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Abstract---Background: Digital technologies have revolutionized 

various fields, and dentistry is no exception. The integration of 

advanced digital systems into dental practice has significantly 
transformed clinical workflows and patient care. This review explores 

the impact of different digital technologies on dentistry, emphasizing 

the progress and current state of digital systems. Aim: The aim of this 
review is to examine the advancements in digital dentistry, focusing 
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on key technologies such as CAD/CAM systems, imaging 

technologies, and practice management software, and their 
implications for clinical practice and material science. Methods: The 

review synthesizes information from a range of sources, including 

historical developments and current technological innovations in 
digital dentistry. Key areas of focus include intraoral and laboratory 

scanners, CAD/CAM systems, additive manufacturing, and workflow 

optimization. Results: Digital systems have significantly improved the 

accuracy and efficiency of dental restorations and treatments. 
Intraoral scanners provide real-time imaging and detailed digital 

visuals, enhancing patient communication and comfort. CAD/CAM 

systems have expanded to accommodate a wide range of dental 
appliances and restorations. Additive manufacturing, or 3D printing, 

has introduced new materials and design possibilities, contributing to 

the development of complex dental prostheses and models. The advent 
of open architecture systems has further streamlined workflows, while 

digital patients and computer-assisted surgery have enhanced 

precision in treatment planning and execution. Conclusion: The 
integration of digital technologies into dentistry has led to substantial 

advancements in clinical practice. Modern digital systems offer 

improved accuracy, efficiency, and patient satisfaction, with ongoing 

innovations continuing to shape the future of dental care. The 
continued development of these technologies promises further 

enhancements in restorative procedures, material science, and 

personalized treatment planning. 
 

Keywords---Digital Dentistry, CAD/CAM Systems, Intraoral Scanners, 

Additive Manufacturing, Workflow Optimization, Computer-Assisted 
Surgery, Digital Patient 

 

 
Introduction 

 

Digital systems are now pervasive in our daily lives. The interconnectivity rate has 

soared by 1125% since the year 2000. By June 2019, 57.3% of the global 
population owned a cell phone, with ownership rates exceeding 80% in Europe 

and North America (1). Digital assistants respond to voice commands, performing 

tasks such as answering queries, ordering food, arranging transportation, 
translating spoken languages, and comparing product brands (2). Beds can 

automatically adjust your position if snoring is detected (3). Sensors in baby 

diapers monitor activities and notify caregivers when a change is needed (4). 
Almost every home device, from window blinds to pet feeders, can be digitally 

controlled via buttons or voice commands (5). Therefore, it is no surprise that 

digital systems are increasingly becoming integrated into the field of dentistry. 
 

Pioneers in Digital Dentistry 

 
Historically, digital advancements have been primarily focused on three areas: 

CAD/CAM systems, imaging technologies, and practice/patient management 

systems. CEREC™, the first commercially available in-office CAD/CAM system, 
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enabled the production of same-day restorations (6). Around the same time, 

Procera™, a laboratory-based system, was introduced (7). These innovations 

spurred the evolution of new materials (8) and the development of numerous 

other CAD/CAM systems (9). Early advancements in imaging included both 
intraoral imaging systems integral to the CEREC™ system and developments in 

digital radiography. Introduced in the late 1980s, digital radiography 

revolutionized the field by enhancing image quality and evolving from phosphor 
plates to solid-state detectors, cone beam computed tomography (CBCT), and new 

generations of intraoral scanners (10). 

 
Practice management software facilitated the collection of patient demographics, 

scheduling, interactions with insurance companies, billing, and report generation. 

Simultaneously, electronic patient records—digital versions of patient-centered, 
clinically-oriented information—prompted improvements in tracking patient 

health, assessing quality of care, and mining data for research, including 

evaluating the efficiency and effectiveness of clinical procedures (11). 

Simultaneously, other technologies have significantly influenced and enabled 
innovations in digital dentistry, often at an astonishing pace. Although not 

exhaustive, these technologies include sensor miniaturization, artificial 

intelligence, augmented and virtual reality, robotics, 3D printing, telehealth, big 
data, interoperability, the Internet of Things, nanotechnology, quantum 

computing, biomedical engineering, data storage costs, connectivity, and more. 

Many of these technologies were unimaginable two decades ago, with terms that 
were not even known then. 

 

The Current and Future State of Digital Dentistry 
 

Undeniably, the field of dentistry is undergoing a transformation. To varying 

degrees, digital systems are now integral to nearly every aspect of dentistry. 

Modern systems are user-friendly, patient-friendly, versatile, and valuable clinical 
tools (12). While the range of digital systems is vast, this discussion primarily 

focuses on those with significant implications and opportunities for material 

science advancements and innovations. 
 

Scanners: Contemporary scanners, whether intraoral or laboratory-based, have 

revolutionized restorative dentistry. Real-time imaging now provides on-screen 
digital visuals of single or multiple teeth, full arches, opposing arches, occlusion, 

and surrounding soft tissues. 

