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CAD/CAM Technology Challenges in Prosthodontics 

Computer-Aided-Design/Computer-Aided-Manufacture or in 
short CAD/CAM technology is a revolutionary method which was 
utilized in dentistry in order to achieve more efficient and precise 
work that not only reduce time but also produce more patient 
satisfaction on the short and long term. Computer-Aided-Design 
(CAD) can be done by utilizing a specially designed software and 
an intraoral scanners or laboratory scanners which can construct 
a three dimensional image of scanned mouth or impression. 
Computer-Aided-Manufacture (CAM) on the other hand, can be 
done by subtractive or additive manufacturing. Subtractive manu-
facturing is done either by spark erosion or by a milling machine. 
Additive manufacturing on the other hand is made by layering 
technique in a step by step vertical buildup of the object or res-
toration. This review illustrates the indications, advantages, and 
limitations of CAD/CAM technology in construction of different 
types of restorations and the possible future of this technology.

Keywords: CAD/CAM, intra-oral scanners, laboratory scanners, 
subtractive manufacturing, additive manufacturing.
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Introduction and Brief History 

In the science of dentistry there is a long history 

of trying restorations and prosthesis such as 

intra-coronal restorations, crowns, fixed bridges 

and removable partial dentures. During this 

century, the dental technologies and dental 

materials have been remarkably progressed. 

The recent technological methods are starting to 

replace the conventional laboratory methods 

such as lost wax casting methods and sintering 

of porcelains 1. 

In 1971 Dr. Duret started the fabrication of 

crowns with functional occlusal surface utilizing 

optical impression technique of the abutments 

inside the patient’s mouth. This was done by a 

milling machine that was numerically controlled. 

This was the evolution of the Sopha® System 

which was the corner stone for the development 

of CAD/CAM (Computer Aided Design/ 

Computer Aided Manufacturing) systems in 

dentistry 2. 

On the other hand, in 1989 Dr. Moermann of 

Zurich University in Switzerland who is the 

developer of the CEREC system attempted to 

utilize a new technology in the clinic directly at 

the patient. Measurements were done to the 

prepared cavity utilizing an intra-oral camera. 

This was followed by using a compact machine 

to design then to carve the ceramic inlay 

immediately inside the clinic while the patient is 

waiting. After announcement for this system, the 

technology rapidly spread into dentistry 1. 

CEREC system applications were initially 

restricted to inlays of ceramic. This allowed the 

early CAD/CAM system to be small and compact 

in size which contributed largely in its wide 

spread acceptance by the dentists 3. 

Many problems were encountered during the 

early evolution of CAD/CAM system including 

the very high cost and the prolonged time of the 

procedure. Also, the difficulty in recognition of 

thin margins of the restoration and inability to 

construct more than a single unite restoration 

was an obvious limitation in this technology. 

These drawbacks encouraged researchers to 

further develop the system to become more 

accurate and efficient 4 5. 

Andersson who is the developer of Procera® 

system utilized CAD/CAM technology to 

fabricate composite veneered restorations. He 

also noted that allergies from nickel-chromium 

alloys were quite common and the replacement 

of such alloy with titanium will be a good solution 

for the problem. But due to the difficult casting of 

titanium he utilized spark erosion with CAD/CAM 

technology for shaping titanium which was a 

great advancement in the technology at this time 
6, 7 

In 1994 CEREC 2 was developed with more 

options for dental restorations. However, the 

milling in this system was still one bur system. 

The introduction of CEREC 3 with a two bur 

milling system and a three dimensional virtual 

editing display lead to further development of the 

technology 8. 

Search strategy  

An electronic search of articles from April 2019 

to June 2019 was performed in two main 

databases: MEDLINE and the Embase Library. 

The search included only English‐language 

publications with a focus on evidence based 

research articles. The search was focused on 

both randomized and nonrandomized controlled 

trials, longitudinal studies and retrospective 

studies. A list of keywords was used with 

different combinations as follows: “CAD-CAM,” 

“CAM,” “copy-milling,” “prosthodontics,” and 

“dental scanners”. 

Classification of CAD/CAM Systems 

The CAD/CAM systems are classified into 

chairside systems and laboratory systems. 

CAD/CAM can also be classified according to 

data sharing into closed and opened systems 9.  

