize with the building of one layer at 

a time from a powder or liquid that is 

bonded by means of melting, fusing or 

polymerization. The methods, mostly used 

in prosthetic dentistry include 

stereolithography, selective laser sintering 

(SLS), selective laser melting (SLM) and  

Electron Beam Melting (EBM) . 

Stereolithography is a technique for 

layer by layer structure fabrication, where a 

light-emitting device (laser or digital light 

processing) is focused to a free surface of a 

photosensitive liquid to induce 

polymerization of the liquid in that region 

and transform it to a polymerized solid. SLA 

has the ability to produce fine features and 
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provide good surface finish with minimum 

stair stepping effect. A range of materials is 

available for 3D printing, including dental 

resins, which may be used in the fabrication 

of temporary prosthetics, surgical guides, 

orthodontic models, retainers and aligners. 

Advances in dental resins for printing 

applications include transparency for optical 

clarity, flexible resins for patient comfort, 

and strong, high-impact resins that resist 

wear and fracture in oral applications [9,10]. 

This technology is considered by some 

authors a new method for processing dental 

ceramics by additive computer-aided 

manufacturing [11]. 

Selective laser sintering / selective 

laser melting  

This method is a layer manufacturing 

process that allows the generation of 3 D 

complex pieces by consolidating the 

successive layers of the pulverized material 

over one another. The consolidation is 

achieved by processing the selected areas 

using the thermal energy provided by a 

focused laser beam. With a beam deviation 

system, each layer is scanned according to 

the correspondence cross section calculated 

from de CAD model. The deposition of 

successive layers of powders with a typical 

thickness of 20 to 150 µm is achieved by a 

powder deposition system [12]. The term 

“Selective Laser Sintering” (SLS) is used in 

the processing of polymers and ceramics, 

while in the manufacturing of metals and 

alloys the terms Selective Laser Melting 

(SLM) or Direct Metal Laser Sinteringare 

used [13]. SLS/SLM technology is very 

suitable for applicationin in prosthetic 

dentistry, because the whole range of dental 

materials can be used for manufacturing of 

dental constructions – thermoplastic 

polymers, waxes, metals and alloys (Ti and 

Ti alloys, Co-Cr alloys, stainless steel), 

ceramics and thermoplastic composites [14].  

The fact that the product is melted 

and not sintered allows obtaining structures 

without internal defects and the elements are 

durable, with good mechanical properties 

and heat resistant,  

The external  surface of the 

prosthetic devices produced by SLM has a 

frosted and very rough appearance, so it 

must be carefully processed by finishing and 

polishing. 

Electron Beam Melting  

These techniques generally use 

powder as a manufacturing material 

obtained by gas atomization. A number of 

these materials have a metallic base, which 

represents a great innovation in the field of 

3D printing. The methods are useful for 

making a metallic bridge or a ceramic bridge 

framework. The production of 

prostheticelements using EBM method is 

very fast, because the temperature of the 

electron beam hits the metal powder and 

there is almost no loss of energy in the 

reaction; in addition, the speed of movement 

of the beam is very high (8000m / s). 

The production quality is very good 

since the fused metal has a purity defined by 

a density of 99% and, if  the production 

chamber is kept at constant temperature and 

under vacuum, the risk of deformation is 

limited: 

The limits of the procedure are 

represented by the possibility of making 

elements with with a diameter of no more 

than 350 mm and a height of 380 mm and 
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the materials used must be conductive, in 

order to interact with the electron beam. 

3. METHODS FOR 

PROSTHETIC CONSTRUCTIONS 

REALIZATION USING DIGITAL 

TECHNOLOGIES IN TO A DENTAL 

LABORATORY 

CAD-CAM technology for models 

realization: 

The first device made in the dental 

laboratory is the working model, which 

represents the copy of the elements from the 

oral cavity and reproduces all the details 

from the prosthetic area. 

The work steps consist of scanning 

areas of interest in the patient's oral cavity 

with intraoral scanners, sending 

informations directly to the CAD / CAM 

software, designing the future working 

model and send the model file to the 3D 

printer; after the automatic 3D printing 

procedure the resin model, is removed from 

the print tray, it is light-cured and cleaned 

with alcohol to remove the residual external 

layer. 

Resin models were developed 

specifically to gain the high precision, 

accuracy, and throughput requirements of 

dental professionals (fig.1). 
 

  

Fig.1 The working model obtained through additive technology 

 

The temporary bridge is an 

intermediate prosthetic element, mandatory 

in fixed prostheses work flow. 

Digital technologies allow obtaining 

such devices, in a very short time, even in 

the dental office, in the same appointment 

with the abutment preparation.  