 
Intraoral Scanners: On-screen images simplify the explanation of treatment 

options to patients, who also appreciate the more comfortable data acquisition 

process. Bulky plaster casts/models are replaced by easily stored digital files that 

can be retrieved for various purposes at any time. Based on comprehensive data 
from the 11 intraoral scanners showcased at the 2017 International Dental Show 

and updated information from suppliers, the following scanner features are 

summarized (13-27): 

 Time required to scan a full arch: 1–10 minutes (most within 1–3 minutes) 

 Tooth coating required: not needed for 8 out of 11 scanners 

 Ability to capture occlusion: all systems 
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 Color image capture: 4 out of 11 capture in color; 7 capture only in black 

and white 

 Shade selection enabled: possible with 3 out of 11; 6 include color image 
capture 

 Scanner wand weight: 2.5–17.6 ounces; 6 out of 11 are under 10 ounces 

 Scanner dimensions: 0.4–2.9 square inches in tip area; 8–10-inch length 

 Depth of field: direct contact to 15–18 mm; one scanner ranges from 7 to 
22 mm 

 System configuration: available in carts, portable (hand-held/tablet), 

integrated into the dental chair; multiple configurations offered by most 

manufacturers 

 Wireless connection: available in most systems 

 Open/closed architecture: all systems have open architecture; 2 also offer 

closed architecture 

 
Accuracy and trueness between scanned data and reference data have been 

extensively studied. Results indicate minor differences between intraoral scanned 

data, extraoral scan data, and data from conventional impressions/models, 
though all fall within acceptable clinical limits (28-31). Predictably, factors such 

as sharp corners, powder coating, and long cross-arch spans can influence 

accuracy (32). The scan pattern might also affect accuracy (33) or not, depending 

on the study design and the scanners used (34). The primary concern is whether 
restorations based on intraoral scan data are equivalent to those produced from 

conventional impressions. Most studies found no significant differences in margin 

fit between restorations produced by these two data acquisition methods (35-43). 
The precision of internal fit for conventionally and digitally imaged cross-arch 

prostheses was slightly inferior in digitally produced versions but still within 

clinically acceptable ranges (44). At least one study reported better marginal fit 
with digital scans, although the differences were within conventional limits (45). 

Digitally fabricated 3-unit ceramic frameworks fit better than conventionally 

fabricated metal frameworks (46). Comparing results across different studies is 
challenging. Between April and July 2017, 2093 publications appeared in peer-

reviewed and non-peer-reviewed sources. Of these, 183 had full texts, and only 34 

contained sufficient detail for in-depth analysis of digital technologies' accuracy in 

scanning facial, skeletal, and intraoral tissues (47). Establishing testing and 
evaluation standards, or at least reaching an agreement among major 

institutions, is necessary. 

 
Laboratory Scanners: Currently, over 20 laboratory-based scanners are 

available, capable of scanning either stone casts or impressions. All offer 

accuracies of at least 15 μm and are widely used in office-laboratory workflows 
(48-52). 

 

CAD/CAM Systems 
 

CAD/CAM systems have transformed the design and fabrication of restorations, 

models, and other dental appliances. Early systems were limited to creating only 
inlays, but now there appears to be no boundary to the types of restorations that 

can be produced, ranging from simple inlays to digitally designed and fabricated 

full dentures, orthodontic appliances, study models, implant-related components, 
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and both straightforward and intricate surgical guides (9). The introduction of 

open architecture has redefined data flow from design to fabrication, creating 

innovative pathways (discussed below). In 2019, there were 252 CAD/CAM-

related exhibitors at the IDS meeting (53), highlighting the extensive range of 
CAD/CAM systems. Therefore, this discussion will focus on design innovation 

and the shift from subtractive to additive manufacturing. 

 
CAD/Design Software Enhancements 

 

The integration of data from multiple sources, combined with advanced user 
interfaces and CAD software capabilities, has introduced significant new 

possibilities. Modern software modules now feature robust aesthetic 

enhancements, including smile design, tooth form libraries, color matching, and 
tooth placement for dentures. Other advancements incorporate jaw tracking to 

improve and automate aspects of dynamic occlusion (9). Digital smile design 

combines digital facial photographs with software analysis to help practitioners 

and laboratory technicians create and plan treatments, providing a virtual 
simulation of final aesthetic results. This approach is particularly beneficial for 

complex, multidisciplinary restorations, facilitating communication between 

clinicians and laboratories, and engaging patients in aesthetic decisions and 
setting realistic treatment expectations (54-58). Interestingly, some studies 

suggest that general-purpose image-processing software, not integrated into CAD 

packages, can offer similar or even more comprehensive smile analysis (59, 60). 
 

Tooth form libraries provide general tooth shapes and proportions, allowing for 

partial automation of restoration design and speeding up digital ‘waxing’ (61). 
Both tooth form and color are crucial for patient satisfaction. Digital photographs 

can be calibrated for color and white balance, then applied to virtual images 

obtained from intraoral scans (62, 63). Virtual tooth models with detailed color 

information facilitate shade matching and support collaborative decision-making 
between patients and clinicians regarding final restorations (62). While intraoral 

scans in color may potentially eliminate the need for photographic data 

integration, this has yet to be widely documented. It remains uncertain whether 
CAD software can automatically adjust for shade variations due to manufacturing 

processes, cement choices, or underlying tooth structure. Occlusion is a key 

factor in restoration design, longevity, and patient satisfaction. Jaw dynamics 
captured by cone beam computed tomography (CBCT) or intraoral scanners 

create a virtual articulator (64, 65). Data capturing the full range of static and 

dynamic jaw movements and occlusion can be integrated with smile design, 
computer-assisted implant planning, and digital maxillofacial surgery planning 

(65). However, the integration of data from various sources is not yet fully 

seamless, often requiring interactive file transfers and user interactions for 

superimpositions (65). 
 

Additive Manufacturing 

 
Additive manufacturing, commonly known as 3D printing (3DP), has become a 

fully integrated option in CAM hardware, providing an alternative to subtractive 

machining (milling). The distinct advantage of additive manufacturing is its design 
flexibility. Unlike traditional methods that start with a solid block, additive 
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manufacturing builds products layer by layer, allowing for complex geometric 

configurations. This capability has not yet been fully exploited in the design of 
dental prostheses (66). 