Chairside CAD/CAM systems are done inside 

the clinic in which the facility owns an image 

acquisition system (scanner) and milling 

machine. Sometimes, the facility only owns a 

scanner without any designing options. In this 

situation the scanner must have a 
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communication with an open lab for designing 

and milling of restorations 10. 

Laboratory systems can be classified into 3 

types. The first is complete laboratory CAD/CAM 

system including a laboratory scanner and a 

milling machine. The second is the laboratory 

CAD system only without a milling machine in 

which is connected to another lab that owns a 

milling machine. The third is when the lab owns 

a milling machine only 9 10 

Closed CAD/CAM systems do not allow 

interchange between different systems and 

brands from other companies. The acquisition of 

data by the scanner, the designing software, and 

the milling machine must be all made by the 

same company. On the other hand, open 

CAD/CAM systems allow STL files (Standard 

Tessellation Language files) to be read and 

milled on any other open system 10. 

CAD/CAM systems can be also classified based 

on the production chain into: Direct, Semi-direct 

and Indirect CAD/CAM. Direct systems, which 

are also called chair-side or in office system are 

done by a specially designed 3D intra-oral 

camera or scanner, which captures the dental 

structures in 3D. After this process which is 

called image acquisition, the designing of the 

restoration begins on a specially designed 

software (CAD system). Finally, the process 

ends by manufacturing the restoration using a 

chair side milling machine (CAM system) at the 

same appointment. This reduces the number of 

appointments and increases patient satisfaction  
11. 

On the other hand, semi-direct CAD/CAM 

system can only take a 3D image of the dental 

structures and send this image to the laboratory 

as an STL file via a network. All the following 

steps including designing and manufacturing of 

the restoration is done in the lab and the final 

restoration is then delivered  12. 

Finally, the indirect system as its name implies is 

done by taking a conventional impression using 

elastomeric materials and then it is sent to the 

laboratory. In the laboratory the impression is 

poured into a plaster cast then this cast is 

scanned using a specially designed 3D scanner. 

The design and manufacturing of the restoration 

is also done in the laboratory 11. 

Classification of Scanners 

Scanners for CAD/CAM systems can be 

classified into two types: intraoral scanners and 

laboratory scanners. Intraoral scanners can 

scan the tooth surfaces directly inside the oral 

cavity (i.e. optical impression) without the need 

for impression materials. This will reduce the 

clinical steps of the procedure and avoid feeling 

of discomfort or gagging by the patient 13. 

Intraoral scanners utilize three technologies or 

methods. The first is the triangulation method in 

which light is projected on the body and then it is 

reflected back to be captured by a sensor. Both 

the projected and the reflected light are analyzed 

using special algorithms. Example for this 

technology is the CEREC scanner 14  15   

The second method that is used in intraoral 

scanners is the confocal laser scanning. This 

method utilizes a red laser beam to scan the 

object. The reflected laser is the passed on a 

focal filter to allow only the image inside the focal 

point to reach the sensor. This requires 

continuous adjustment of the lens during the 

process of scanning. An example for this method 

is the iTero scanner 14 16. 

The third and final method is the active wave 

front sampling technique. In this method a three 

dimensional video system is used. The reflected 

images of the object are captured by multiple 

lenses in the scanner. Then the focal distance is 

measured when the image appear in focus by 

using a mathematical estimation formula. 

Example for this system is the Lava COS 

scanner 14 17. 

Some companies use non-reflective powder 

while video capturing to offer a uniform reflective 

surface, making video capturing more quick and 

easy. These reflective powders are made of 

titanium dioxide, which allows for assembly of 

multiple scans into one image. Example of such 

scanners are CEREC AC 18. 
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Laboratory scanners on the other hand, can be 

classified according to the type of object to be 

scanned into a model or cast scanner and an 

impression scanner. They can also be classified 

according to the type of technology into: optical 

scanners and mechanical scanners. A model or 

cast scanner can collect the data only from a 

poured cast. The impression scanner has the 

ability to scan directly the impression without 

cast pouring or trimming. Although this method 

reduces the time of production, a problem in 

some narrow areas within the depth of the 

impression may be encountered due to inability 

of the light of the scanner to reach these areas  
10, 19. 

