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ABSTRACT
With the vast development of digital technologies in dental medicine more opportunities for their application 

emerge. As processing of dental appliances through computer-aided design (CAD) is still dominated by subtractive 
computer-aided manufacturing (CAM) technologies, additive manufacturing offers a wide range of options in the 
different areas of contemporary dentistry. 
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INTRODUCTION

Prosthetic dentistry deals with a wide range of 
methods and technologies in both removable (1) and 
non-removable prosthetics (2, 3). Digital technolo-
gies are increasingly entering everyday clinical prac-
tice. In Bulgaria a significant scientific contribution 
to the creation and testing of a methodology for dig-
ital occlusal analysis in patients with bruxism and 
bruxomania is made by the scientific developments 
of Dimova-Gabrovska (4,5,6), which expand the pos-
sibilities of modern occlusodontics.

Additive manufacturing, also known as 3D print-
ing, is the process of building up an object layer by 
layer (drop by drop, particle by particle, etc.) (7). 
When compared to subtractive processing (8) (carv-
ing an object into a desired shape), it allows far more 
complex shapes and structures being processed (with 
almost any geometry). Also printing saves raw ma-
terial and the quality of the processed object is not 
limited by the condition of the rotary carving in-
strument (9). Printing allowed some game-changing 
products in dentistry as clear aligners (10), implant 
and surgical guides (11). 

Digital technologies are applicable in all areas of 
prosthetic dentistry—from prosthetics in childhood 
(12) to maxillofacial prosthetics (13).

All this argues the need to present a review on all 
methods for digital additive manufacturing.

AIM

The aim of this brief review is to summarize and 
analyze the different technologies and applications of 
additive manufacturing in contemporary dentistry.

MATERIALS AND METHODS

The article is based on various researches includ-
ing retrospective, randomized trials and case report 
articles in PubMed, ResearchGate, ScienceDirect, 
and Google Scholar databases. The survey concerns a 
variety of techniques and analyzes previous system-
atic reviews on the topic.

All the articles included are in English only.

ADDITIVE TECHNOLOGIES 

1.	 Polymerization-based printing:
1.1. Stereolithography (SLA)—polymerization of 

a photosensitive monomer resins with a laser 
UV-light source. 

1.1.1. Digital light processing (DLP)—
polymerization with a digital mi-
cromirror device—faster produc-
tion but with rougher surface struc-
ture (consisting of tiny rectangular 
cubes—voxels). 

1.2. Solid ground curing (SGS)—polymerization 
with a UV source through a mask. Too com-
plex processing.

1.3. Liquid thermal polymerization (LTP)—po-
lymerization with a heat source. Not very 
accurate.

1.4. Beam interference solidification (BIS)—po-
lymerization with two UV sources. Not very 
precise.

1.5. Holographic interference solidification 
(HIS)—polymerization with a holographic 
image in a resin tank. 

2.	 Laser melting:
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6.1.	Laminated object manufacturing (LOM)—
layers of special paper with thermo activated 
adhesive on one side are shaped with a laser 
beam and adhered together.

6.2.	Solid foil polymerization (SFP)—layers of 
semi-polymerized plastic foils are layered 
and polymerized in shape.

7.	 Bioprinting—although still in an early stage, 
these technologies promise great improvement of 
guided tissue regeneration in dentistry (17):
7.1.	Photolithography—used for tissue engineer-

ing scaffolds and microdevices (18).
7.2.	Magnetic 3D bioprinting—manipulating 

cells in particular order with the help of mag-
netic nanoparticles (“nano-shuttles”) and 
magnetic fields (19)

7.3.	Stereolithography (SLA)—layer-wise bioink 
(20) scaffold printing (21).

7.4.	Direct cell extrusion—similar to inkjet print-
ing. Pressure during extrusion reduces cell 
viability (22).

APPLICATIONS IN CONTEMPORARY 
DENTISTRY

01.	Orthodontics—additive manufacturing has been 
used for producing appliances as:
•	 study models 
•	 clear aligners—both models for thermoform-

ing and aligners (23)
•	 clear retainers—both models for thermoform-

ing and retainers (24)
•	 models for indirect bonding technique and 

printed indirect bonding jigs (25)
•	 printed individual brackets (26)
•	 custom-casted removable appliances 