 

Seven different 3DP technologies are available (67-70), but four are most 
commonly used in dentistry: stereolithography (SLA), digital light processing 

(DLP), material jetting (MJ), and material extrusion (MD), with others also being 

explored (69, 71, 72). Invisalign™ was one of the pioneers in using 3DP to 

produce models with successive tooth positions for orthodontic aligners (73). 
Today, 3DP can create a wide range of dental components, including simple 

models, wax forms, tooth-colored temporaries, surgical guides, and complex long-

term metal and ceramic prostheses, as well as digitally manufactured full 
dentures (9, 74). Materials available for 3DP include glass ceramics, cobalt 

chromium, composites, PMMA, resins/polymers, wax, titanium, and zirconia, 

with new materials continually emerging (9, 71). The quality of 3DP products is at 
least comparable to those made using conventional methods (75, 76). Specific 

studies have shown that 3DP interim crowns fit better (75, 76), drill guides are 

accurate within 0.25° of planned implants (77), and occlusal splints exhibit 
comparable polished surfaces and wear (78). The accuracy of external surfaces, 

intaglio surfaces, marginal areas, and occlusal surfaces of 3D-printed zirconia 

crowns is reported to be comparable to milled crowns (79). Custom-made 

templates and craniofacial prostheses produced via 3DP provide good aesthetics 
and better fit compared to traditional methods (80). 

 

A particularly interesting in-vivo study compared the comfort and satisfaction of 
twelve patients wearing two sets of removable full dentures, one 3D-printed and 

one conventionally fabricated with CoCr bases (81). Patients rotated through 

wearing both types of dentures. At the study's conclusion, only one patient 
preferred the conventional denture, and three had no preference. The 3DP 

denture bases, though identical in material and design, were found to be harder, 

denser, and exhibited better microstructural organization. They also showed 
improved clasp retention and denture stability due to higher yield strength and 

ultimate tensile strength. 

 

3DP plays a crucial role in diagnostics, treatment planning, patient 
communication, skills training, and maxillofacial surgery (82, 83). Low-cost 

printers offer a practical alternative for in-house production, producing clinically 

acceptable provisional crowns and bridges (84), full arch models (85), and digital 
copies of plaster orthodontic models (86). These printers create realistic models 

with sufficient dimensional accuracy for various applications (82). They have also 

been successful in creating face masks for facial transplants, ensuring donor 
resemblance without jeopardizing the allograft (87). The integration of 3DP into 

digital dentistry has led to new material innovations. According to a 

comprehensive review by Galante et al., additive manufacturing of ceramics for 
dental applications remains under-researched (71). Another review found 1322 

relevant papers on dental implant fabrication via additive manufacturing, but 

only 13 were deemed suitable for systematic review. This highlights the need for 
standardized methodologies to evaluate the efficacy of additive manufacturing in 

dental applications. 
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Workflow with CAD/CAM 

 

The evolution of CAD/CAM systems has significantly altered workflows in dental 

restoration processes. While the functional components of data acquisition, 
design, and fabrication remain fundamentally the same, modern CAD/CAM 

systems offer a dramatically different approach to workflow, thanks to open 

architecture systems. 
 

Open Architecture Systems: Traditionally, CAD/CAM systems operated as 

closed systems, integrating all functional components into a single system. Today, 
open architecture has created opportunities for users to select and link functional 

components from various manufacturers. This flexibility allows for a more tailored 

workflow, enabling the distribution of tasks according to the interests, 
capabilities, and skills of those involved in fabricating dental components. The 

digital workflow has demonstrated significant time savings from data acquisition 

to final product, with the greatest reductions observed in laboratory time (88, 89). 

 
The Digital Virtual Patient as an Enabler 

 

The integration of various digital technologies has expanded the possibilities 
within dentistry. The concept of the digital patient—created by integrating facial 

data, radiographic information, intraoral images, and other relevant data—has 

enabled advancements in computer-assisted surgery, CAD/CAM systems, one-
appointment restorations, and tissue-engineered scaffolds. 

 

Digital Patient: The digital patient integrates data from multiple sources to 
develop a comprehensive digital treatment plan. This platform allows for the 

design and simulation of procedures, including restoration design, surgical 

navigation, and craniofacial surgeries. The virtual patient reduces errors 

associated with conventional methods, decreases planning time, and enhances 
intuitiveness (90-93). Additionally, it enables clinicians and technicians to model 

and evaluate multiple configurations more efficiently than with traditional 

methods, which may cause damage to models and involve limited 3D data and 
manual manipulations. In orthognathic surgeries, planning with the virtual 

patient allows for high precision and optimization, resulting in more accurate 

surgical outcomes (95, 96). CAD/CAM systems can directly design and fabricate 
prostheses, surgical guides, models, and other structures based on this digital 

model. 

 
Computer-Assisted Surgery/Dynamic Surgical Navigation 

 

Computer-assisted surgery (CAS) represents a significant advancement enabled 

by digital technology. CAS uses navigation systems similar to GPS to track the 
real-time position of surgical devices (e.g., endodontic files, implants, scalpels) 

and project this information onto digital images of the anatomical area of interest. 

This guidance helps clinicians follow planned pathways and avoid interference 
with adjacent tissues. Optical tracking systems, which use light-emitting diodes 

mounted on surgical devices, are commonly used. For instance, the YOMI™ 

computerized navigation system, approved by the FDA in 2017, provides robotic 
guidance to enhance the skill and precision of implant surgery (97). 
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Dynamic surgical navigation has been shown to improve positioning accuracy for 

dental implants and reduce errors in various dental procedures (101-104). Mixed 
reality, which integrates virtual and augmented reality, further enhances 

visualization by combining real and virtual environments (105). 

 
Mixed Reality: Mixed reality fuses real and virtual environments to enhance 

visualization during procedures. Technologies like Google Glasses and other VR 

equipment create immersive virtual spaces, while mixed reality integrates real-

world elements into these virtual environments (105). 
 