The optical laboratory scanner is based on the 

same method utilized in the intraoral scanner, 

which is the triangulation method. A light source 

or laser beam may be used to scan the cast. 

Also the use of multiple cameras increases the 

accuracy of scanning. The data are then 

collected to form a three dimensional model 

which can be edited to design the restoration 

that perfectly fits the tooth preparation 20. 

Another type of laboratory scanners is the 

mechanical scanner in which it utilizes a contact 

probe for scanning the object. The contact probe 

is very small in size to allow for an accurate 

recording of the fine details of the preparation. It 

has the advantage of high accuracy and 

precision. On the other hand, it requires a very 

long scanning time and complicated mechanics. 

This caused the cost of this technology to be 

very high. The only commercial example for this 

system is the Procera scanner 21, 22.  

It is also possible to merge the three dimensional 

image of the teeth obtained from an intraoral or 

laboratory scanner with a 3 dimensional facial 

image obtained by stereophotogrammetry 

technique or cone beam computed tomography 

(CBCT) to generate a virtual model of the 

patient. This model can be integrated in some 

CAD/CAM systems to offer a virtual articulator 

simulation such as 3Shape TRIOS; 3Shape A/S 
23 24, 25. 

However, to be able to mount the virtual cast on 

a virtual articulator two methods could be 

utilized. The first is little complicated in which the 

actual mounted casts are scanned in position on 

a mechanical articulator to produce a 3D image 

of the articulator. This method of course does not 

solve the problem of mechanical articulators so 

it is only used for research and comparative 

studies. The second method is done by utilizing 

a digital facebow. This is done by scanning the 

position of a pointer in multiple positions with 

reference to the head. This allow for digital 

mounting of upper cast and as for the lower cast, 

mounting is done by scanning both the upper 

and lower dental arches in centric occlusion 

intraorally. This allows the operator to operate on 

the virtual articulator more easily and 

comfortably. It also allows for a far more 

accurate analysis and measurement of jaw 

movement with minimal time and effort 24, 26. 

Subtractive Manufacturing versus Additive 

Manufacturing Systems 

Subtractive manufacturing is a computerized 

shaping of a block made from certain material in 

which a software is used to design the 

restoration model and translate this design to a 

computerized machine (CAM) to achieve it 27. It 

is done either by spark erosion or by a milling 

machine called computer numeric controlled 

(CNC) machine which utilizes 3 methods for 

milling. The first method is by utilizing diamond 

grinding technique, the second method is by 

carbide milling and the third and most recent is 

laser milling. The spark erosion is a method in 

which sparks are generated to remove the 

material form a metal block. However, the 

accuracy and fit must be compensated during 

milling to reach the desired size without any 

magnifications, shrinkage or distortion in shape  
28.  

 Milling also depends on dimensional approach 

and number of working axis. It may be three axis 

milling, four axis milling or five axis milling. Three 

axis milling refers to the three spatial direction X, 

Y and Z. Four axis milling refers to the three 

spatial direction and tension bridge. While five 
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axis milling have the three spatial directions and 

tension bridge with milling spindle. A milling 

machine with  five axis is usually necessary to 

produce large restorations with complex shapes 
28, 29. 

 

 

Systems Utilized in Computer Aided Manufacturing 

   

Additive manufacturing on the other hand is 

made by layering technique in a step by step 

vertical buildup of the object or restoration. The 

three dimensional design on the software (CAD) 

is fragmented into thin slices or layer. Each layer 

is printed over the other until the object is 

completed by addition of many layers of the 

material over each other. The machine needs to 

lay down 5 to 10 layers of the material to build a 

one millimeter of the restoration. That is why this 

technique is called additive manufacturing, rapid 

prototyping, layered manufacturing, solid 

freeform fabrication or simply 3D printing 30, 31.   

Systems utilized in dentistry to do additive 

manufacturing are stereolithography, 3D printing 

by inkjet-based system, selective laser sintering 

and fused deposition modeling. Many materials 

can be used with this technology including: 

metals, ceramics, acrylic resin, composite and 

wax which enable the construction of both fixed 

and removable prosthesis 31-33. 
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Stereolithography is a method of called additive 

manufacturing in which layers of the material 

(usually composite or acrylic resin) are cured 

over each other by ultraviolet (UV) laser. This 

method is mainly utilized in the construction of 

surgical drilling guides or templates during 

insertion of dental implants 34 35. Advantages of 

Stereolithography are great accuracy, surface of 

the restoration does not require finishing or 

polishing and increased mechanical strength. 