02.	Prosthodontics 
•	 study models
•	 dentures
•	 crowns and bridges 
•	 inlays, onlays, endocrowns
•	 digital smile design mock-ups and 

visualizations
•	 splints 
•	 night guards
•	 maxillofacial ecto- and endo prostheses
•	 working models
•	 mouth guards 
•	 preparation guides
•	 individual implant abutments
•	 ecto prostheses in the maxillofacial region

03.	Conservative dentistry
•	 study models
•	 endodontic guides

2.1.	Selective laser sintering (SLS)—heated fine 
powder is preheated and fused by a laser 
beam. Can be used with wax, nylon, compos-
ites, metals.

2.2.	Selective laser melting (SLM)—similar to 
SLS, but with higher laser power for melting 
the powder.

2.3.	Direct metal laser sintering (DMLS)—a.k.a 
direct metal printing (DMP)—used only for 
metal powders. According to Barazanchi et 
al. (14) the use of this additive method can 
make the fabrication of CoCr elements easier.

2.4.	Laser engineered net shaping (LENS)—a.k.a. 
SLC, DMD, LPD (15), uses laser beam and 
a powder distribution nozzle. Enables pro-
duction of larger objects, but lacks surface 
smoothness and precision.

2.4.1.	Selective laser cladding (SLC)
2.4.2.	Direct metal deposition (DMD)—

similar to LENS, but with more than 
one powder nozzle.

2.4.3.	Laser powder deposition (LPD)
3.	 Electron beam:

3.1.	Electron beam manufacturing (EBM)—sim-
ilar to SLS, but with electric beam, instead of 
laser. Works only with metal powder. Less 
precise than SLS

4.	 Extrusion processes:
4.1.	Fused deposition melting (FDM)—a mov-

ing extruding head deposits a heated materi-
al onto a substrate. The most popular “desk-
top” printing system, usually with two mov-
ing heads—one for the object material and 
one for supporting material. Due to shrink-
age not very precise.

4.2.	Robocasting—layer-wise deposition tech-
nique for highly loaded colloidal slurries for 
dense ceramics (16) and composites.

5.	 Material jetting—objects are printed out of pow-
der with sprayed adhesive (binder) or molten 
material:
5.1.	Three-dimensional printing (3DP)—binder 

is placed by a moving nozzle into a descend-
ing powder bed layer by layer.

5.2.	Multijet modelling (MJM)—thermo/pho-
to polymer is placed by a moving nozzle into 
a descending powder bed layer by layer and 
polymerized with heat/UV light.

5.3.	Ballistic particle manufacturing (BPM)—
builds up molten droplets of thermoplastic 
material.

5.4.	Thermojet—builds up molten droplets of 
thermoplastic material, similar to MJM.

6.	 Adhesive-based processes:
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•	 printed tooth models for endodontic student 
bench exercises 

•	 tooth prototypes for tooth autotransplanta-
tion procedures

•	 templates for direct tooth restorations
04.	Oral surgery

•	 study models for surgery preparation
•	 soft tissue retractors
•	 implantation guides
•	 individual implants
•	 individual guided bone regeneration (GBR) 

scaffolds
•	 individual soft tissue scaffolds

05.	Maxillofacial surgery
•	 study models 
•	 soft tissue retractors
•	 individual osteosynthesis implants
•	 individual GBR scaffolds
•	 individual soft tissue scaffolds
•	 ecto prostheses in the maxillofacial region

06.	Periodontology
•	 surgical guides
•	 study models
•	 individual GBR scaffolds
•	 individual soft tissue scaffolds
•	 soft tissue retractors

CONCLUSION

The first commercial SLA printer—3D Systems 
SLA-1 was introduced in 1987 by Charles Hull. With 
the advancement of digital technology in the last de-
cade many new applications of additive manufactur-
ing have found a place in contemporary dentistry. 
Having the hardware for digital imaging, scanning 
and software for processing allows many of the pro-
cedures in the different fields of dental medicine to 
be planned and executed with precision and predict-
ability of the results. With the combination of dig-
ital subtractive and additive manufacturing meth-
ods dental clinicians can achieve full customization 
of the appliances for their patients. Bioprinting is re-
ferred to as the “next big thing” (27) in medicine as 
the development of this technology will provide the 
opportunity to produce custom fabricated teeth and 
surrounding tissues (28). 