Robots Already in Dentistry 

 
Robots have seen extensive use outside of dentistry, from autonomous package 

delivery to manufacturing and assembly. In medicine, robots have been used 

since 1992, with significant numbers of robotic surgeries performed annually 
(109). Although robotics in dentistry are less prevalent, there have been notable 

developments: 

 Early Robotics: In 2001, a remote-controlled robot performed caries 

removal, crown and bridge preparation, and endodontic therapy (111). 

 Tooth Preparation: Robots have been tested for accuracy in laminate 

veneer and crown preparations (112-114). 

 Wire-Bending Robots: Introduced around the turn of the century, these 

robots have been used to create orthodontic wires. A recent mobile wire-
bending machine can produce fixed orthodontic retainers in four minutes 

(115, 116). 

 YOMI™ Robot: This robot, approved in 2017, guides implant surgery with 
high precision (97). In China, a robot dentist successfully inserted 

implants with 0.2–0.3 mm accuracy in a live patient (117). 

 

A Different Approach to One-Visit Crowns and Bridges 
 

One of the initial advantages of CAD/CAM systems was the ability to provide 

chair-side one-visit restorations. Traditional CAD/CAM systems required 
relatively long appointments for designing and fabricating restorations. However, 

a new approach introduced in 2017—FIRSTFIT™—shortens appointment times 

while still delivering high-quality crowns and bridges. 
 

FIRSTFIT™ Approach: This approach involves sending digital impressions and 

bite registration, along with shade and characterization descriptions, to a 
laboratory before tooth preparation. The laboratory designs the preparation and 

creates 3D surgical guides for tooth preparation. Simultaneously, the definitive 

crown or bridge is designed and printed (typically from zirconia). The guides, a 

unique burr, and the final restoration are then sent to the dentist, who uses the 
guides to prepare the tooth and immediately seats the final restoration. A stone 

model of the patient's dentition is also provided for the dentist to verify the fit and 

technique. This method raises questions about managing unexpected 
intracoronal pathologies and the potential role of assistants in completing 

preparations. These advancements in CAD/CAM systems and digital workflows 

have significantly enhanced the precision, efficiency, and capabilities of dental 
restoration and surgical procedures. 



 

 

55 

Scaffolds and Tissue Engineering 

 

Advancements in digital imaging and 3D printing technologies have profoundly 

impacted tissue engineering, particularly in craniofacial reconstruction. 
Integration of data from cone beam computed tomography (CBCT) and other 

imaging techniques with 3D printing has opened new possibilities for personalized 

scaffolding constructs. 
 

Personalized Scaffolding: 

 Customized Constructs: The use of patient-specific anatomical data 

allows for the creation of scaffolds that match the unique topography and 
internal geometry of the patient's anatomy. This includes tailoring the 

interconnected pore structure and adjusting mesoscopic and macroscopic 

porosity to meet specific needs (121, 122). 

 Stiffness Tuning: Scaffold properties, such as stiffness, can be adjusted 

based on site-specific requirements to optimize performance (125). 

 
Applications and Innovations: 

 Inter-Dental Scaffolds: New developments have focused on scaffolds 

within root canals, with successful vasculogenesis achieved even with 

hand-held bioprinting systems. Micro-patterns of the human dentin-pulp 
complex have shown over 88% viability. 

 Bio-Inks: Innovations in bio-inks enable the integration of live cells and 

temperature-sensitive pharmaceutical agents into scaffolds. Advances in 

extrusion-based bio-ink printing highlight improvements in 
biocompatibility, printability, and mechanical properties. Challenges 

remain in printing structures that effectively promote tissue and organ 

regeneration. 
 

The field of scaffolds and tissue engineering is rapidly evolving, with digital 

dentistry playing a crucial role. The creation of scaffolds and engineered tissues 
represents a promising area for material science and regenerative medicine (126). 

 

Conclusion 
 

Advances in digital dentistry have dramatically transformed the landscape of 

dental practice, driving significant improvements in both clinical outcomes and 

patient experiences. The integration of digital technologies such as CAD/CAM 
systems, intraoral scanners, and additive manufacturing has revolutionized 

various aspects of dental care, from diagnosis and treatment planning to the 

fabrication of dental restorations. Intraoral scanners, for example, have replaced 
traditional plaster models with digital files that enhance the precision and 

efficiency of restorations. These scanners facilitate real-time imaging of the dental 

arch and surrounding tissues, providing clinicians with detailed visualizations 
that simplify patient communication and improve comfort during data 

acquisition. The accuracy of these digital impressions has been demonstrated to 

be comparable to conventional methods, with minor variations that remain within 
clinically acceptable limits. CAD/CAM systems have further expanded the 

capabilities of digital dentistry by enabling the design and production of a wide 

range of dental appliances and restorations. The shift from subtractive to additive 
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manufacturing, particularly through 3D printing, has introduced new materials 

and design flexibility, allowing for the creation of complex geometries and 
personalized prostheses. Additive manufacturing has shown comparable, if not 

superior, accuracy in producing dental components, with applications ranging 

from temporary crowns to full dentures. The advent of open architecture systems 
has streamlined workflows by allowing for the integration of components from 

various manufacturers, optimizing the efficiency and customization of dental 

procedures. The concept of the digital patient, which integrates diverse data 

sources into a comprehensive digital model, has enhanced the precision of 
treatment planning and surgical navigation. Computer-assisted surgery and 

mixed reality technologies have further advanced the field by providing real-time 

guidance and immersive visualization during procedures. Overall, digital 
advancements in dentistry have led to substantial gains in accuracy, efficiency, 

and patient satisfaction. The ongoing evolution of these technologies promises 

continued improvements in dental care, with future innovations likely to push the 
boundaries of what is possible in restorative dentistry and personalized 

treatment. 