Disadvantages on the other hand are the high 

cost, post-curing is always required and is strictly 

used for polymers 33, 36. 

3D printing by inkjet-based system is similar in 

principle to the inkjet printer. Powder of the 

material which may be a heat cured polymer or 

a nanoscaled ceramic powder. The powder is 

dispensed from the source in layers until the 

prosthesis is completed then a process of heat 

treatment is initiated to produce the final 

prosthesis. Advantages include coloring ability 

of the restoration and relative varieties in the 

materials used. Disadvantages of this method 

are low strength, rough surface and it may be 

less precise due to the shrinkage of the material 
35, 37. 

Selective laser sintering is done by a computer‐

directed laser, which is used for melting metal or 

sintering porcelain powder without the need to 

use a high heating temperature inside the 

machine as heating is concentrated in a very 

small area by the laser beam. Many powdered 

materials can be utilized in this process including 

cobalt‐chrome spherical powder, which can be 

shaped to a removable partial denture, 

powdered ceramics, wax, nylon and composite. 

The main drawback of this system is the high 

cost of both the material and equipment 28, 36. 

Fused deposition modeling is a technique that 

utilize a nozzle apparatus or head that extrudes 

a thermoplastic material layer by layer. As its 

name implies the heated material is delivered 

through a head apparatus, which is controlled by 

the computer. Once a layer of the material is 

deposited, it immediately solidify within 0.1sec 

and bond to the preceding layer. This method 

allows for usage of several materials with 

several colors including investment casting wax 

and polycarbonates. It can be used in production 

of models such as edentulous mandible and 

surgical templates or guides. The main 

disadvantage of this technology is the a rough 

surface finish and its limitation to thermoplastic 

materials 36, 38. 

The additive manufacturing differs from 

subtractive manufacturing in many aspects. 

First, there is very little if any material wastage 

during manufacturing so it is more economical. 

Second, it allows for production of large objects 

such as surgical models. Also, complex 

prosthesis such as complete and partial 

dentures or even obturators can be accurately 

made. In addition, this method may not need any 

compensation in size 31, 39.   

Some drawbacks may be seen in additive 

manufacturing such as micro-porosities, which 

may reach up to 30 to 45%. This may negatively 

affect the mechanical properties of the material. 

It was reported that these micro-porosities may 

affect the strength of zirconia restorations 37. 

However, it was found that it may be an 

advantages with implant body fabrication as it 

can produce implants with elasticity similar to 

that of bone. Also, these micro-porosities was 

found to enhance bone growth and can 

encourage osseointegration. Another 

disadvantage of additive manufacturing is that 

some techniques can produce rough surface in 

the restoration or the prosthesis 31, 40. 

Subtractive manufacturing on the other hand, 

can produce prosthesis without micro-porosities, 

having a reduced manufacturing flaws and 

higher quality control processes. Disadvantages 

of subtractive manufacturing include: inability to 

produce large or complex prosthesis especially 

if coloring is needed. Also, the process of milling 

produce microscopic cracks which affects the 

mechanical properties of the restoration. The 

short running cycles of milling tools, which need 

maintenance and frequent replacement. Finally, 

when compared to additive manufacturing, the 

subtractive method waste a large amount of 
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material in the form of parts from blocks which 

are discarded  31, 41.   

Advantages of CAD/CAM Technology 

Regarding digital impressions CAD help in  

elimination of time consuming steps including: 

selection of trays, dispensing and setting of 

impression materials, disinfection and shipment 

of the impressions to the laboratory. It also helps 

in saving costs in terms of the absence of trays, 

impression material, and even shipping and 

delivery costs. The data can be easily stored and 

used during follow up visits. The elimination of 

gag reflex and enhanced patient comfort due to 

rapidity of the procedure is an additional 

advantage. It was also found that digital 

impressions produce better marginal fit than 

conventional methods with higher accuracy 42 31.   