The blocks of resin used in the 

milling process are industrially obtained, so 

they will have a homogeneous structure and 

superior mechanical characteristics, 

compared to the resins used in the dental 

laboratory. After scanning the details from 

the prosthetic area, the information is sent to 

the CAD unit, which makes the design of 

the temporary prosthesis; subsequently, the 

data reach the work unit, where the 

temporary bridge will be built, by the 

additive or subtractive method (fig.2). 
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Fig.2 Temporary bridge by CAD-CAM milling method 
 

The framework wax pattern can be 

realized by subtractive or additive digital 

methods. These technologies involve 

obtaining a working model through 

conventional technology, which will be 

mounted in to the articulator  (fig.3). 
 

  

Fig.3 Models realization and mounting in to the articulator 
 

The models are introduced in to the 

scanning compartment, where all the details 

are correctly registered and the virtual 

models are elaborated; on these, the virtual 

framework wax-up are designed (fig.4) 

 

  

Fig.4 Virtual model and wax-up realization  
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After modeling, checking and 

finalizing the model, in relation to adjacent 

and antagonist  teeth, the parameters were 

established with the help of the CAD 

system. The connectors applied on each 

element of the prosthetic device are of 

different sizes and must be adapted 

according o the particularities of edentation. 

After checking all the settings and the 

program has been loaded, the process of 

milling the model can begin (fig.5).  

 The wax pattern has a uniform 

thickness, is very precise and a very good 

adaptation, which facilitates a faster and 

easier final processing of the latallic 

framework. The milling wax has a 

optimized composition for processing with 

milling tools, wax-up surface are made very 

smooth, with sharp contours, and, because 

of its ideal hardness, milling cannot stick to 

the wax up in the recommended speed range 

of 2000-5000 rotations/minute. 
 

   

  

Fig. 5 Wax-up realization by the milling method 
 

The wax pattern can also be made by 

additive methods, in this case the piece of 

wax being built layer by layer. The digital 

design and 3D printing method eliminate a 

lot of the conventional technological steps 

with a number of advantages: higher 

accuracy of the future framework, thanks to 

the excellent reproduction of details, 

involves a well-determined amount of 

materials, without significant losses, makes 

possible the digital individualization and 

correction of the wax pattern and involves a 

shorter working time. 

After the design of the wax pattern 

on the virtual model has been completed, the 

information is sent to the work unit, where 

the device is made layer by layer. At the end 

of the procedure, the wax piece is checked 
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on the model and prepared for investing and casting (fig. 6)  
 

 

  

  

 

Fig.6 Wax-up realization by the additive method   

The additive and subtractive 

computerized methods are also used in the 

laboratory for the realization of the metallic 

framework of the conventional bridges and 

for the metallic framework on removable 

cast partial dentures [15]. (fig.7, fig.8); the 

subtractive methods are also used to obtain 

the framework of zirconia or all ceramic 

bridges. 
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Fig.7 Scanning and digital model realization 
                                          

                     

  

Fig.8 The design and the metallic structure realization  
 

Digital technologies also allow to obtain partial or total removable dentures, with high 

precision, high accuracy and optimized mechanical parameters [16]. 
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4 . DIS C USSI ON  

Studies on the advantages, disadvantages 

and particularities of dental materials and 

technologies are presented in the literature, 

ranging from the most traditional to the most 

modern one[17]. A lot of advantages have 

been reported over conventional methods, 

including low cost of materials, less 

complex labor and good quality of the 

devices. But, it has been proven that 

CAD/CAM methods, allowing digital 

impressions and allowing to do away with 

plaster models, wax-ups, casting and firing, 

are able to be faster and easier than 

conventional technologies [18] 

The quality of the CAD / CAM 

restorations is very high thanks to the 

precision of the measurements and the 

manufacturing, have a natural appearance 

and good mechanical resistance. 

Although the purchase price of such 

equipment remains a real investment, the 

gain in speed of design and manufacture 

allows practitioners to be able to make a 

profit after a certain number of restorations.   

Nevertheless, the cost can just as easily 

be seen as a disadvantage; there are still 

some drawbacks concerning modern 

manufacturing technologies such as the high 

initial cost of equipment and software. 

From a technical point of view, there 

is still a learning time which is essential in 

order to master these new machines [19]. 

5. CONCLUSIONS 

Our patients today have much 

differentiated needs and demands compared 

to previous stages and it is no longer 

possible to design a prosthetic treatment 

without considering an impeccable 

functional recovery. 

From a clinical perspective, the 

important aspects to be considered for 

prosthetic work performed by computerized 

techniques are long-term longevity in the 

oral cavity, significant reduction in working 

time, reasonable costs and clinical 

versatility. 

The digital technologies had a huge 

impact on dental workflow that led to 

quality improvements (more precise, 

effective and personalized treatments), labor 

cost reductions and time saving (reduced 

production or treatment time, shorter waiting 

times and higher patient satisfaction). 
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