The manufactured constructions optimally re-
store the masticatory function regardless of the food 
preferences (29, 30) of the patients and satisfy the 
medico-biological indicators for prophylaxis and 
aesthetics.

In conclusion—the presented review allows a 
clear approach when discussing the different meth-
ods for digital additive manufacturing. The present-
ed information can be used for future research in the 
field, as it can also be used by dental medics in their 
everyday practice.

REFERENCES

1.	 	 Hadjieva H, Dimova M. Selective Pressure Impression Methods for Total Dentures by Patients with Loose and 
Hypermobile Mucosa on the Alveolar Ridges. Journal of IMAB, 2005;11(2):51-53.

2.	 	 Dimova M. Preliminary constructions in non-removable dentures, Dissertation, Sofia,  2003, 142-163. 

3.	 	 Dimova Gabrovska M, Dimitrova D, Yordanov B, Yankova M, Peev T. Advantages and disadvantages of 
paediatric crown prosthetic treatment. Journal of IMAB, 2019;23(3):2695-2700. doi: 10.5272/jimab.2019253.2695.

4.	 	 Dimova Gabrovska M. Contemporary tendencies and gnathological preconditions in diagnosis and 
rehabilitation of craniomandibular disorders. Dissertation, Sofia, 2015;162-197.

5.	 	 Dimova M. Occlusion and articulation in bruxism and bruxomania investigated with the system T-scan, Journal 
of IMAB, 2014; 20(5):655-660. doi: 10.5272/jimab.2014205.655.

6.	 	 Dimova M. Computerized occlusal analysis at maximum intercuspation in patients with bruxism and 
bruxomania, Preliminary report, Problems of dental medicine, Sofia, 2014; 40(1):22-26.

7.	 	 https://www.merriam-webster.com/dictionary/additive%20manufacturing

8.	 	 Dawood A, Marti M, Sauret-Jackson V, Darwood A. 3D printing in dentistry. British Dental Journal, 2015; 
219(11):521–529. doi:10.1038/sj.bdj.2015.914. 

9.	 	 Nicolas L, Tapie L, Vennat E, Mawussi B. Influence of CAD/CAM tool and material on tool wear and 
roughness of dental prostheses after milling. The Journal of prosthetic dentistry. 2015; 114. doi: 10.1016/j.
prosdent.2014.12.021. 

10.	 https://www.fortunebusinessinsights.com/industry-reports/clear-aligners-market-101377

11.	 https://idataresearch.com/product/surgical-guides-market-europe/



143

Stefan Rangelov

Address for correspondence:
Stefan Rangelov

Faculty of Dental Medicine
Medical University of Sofia

1 Sveti Georgi Sofiyski St
1431 Sofia

e-mail: s.rangelov@fdm.mu-sofia.bg

12.	 Dimitrova D, Andreeva R, Dimova-Gabrovska M. Application of Aesthetic Crowns in Children Patients. Varna 
Medical Forum. 2018; 7:173-177.

13.	 Mihaylov T, Gerdzikov I, Dimova-Gabrovska M, Mihaylova K. Maxillofacial injuries and defects. Quality of life 
after orthopedic rehabilitation / edited by prof. T. Mihaylov, Varna, Press.mu-varna.bg, 2016, 267-272.

14.	 Barazanchi A, Li K, Al-Amleh B, Lyons K, Waddell J. Additive Technology: Update on Current Materials and 
Applications in Dentistry. Journal of Prosthodontics, 2016; 26(2):156–163. doi:10.1111/jopr.12510. 

15.	 Khaing M, Fuh J, Lu L. Direct metal laser sintering for rapid tooling: processing and characterization of EOS 
parts. J Mater Process Technol, 2001; 113:269–272.