The advantages of production of digital models 

are also obvious. This includes the elimination of 

polymerization shrinkage which occur in the 

impression, the need to disinfect the impression, 

the need for vacuum mixing to avoid air bubbles, 

rapid pouring of the impression to avoid 

distortion, waiting for the stone to set, 

inaccuracies due to stone expansion and the 

time consuming steps to pour the base and pin 

models. Ditching of dies can also be done 

digitally and the inaccuracies of hand trimming 

can be removed. Dies are made digitally and are 

cut and trimmed by the laboratory computer. For 

the multi-unit prosthesis interlocking pieces 

cannot shift during manipulation. The margins 

cannot be altered by the technician, and there is 

no need to fabricate a solid model. 1 31. 

The advantages of production virtual articulators 

and the ability to utilize a digital facebow are 

numerous. Most importantly is the ability of a 

perfect simulation of the fully adjustable 

articulator in all possible movement with much 

more accuracy, ease, and speed. This method 

also prevents the discomfort induced by the 

physical facebow. It also allows taking buccal 

scans in centric occlusion directly on the patient 

intraorally. This prevent the discomfort and 

possible errors that may occur  with the 

conventional interocclusal record 43.  

One study compared mounting with 

conventional face-bow devices and three 

dimensional virtual facebow mounting of casts 

for orthognathic surgeries. The results of the 

study showed many methodological and 

technical inaccuracies, which were found to 

occur in the conventional method as well as high 

possibility of deviations from reference planes 

during mounting. The study concluded that 

digital facebows and articulators are far more 

accurate than conventional ones 44. 

Other advantages of digital facebows and virtual 

articulators are elimination of the variables 

associated with the materials for the 

interocclusal record, proper trimming, 

positioning of the record, and post-operative 

deformation. Also, there is no need to wait for the 

setting of the plaster for maxillary and 

mandibular casts. Finally it avoids errors caused 

by improper attaching of the mandibular cast to 

maxillary cast which may lead to improper 

occlusal adjustment 31. 

CAD/CAM Technology is Filling the Future 

It may be a matter of time to overcome the 

obvious limitations in these systems and allow 

the production of more types of dental 

prostheses for the different applications in 

dentistry. So as we now live in a digital world 

where everything is becoming digitized, a need 

for gradual transformation to digital dentistry is a 

must. 

Incorporation of digital solution in dental practice 

can benefit both the practitioner by saving time 

and effort combined with increased accuracy 

and reduction of errors. Also, it benefit the 

patients by reducing number of visits and 

providing them with a more durable and lasting 

restorations. Conclusion 

With this rapid advancement in various 

CAD/CAM systems, it is now possible to benefit 

from these advanced techniques in our routine 

dental practice. Also, with mass production and 

the rapid spread in use of CAD/CAM systems, it 

will be possible in the near future to benefit from 

these systems with lower cost which one day 
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may become a more economic option than the 

conventional techniques.  

References 

1. Miyazaki T, Hotta Y, Kunii J, Kuriyama S, Tamaki 

Y. A review of dental CAD/CAM: current status and 

future perspectives from 20 years of experience. 

Dental materials journal. 2009;28(1):44-56. 

2. Duret F, Preston J. CAD/CAM imaging in 

dentistry. Current opinion in dentistry. 1991;1(2):150-

4. 

3. Ueda Y, Yamaguchi T. History of and current 

situation regarding dental CAD/CAM systems and 

future perspectives. 北海道歯学雑誌. 2017;38(Special 

issue):104-10. 

4. Fujita T. Preliminary report on construction of 

prosthetic restorations by means of computer aided 

design (CAD) and numerically controlled (NC) 

machine tools. Bull Kanagawa Dent Coll. 1984;12:75-

7. 

5. Rekow D. Computer-aided design and 

manufacturing in dentistry: a review of the state of the 

art. Journal of Prosthetic Dentistry. 1987;58(4):512-6. 

6. Andersson M, Odén A. A new all-ceramic crown: 

a dense-sintered, high-purity alumina coping with 

porcelain. Acta Odontologica Scandinavica. 

1993;51(1):59-64. 

7. Andersson M, Carlsson L, Persson M, Bergman 

B. Accuracy of machine milling and spark erosion with 

a CAD/CAM system. The Journal of prosthetic 

dentistry. 1996;76(2):187-93. 

8. Moörmann WH. The evolution of the CEREC 

system. The Journal of the American Dental 

Association. 2006;137:7S-13S. 