 
References 

 

1. Internet World Stats. (2019). Internet world stats: Usage and population 

statistics. Miniwatts Marketing Group. Retrieved July 30, 2019, from 
https://www.internetworldstats.com/stats.htm 

2. Amazon. (2019). The best voice assistants. Retrieved July 2019, from 

https://www.reviews.com/voice-assistant/ 
3. Sleep Number. (2017). How to stop snoring: Solution to snore no more. 

Retrieved July 2019, from https://sleepnumber.com/360 

4. Baca, M. C. (2019, July 18). Baby’s first smart diaper: Pampers takes 
‘wearables’ to a whole new level. The Washington Post. 

5. Colon, A., & Griffith, E. (2019, July 18). The best smart home devices for 

2019. PC Magazine. Retrieved from 
https://www.pcmag.com/article/303814/the-best-smart-home-devices-for-

2019 

6. Mormann, W. H., Brandestini, M., & Lutz, F. (1987). The Cerec system: 

Computer-assisted preparation of direct ceramic inlays in one setting. 
Quintessenz, 38, 457–470. 

7. Andersson, M., Carlsson, L., Persson, M., & Bergman, B. (1996). Accuracy of 

machine milling and spark erosion with a CAD/CAM system. Journal of 
Prosthetic Dentistry, 76, 187–193. 

8. Giordano, R. (2006). Materials for chairside CAD/CAM-produced restorations. 

Journal of the American Dental Association, 137(Suppl.), 14S–21S. 
https://doi.org/10.14219/jada.archive.2006.0397 

9. Rekow, D. (Ed.). (2018). CAD/CAM systems: A paradigm shift in restorations 

design and production. In Digital dentistry: A comprehensive reference and 
preview of the future (pp. 63–84). Quintessence. 

10. O’Neill, N. (2018). Digital radiography. In D. Rekow (Ed.), Digital dentistry: A 

comprehensive reference and preview of the future (pp. 41–50). Quintessence. 
11. Dick, R. S., & Steen, E. B. (1991). The computer-based patient record: An 

essential technology for health care. The National Academies Press. 

https://doi.org/10.17226/18459 



 

 

57 

12. Blatz, M. B., & Conejo, J. (2019). The current state of chairside digital 

dentistry and materials. Dental Clinics of North America, 63, 175–197. 

https://doi.org/10.1016/j.cden.2018.11.002 

13. 3Shape. (2019). 3Shape trios intraoral scanners. Retrieved July 30, 2019, 
from https://www.3shape.com/en/scanners/trios 

14. Adin. (2019). ADIN VIZ intraoral scanner: A mouthful of advantages. Retrieved 

July 2019, from https://www.adi-implans.com/product/intra-oral-scanner/ 
15. Align Technology. (2019). ITero: More capabilities for your practice. Align 

Technology, Inc. Retrieved July 30, 2019, from http://itero.com/en-us 

16. G.C. Corporation. (2019). IOS from CG: Intra-oral scanning system. Retrieved 
July 2019, from https://www.gceurope.com/products/aadvaios/ 

17. Condor. (2019). Condor intraoral scanner. Retrieved July 30, 2019, from 

https://www.condorscan.com/scanner/product-overview 
18. Carestream. (2019). CS3600 for dental restorations. Retrieved July 2019, from 

https://www.carestreamdental.com/en-us/products/intraoral-scanners/cs-

3600-dental/ 

19. Fona Dental. (2017). New dental product: MyCrown CAD/CAM system from 
FONA Dental. In D. Dentalcompare (Ed.), DC Dentalcompare. Retrieved July 

2019, from https://www.dentalcompare.com/News/225801-Nw-Dental-

Product-MyCrown-CAD-CAM-Sysem-from-FONA-Dental 
20. 3M ESPE. (2019). 3M mobile true definition scanner. Retrieved July 2019, 

from https://www.3m.com/3M/en US/company-us/all-3m-products/∼/ 
21. Hsuan. (2019). CEREC Digest’s top ten intraoral scanners of 2019. Retrieved 

July 2019, from htps://www.cerecdigest.net/2019/06/03/our-top-ten-
intraoral-scanners-of-2019/ 

22. Hsuan. (2017). Review of intraoral scanners at IDS 2017. In Cerec Digest. 

Retrieved July 2019, from https://www.cerecdigest.net/2017/04/14/ids-

2017-intraoral-scanners-review-revised/ 
23. Sailer, I. (2018). Intraoral scanners: Enhancing dentistry’s image. In D. Rekow 

(Ed.), Digital dentistry: A comprehensive reference and preview of the future 

(pp. 19–40). Quintessence. 
24. Sirona D. (2019). CEREC omnicam. Dentsply Sirona. Retrieved July 2019, 

from https://www.dentsplysirona.com/en/explore/cerec/scan-with-

cerec.html 
25. Fona Dental. (2019). MyCrown. Retrieved July 2019, from 

https://www.fonadental.com/wp-

content/uploads/2017/05/FONA_Brochure_MyCrown_ENG_v1.pdf 
26. Planmeca. (2019). Planmeca Emerald: Intraoral scanner for brilliant results. 