16.	 Rodrigues I, Guedes M, Olhero S, Chefdor A, Branco A, Leite M. Figueiredo-Pina C. Development of free binder 
zirconia-based pastes for the production of dental pieces by robocasting. Journal of Manufacturing Processes, 
2020; 57, 1–9. doi:10.1016/j.jmapro.2020.06.015. 

17.	Teerdha P, Adamali M, Smriti K, Gadicherla S. 3D Bio-Printing-A Review on Current Application and Future 
Prospects in Dentistry. Journal of International Dental and Medical Research. 2019; 12. 1202-1210. 

18.	 Rodrigues I, Guedes M, Olhero S, Chefdor A, Branco A. Leite M, Figueiredo-Pina C. Development of free binder 
zirconia-based pastes for the production of dental pieces by robocasting. Journal of Manufacturing Processes, 
2020; 57, 1–9. doi:10.1016/j.jmapro.2020.06.015. 

19.	 Gwathmey J, Tsaioun K, Hajjar R. Cardionomics: a new integrative approach for screening cardiotoxicity 
of drug candidates. Expert Opinion on Drug Metabolism & Toxicology, 2009, 5(6):647–660. 
doi:10.1517/17425250902932915. 

20.	 Gopinathan J, Noh I. Recent trends in bioinks for 3D printing. Biomater. Res. 2018; 22:11. doi: 10.1186/
s40824-018-0122-1.

21.	 Guvendiren, M., Molde, J., Soares, R. M. D., & Kohn, J. (2016). Designing Biomaterials for 3D Printing. ACS 
Biomaterials Science & Engineering, 2 (10), 1679–1693. doi:10.1021/acsbiomaterials.6b00121 

22.	 Bishop E, Mostafa S, Pakvasa M, Luu H, Lee M, Wolf J, Reid R. 3-D bioprinting technologies in tissue 
engineering and regenerative medicine: Current and future trends. Genes & Diseases, 2017, 4(4): 185–195. 
doi:10.1016/j.gendis.2017.10.002. 

23.	 Jindal P, Juneja M, Siena F, Bajaj D, Breedon P. Mechanical and geometric properties of thermoformed and 3D 
printed clear dental aligners. American Journal of Orthodontics and Dentofacial Orthopedics, 2019; 156(5):694–
701. doi:10.1016/j.ajodo.2019.05.012. 

24.	 Cole D, Bencharit S, Carrico C, Arias A, Tüfekçi E. Evaluation of fit for 3D-printed retainers compared with 
thermoform retainers. American Journal of Orthodontics and Dentofacial Orthopedics, 2019; 155(4):592–599. 
doi:10.1016/j.ajodo.2018.09.011. 

25.	 Kim J, Chun Y, Kim M. Accuracy of bracket positions with a CAD/CAM indirect bonding system in posterior 
teeth with different cusp heights. American Journal of Orthodontics and Dentofacial Orthopedics, 2018; 
153(2):298–307. doi:10.1016/j.ajodo.2017.06.017. 

26.	 Krey K, Darkazanly N, Kühnert R, Ruge S. 3D-printed orthodontic brackets - proof of concept. Int J Comput 
Dent. 2016;19(4):351-362. PMID: 28008431.

27.	 https://nextbiglab.com/2020/09/23/bioprinting-future-perspectives/

28.	 Ma Y, Xie L, Yang B, Tian W. Three-Dimensional Printing Biotechnology for the Regeneration of the Tooth and 
Tooth-supporting Tissues. Biotechnology and Bioengineering. 2018; doi:10.1002/bit.26882. 

29.	 Hadjieva H, Dimova M. Т. Peev: Clinical procedures contributing to the aesthetic result in total prosthetic 
treatment, Zabolekarski Pregled, 2006, 88, 2, 108-112.

30.	 Dimova Gabrovska M., D. Dimitrova, B. Yordanov, M. Yankova, T. Peev: Advantages and disadvantages of 
paediatric crown prosthetic treatment. Journal of IMAB, 23, 2019, № 3, p. 2695-2700. 