9. Tapie L, Lebon N, Mawussi B, Fron HC, Duret F, 

et al. Understanding dental CAD/CAM for 

restorations--the digital workflow from a mechanical 

engineering viewpoint. International journal of 

computerized dentistry. 2015;18(1):21-44. 

10. Alghazzawi TF. Advancements in CAD/CAM 

technology: options for practical implementation. 

Journal of prosthodontic research. 2016;60(2):72-84. 

11. Boujoual I, Mbarki B, Andoh A. Application of 

CAD/CAM in Dental Medicine: Case report. 2018. 

12. Susic I, Travar M, Susic M, editors. The 

application of CAD/CAM technology in Dentistry. IOP 

Conference Series: Materials Science and 

Engineering; 2017: IOP Publishing. 

13. Güth J-F, Runkel C, Beuer F, Stimmelmayr M, 

Edelhoff D, et al. Accuracy of five intraoral scanners 

compared to indirect digitalization. Clinical oral 

investigations. 2017;21(5):1445-55. 

14. Van der Meer WJ, Andriessen FS, Wismeijer D, 

Ren Y. Application of intra-oral dental scanners in the 

digital workflow of implantology. PloS one. 

2012;7(8):e43312. 

15. Renne W, Ludlow M, Fryml J, Schurch Z, Mennito 

A, et al. Evaluation of the accuracy of 7 digital 

scanners: An in vitro analysis based on 3-dimensional 

comparisons. The Journal of prosthetic dentistry. 

2017;118(1):36-42. 

16. Treesh JC, Liacouras PC, Taft RM, Brooks DI, 

Raiciulescu S, et al. Complete-arch accuracy of 

intraoral scanners. The Journal of prosthetic dentistry. 

2018;120(3):382-8. 

17. Peng L, Chen L, Harris BT, Bhandari B, Morton D, 

et al. Accuracy and reproducibility of virtual 

edentulous casts created by laboratory impression 

scan protocols. The Journal of prosthetic dentistry. 

2018;120(3):389-95. 

18. Patzelt SB, Emmanouilidi A, Stampf S, Strub JR, 

Att W. Accuracy of full-arch scans using intraoral 

scanners. Clinical oral investigations. 

2014;18(6):1687-94. 

19. de Villaumbrosia PG, Martínez-Rus F, García-

Orejas A, Salido MP, Pradíes G. In vitro comparison 

of the accuracy (trueness and precision) of six 

extraoral dental scanners with different scanning 

technologies. The Journal of prosthetic dentistry. 

2016;116(4):543-50. e1. 

20. Paulus S, Eichert T, Goldbach H, Kuhlmann H. 

Limits of active laser triangulation as an instrument for 

high precision plant imaging. Sensors. 

2014;14(2):2489-509. 

21. Persson M, Andersson M, Bergman B. The 

accuracy of a high-precision digitizer for CAD/CAM of 

crowns. The Journal of prosthetic dentistry. 

1995;74(3):223-9. 

22. Beuer F, Edelhoff D, Gernet W, Sorensen JA. 

Three-year clinical prospective evaluation of zirconia-

based posterior fixed dental prostheses (FDPs). 

Clinical Oral Investigations. 2009;13(4):445. 

23. Solaberrieta E, Garmendia A, Minguez R, 

Brizuela A, Pradies G. Virtual facebow technique. The 

Journal of prosthetic dentistry. 2015;114(6):751-5. 

24. Lam WY, Hsung RT, Choi WW, Luk HW, Cheng 

LY, et al. A clinical technique for virtual articulator 

mounting with natural head position by using 

calibrated stereophotogrammetry. The Journal of 

prosthetic dentistry. 2018;119(6):902-8. 

25. Petre A, Drafta S, Stefanescu C, Oancea L. Virtual 

facebow technique using standardized background 

images. The Journal of prosthetic dentistry. 

2019;121(5):724-8. 



Naji Alharethi, IJDRR, 2021 4:44 

IJDRR: https://escipub.com/international-journal-of-dental-research-and-reviews/              9

26. Solaberrieta E, Mínguez R, Barrenetxea L, 

Etxaniz O. Direct transfer of the position of digitized 

casts to a virtual articulator. The Journal of prosthetic 

dentistry. 2013;109(6):411-4. 