Retrieved July 2019, from https://www.planmeca.co/cadcam/dental-

scanning/planmeca-emerald/ 

27. Dental Wings. (2019). Intraoral scanner user manual EN (v1.5). Retrieved July 
2019, from 

https://ifu.straumann.com/content/dam/internet/straumann_ifu/cares/Intr

aoral%20Scanner%20User%20Manual%20EN%20(v.1.5).pdf 
28. Kirschneck, C., Kamuf, B., Putsch, C., Chhatwani, S., Bizhang, M., & Danesh, 

G. (2018). Conformity, reliability and validity of digital dental models created 

by clinical intraoral scanning and extraoral plaster model digitization 
workflows. Computers in Biology and Medicine, 100, 114–122. 

https://doi.org/10.1016/j.compbiomed.2018.06.035 



         58 

29. Lee, K. M. (2018). Comparison of two intraoral scanners based on three-

dimensional surface analysis. Progress in Orthodontics, 19, 6. 
https://doi.org/10.1186/s40510-018-0205-5 

30. Mennito, A. S., Evans, Z. P., Nash, J., Bocklet, C., Lauer, K. A., Bacro, T., et 

al. (2019). Evaluation of the trueness and precision of complete arch digital 
impressions on a human maxilla using seven different intraoral digital 

impression systems and a laboratory scanner. Journal of Esthetic and 

Restorative Dentistry, 31(4), 369–377. https://doi.org/10.1111/jerd.12485 

31. Sason, G. K., Mistry, G., Tabassum, R., & Shetty, O. (2018). A comparative 
evaluation of intraoral and extraoral digital impressions: An in vivo study. 

Journal of the Indian Prosthodontic Society, 18, 108–116. 

https://doi.org/10.4103/jips.jips_224_17 
32. Kim, R. J., Park, J. M., & Shim, J. S. (2018). Accuracy of 9 intraoral scanners 

for complete-arch image acquisition: A qualitative and quantitative evaluation. 

Journal of Prosthetic Dentistry, 120, 895–903.e1. 
https://doi.org/10.1016/j.prosdent.2018.01.035 

33. Latham, J., Ludlow, M., Mennito, A., Kelly, A., Evans, Z., & Renne, W. (2019). 

Effect of scan pattern on complete-arch scans with 4 digital scanners. Journal 
of Prosthetic Dentistry. https://doi.org/10.1016/j.prosdent.2019.02.008 

34. Mennito, A. S., Evans, Z. P., Lauer, A. W., Patel, R. B., Ludlow, M. E., & 

Renne, W. G. (2018). Evaluation of the effect scan pattern has on the trueness 

and precision of six intraoral digital impression systems. Journal of Esthetic 
and Restorative Dentistry, 30, 113–118. https://doi.org/10.1111/jerd.12371 

35. Abdel-Azim, T., Rogers, K., Elathamna, E., Zandinejad, A., Metz, M., & 

Morton, D. (2015). Comparison of the marginal fit of lithium disilicate crowns 
fabricated with CAD/CAM technology by using conventional impressions and 

two intraoral digital scanners. Journal of Prosthetic Dentistry, 114, 554–559. 

https://doi.org/10.1016/j.prosdent.2015.04.001 
36. Ahrberg, D., Lauer, H. C., Ahrberg, M., & Weigl, P. (2016). Evaluation of fit 

and efficiency of CAD/CAM fabricated all-ceramic restorations based on direct 

and indirect digitalization: A double-blinded, randomized clinical trial. Clinical 
Oral Investigations, 20, 291–300. https://doi.org/10.1007/s00784-015-1504-

6 

37. Contrepois, M., Soenen, A., Bartala, M., & Laviole, O. (2013). Marginal 

adaptation of ceramic crowns: A systematic review. Journal of Prosthetic 
Dentistry, 110, 447–454.e10. 

https://doi.org/10.1017/j.prosdent.2013.08.003 

38. Pradies, G., Zarauz, C., Valverde, A., Ferreiroa, A., & Martinez-Rus, F. (2015). 
Clinical evaluation comparing the fit of all-ceramic crowns obtained from 

silicone and digital intraoral impressions based on wavefront sampling 

technology. Journal of Dentistry, 43, 201–208. 
https://doi.org/10.1016/j.dent.2014.12.007 

39. Rodiger, M., Heinitz, A., Burgers, R., & Rinke, S. (2017). Fitting accuracy of 

zirconia single crowns produced via digital and conventional impressions — A 
clinical comparative study. Clinical Oral Investigations, 21, 579–587. 

https://doi.org/10.1007/s00784-016-1924-y 

40. Shembesh, M., Ali, A., Finkelman, M., Weber, H. P., & Zandparsa, R. (2016). 
An in vitro comparison of the marginal adaptation accuracy of CAD/CAM 

restorations using different impression systems. Journal of Prosthodontics, 

26(7), 581–586. https://doi.org/10.1111/jopr.12446 



 

 

59 

41. Su, T. S., & Sun, J. (2016). Comparison of marginal and internal fit of 3-unit 

ceramic fixed dental prostheses made with either a conventional or digital 

impression. Journal of Prosthetic Dentistry, 116, 362–367. 

https://doi.org/10.1016/j.prosdent.2016.01.018 
42. Tamim, H., Skjerven, H., Ekfeldt, A., & Ronold, H. J. (2014). Clinical 

evaluation of CAD/CAM metal-ceramic posterior crowns fabricated from 

intraoral digital impressions. International Journal of Prosthodontics, 27, 
331–337. https://doi.org/10.11607/ijp.3607 

43. Tsirogiannis, P., Reissmann, D. R., & Heydecke, G. (2016). Evaluation of the 

marginal fit of single-unit, complete-coverage ceramic restorations fabricated 
after digital and conventional impressions: A systematic review and meta-

analysis. Journal of Prosthetic Dentistry, 116, 328–335.e2. 

https://doi.org/10.1016/j.prosdent.2016.01.028 
44. Juntavee, N., & Sirisathit, I. (2018). Internal accuracy of digitally fabricated 

cross-arch yttria-stabilized tetragonal zirconia polycrystalline prosthesis. 