27. Beuer F, Schweiger J, Edelhoff D. Digital 

dentistry: an overview of recent developments for 

CAD/CAM generated restorations. British dental 

journal. 2008;204(9):505. 

28. Bilgin MS, Baytaroğlu EN, Erdem A, Dilber E. A 

review of computer-aided design/computer-aided 

manufacture techniques for removable denture 

fabrication. European journal of dentistry. 

2016;10(2):286. 

29. Janeva N, Kovacevska G, Janev E. Complete 

dentures fabricated with CAD/CAM technology and a 

traditional clinical recording method. Open access 

Macedonian journal of medical sciences. 

2017;5(6):785. 

30. Silva NR, Witek L, Coelho PG, Thompson VP, 

Rekow ED, et al. Additive CAD/CAM process for 

dental prostheses. Journal of Prosthodontics: Implant, 

Esthetic and Reconstructive Dentistry. 2011;20(2):93-

6. 

31. Shah S, Ashok V, Ganapathy D. Comparative 

evaluation of rapid prototyping and computer-aided 

milling in prosthodontics-A review. Drug Invention 

Today. 2019;12(5). 

32. Andonović V, Vrtanoski G. Growing rapid 

prototyping as a technology in dental medicine. Mech 

Eng Sci J. 2010;29(1):31-9. 

33. Torabi K, Farjood E, Hamedani S. Rapid 

prototyping technologies and their applications in 

prosthodontics, a review of literature. Journal of 

Dentistry. 2015;16(1):1. 

34. Di Giacomo GA, Cury PR, de Araujo NS, Sendyk 

WR, Sendyk CL. Clinical application of 

stereolithographic surgical guides for implant 

placement: preliminary results. Journal of 

periodontology. 2005;76(4):503-7. 

35. Azari A, Nikzad S. The evolution of rapid 

prototyping in dentistry: a review. Rapid Prototyping 

Journal. 2009;15(3):216-25. 

36. Jawahar A, Maragathavalli G. Applications of 3D 

Printing in Dentistry–A Review. Journal of 

Pharmaceutical Sciences and Research. 

2019;11(5):1670-5. 

37. Ebert J, Özkol E, Zeichner A, Uibel K, Weiss Ö, et 

al. Direct inkjet printing of dental prostheses made of 

zirconia. Journal of dental research. 2009;88(7):673-

6. 

38. Zaharia C, Gabor A-G, Gavrilovici A, Stan AT, 

Idorasi L, et al. Digital dentistry—3D printing 

applications. Journal of Interdisciplinary Medicine. 

2017;2(1):50-3. 

39. Bibb R, Eggbeer D, Williams R. Rapid 

manufacture of removable partial denture 

frameworks. Rapid Prototyping Journal. 

2006;12(2):95-9. 

40. de Vasconcellos LMR, Oliveira FN, de Oliveira 

Leite D, de Vasconcellos LGO, do Prado RF, et al. 

Novel production method of porous surface Ti 

samples for biomedical application. Journal of 

Materials Science: Materials in Medicine. 

2012;23(2):357-64. 

41. Rekow D, Thompson V. Near-surface damage-a 

persistent problem in crowns obtained by computer-

aided design and manufacturing. Proceedings of the 

Institution of Mechanical Engineers, Part H: Journal of 

Engineering in Medicine. 2005;219(4):233-43. 

42. Ahlholm P, Sipilä K, Vallittu P, Jakonen M, 

Kotiranta U. Digital versus conventional impressions 

in fixed prosthodontics: a review. Journal of 

Prosthodontics. 2018;27(1):35-41. 

43. Solaberrieta E, Etxaniz O, Minguez R, 

Muniozguren J, Arias A, editors. Design of a virtual 

articulator for the simulation and analysis of 

mandibular movements in dental CAD/CAM. 

Proceedings of the 19th CIRP Design Conference–

Competitive Design; 2009: Cranfield University Press. 

44. Zizelmann C, Hammer B, Gellrich N-C, 

Schwestka-Polly R, Rana M, et al. An evaluation of 

face-bow transfer for the planning of orthognathic 

surgery. Journal of Oral and Maxillofacial Surgery. 

2012;70(8):1944-50.  

 

 


	content