Clinical Cosmetic and Investigational Dentistry, 10, 129–140. 

https://doi.org/10.2147/CCIDES.S168830 
45. Ng, J., Ruse, D., & Wyatt, C. (2014). A comparison of the marginal fit of 

crowns fabricated with digital and conventional methods. Journal of 

Prosthetic Dentistry, 112, 555–560. 
https://doi.org/10.1016/j.prosdent.2013.12.002 

46. Benic, G. I., Sailer, I., Zeltner, M., Gutermann, J. N., Ozcan, M., & 

Muhlemann, S. (2019). Randomized controlled clinical trial of digital and 
conventional workflows for the fabrication of zirconia-ceramic fixed partial 

dentures. Part III: Marginal and internal fit. Journal of Prosthetic Dentistry, 

121, 426–431. https://doi.org/10.1016/j.prosdent.2018.05.014 
47. Bohner, L., Gamba, D. D., Hanisch, M., Marcio, B. S., Tortamano Neto, P., 

Lagana, D. C., et al. (2019). Accuracy of digital technologies for the scanning 

of facial, skeletal, and intraoral tissues: A systematic review. Journal of 

Prosthetic Dentistry, 121, 246–251. 
https://doi.org/10.1016/j.prosdent.2018.01.015 

48. Compare, D. (2019). Dental laboratory CAD/CAM systems. Dental Compare. 

Retrieved from http://www.dentalcompare.com/Dental-Lab-Products/4694-
Dental-Laboratory-CAD-CAM-Systems 

49. DC Dentalcompare. (2019). Dental laboratory 3D scanning systems. Retrieved 

July 29, 2019, from https://www.dentalcompare.com/Dental-Digital-Imaging-
Dental-Imaging/4723-Laboratory-3D-Scanning-Systems/ 

50. Mandelli,F., Gherlone, E., Gastaldi, G., & Ferrari, M. (2017). Evaluation of the 

accuracy of extraoral laboratory scanners with a single-tooth abutment model: 
A 3D analysis. Journal of Prosthodontic Research, 61, 363–370. 

https://doi.org/10.1016/j.jpor.2016.09.002 

51. Peng, L., Chen, L., Harris, B. T., Bhandari, B., Morton, D., & Lin, W. S. (2018). 

Accuracy and reproducibility of virtual edentulous casts created by laboratory 
impression scan protocols. Journal of Prosthetic Dentistry, 120, 389–395. 

https://doi.org/10.1016/j.prosdent.2017.11.024 

52. Ueno, D., Kobayashi, M., Tanaka, K., Watanabe, T., Nakamura, T., Ueda, K., 
et al. (2018). Measurement accuracy of alveolar soft tissue contour using a 

laboratory laser scanner. Odontology, 106, 202–207. 

https://doi.org/10.1007/s10266-017-0315-4 



         60 

53. Institute of Digital Dentistry. (2019). CAD/CAM news from IDS 2019 in 

Cologne, Germany. Institute of Digital Dentistry. Retrieved from 
https://instituteofdigitaldentistry.com/news/cad-cam-news-from-ids-2019-

in-cologne-germany/ 

54. Charavet, C., Bernard, J. C., Gaillard, C., & Le Gall, M. (2019). Benefits of 
Digital Smile Design (DSD) in the conception of a complex orthodontic 

treatment plan: A case report-proof of concept. International Orthodontics, 

17(3), 573–579. https://doi.org/10.1016/j.ortho.2019.06.019 

55. Garcia, P. P., da Costa, R. G., Calgaro, M., Ritter, A. V., Correr, G. M., & da 
Cunha, L. F., et al. (2018). Digital smile design and mock-up technique for 

esthetic treatment planning with porcelain laminate veneers. Journal of 

Conservative Dentistry, 21, 455–458. https://doi.org/10.4103/JCD.JCD-172-
18 

56. Lin, W. S., Harris, B. T., Phasuk, K., Llop, D. R., & Morton, D. (2018). 

Integrating a facial scan, virtual smile design, and 3D virtual patient for 
treatment with CAD-CAM ceramic veneers: A clinical report. Journal of 

Prosthetic Dentistry, 119, 200–205. 

https://doi.org/10.1016/j.prosdent.2017.03.007 
57. Pozzi, A., Arcuri, L., & Moy, P. K. (2018). The smiling scan technique: Facially 

driven guided surgery and prosthetics. Journal of Prosthodontic Research, 62, 

514–517. https://doi.org/10.1016/j.jpor.2018.03.004 

58. Seay, A. (2018). Utilizing digital technology to facilitate dentofacial integration. 
Compendium of Continuing Education in Dentistry, 39, 696–704. 

59. McLaren, E. A., & Goldstein, R. E. (2018). The Photoshop smile design 

technique. Compendium of Continuing Education in Dentistry, 39, e17–e20. 
60. Omar, D., & Duarte, C. (2018). The application of parameters for 

comprehensive smile esthetics by digital smile design programs: A review of 

literature. Saudi Dental Journal, 30, 7–12. 
https://doi.org/10.1016/j.sdentj.2017.09.001 

61. Guichet, D. L. (2019). Digital workflows in the management of the esthetically 

discriminating patient. Dental Clinics of North America, 63, 331–344. 
https://doi.org/10.1016/j.cden.2018.11.011 

62. Lam, W. Y. H., Hsung, R. T. C., Cheng, L. Y. Y., & Pow, E. H. N. (2018). 

Mapping intraoral photographs on virtual teeth model. Journal of Dentistry, 

79, 107–110. https://doi.org/10.1016/j.jdent.2019.09.009 
63. Sampaio, C. S., Atria, P. J., Hirata, R., & Jorquera, G. (2019). Variability of 

color matching with different digital photography techniques and a gray 

reference card. Journal of Prosthetic Dentistry, 121, 333–339. 
https://doi.org/10.1016/j.prosdent.2018.03.009 

64. Kwon, J. H., Im, S., Chang, M., Kim, J. E., & Shim, J. S. (2019). A digital 

approach to dynamic jaw tracking using a target tracking system and a 
structured-light three-dimensional scanner. Journal of Prosthodontic 

Research, 63, 115–119. https://doi.org/10.1016/j.jpor.2018.05.001 

65. Lepidi, L., Chen, Z., Ravida, A., Lan, T., Wang, H. L., & Li, J. (2019). A full-
digital technique to mount a maxillary arch scan on a virtual articulator. 

Journal of Prosthodontics, 28, 335–338. https://doi.org/10.1111/jopr.13023 

66. Merklein, M., Junker, D., Schaub, A., & Neubaure, F. (2016). Hybrid additive 
manufacturing technologies—An analysis regarding potentials and 

applications. Physics Procedia, 83, 549–559. 



 

 

61 

67. Kessler, A., Hickel, R., & Reymus, M. (2019). 3D printing in dentistry—State of 

the art. Operative Dentistry. https://doi.org/10.2341/18.229-L 

68. Laverty, D. P., Thomas, M. B. M., Clark, P., & Addy, L. D. (2016). The use of 

3D metal printing (direct metal laser sintering) in removable prosthodontics. 
Dental Update, 43, 826–828, 831–832, 834–835. 

https://doi.org/10.12968/denu.2016.42.9.826 

69. Revilla-Leon, M., Klemm, I. M., Garcia-Arranz, J., & Ozcan, M. (2017). 3D 
metal printing—Additive manufacturing technologies for frameworks of 

implant-borne fixed dental prosthesis. European Journal of Prosthodontics 

and Restorative Dentistry, 25, 143–147. https://doi.org/10.1111/jor.12801 
70. Thompson, I., Walker, M., & Zeolla, J. (2018). 3D printing in dentistry. In D. 

Rekow (Ed.), Digital Dentistry: A Comprehensive Reference and Preview of the 

Future (pp. 215–226). Quintessence Publishing. 
71. Galante, R., Figueiredo-Pina, C. G., & Serro, A. P. (2019). Additive 

manufacturing of ceramics for dental applications: A review. Dental Materials, 

35(7), 825–846. https://doi.org/10.1016/j.dental.2019.02.026 

72. Revilla-Leon, M., Meyer, M. J., & Ozcan, M. (2019). Metal additive 
manufacturing technologies: Literature review of current status and 

prosthodontic applications. International Journal of Computerized Dentistry, 

22(1), 55–67. 
73. Invisalign. (2019). History of Invisalign. Retrieved August 2019, from 

https://www.johnsoneliteortho.com/the-history-of-invisalign/ 

74. Anonymous. (2017). IDS 2017 digital workflow solutions. Inside Dental 
Technology, 8, 5. 

75. Bae, E. J., Jeong, I. D., Kim, W. C., & Kim, J. H. (2017). A comparative study 

of additive and subtractive manufacturing for dental restorations. Journal of 
Prosthetic Dentistry, 118(2), 187–193. 

htts://doi.org/10.1016/j.prosdent.2016.11.004 

76. Eftekhar, A. R., Nasiri Khanlar, L., Mahshid, M., & Moshaverinia, A. (2018). 

Comparison of dimensional accuracy of conventionally and digitally 
manufactured intracoronal restorations. Journal of Prosthetic Dentistry, 

119(2), 233–238. https://doi.org/10.1016/j.prosdent.2017.02.014 

77. Neumeister, A., Schulz, L., & Glodecki, C. (2017). Investigations on the 
accuracy of 3D-printed drill guides for dental implantology. International 

Journal of Computerized Dentistry, 20(1), 35–51. 

78. Huettig, F., Kustermann, A., Kuscu, E., Geis-Gerstorfer, J., & Spintzyk, S. 
(2017). Polishability and wear resistance of splint material for oral appliances 

produced with conventional, subtractive, and additive manufacturing. Journal 

of the Mechanical Behavior of Biomedical Materials, 75, 175–179. 
https://doi.org/10.1016/j.jmbbm.2017.07.019 

79. Wang, W., Yu, H., Liu, Y., Jiang, X., & Gao, B. (2019). Trueness analysis of 

zirconia crowns fabricated with 3-dimensional printing. Journal of Prosthetic 

Dentistry, 121(2), 285–291. https://doi.org/10.1016/j.prosdent.2018.04.012 
80. Thakur, A., Chauhan, D., Viswambaran, M., Yadav, R. K., & Sharma, D. 

(2019). Rapid prototyping technology for cranioplasty: A case series. Journal 

of Indian Prosthodontic Society, 19(2), 184–189. 
https://doi.org/10.4103/jips.jips_295_18 

81. Almufleh, B., Emami, E., Alageel, O., de Melo, F., Seng, F., Caron, E., et al. 

(2017). Patient satisfaction with laser-sintered removable partial dentures: A 



         62 

crossover pilot clinical trial. Journal of Prosthetic Dentistry, 119(4), 560–

567.e1. https://doi.org/10.1016/j.prosdent.2017.04.021 
82. Kamio, T., Hayashi, K., Onda, T., Takaki, T., Shibahara, T., Yakushiji, T., et 

al. (2018). Utilizing a low-cost desktop 3D printer to develop a one-stop "3D 

printing lab" for oral and maxillofacial surgery and dentistry fields. 3D 
Printing in Medicine, 4(1), 6. https://doi.org/10.1186/s41205-018-0028-5 

83. Moser, N., Santander, P., & Quast, A. (2018). From 3D imaging to 3D printing 

in dentistry — A practical guide. International Journal of Computerized 

Dentistry, 21(4), 345–356. 
84. Tahayeri, A., Morgan, M., Fugolin, A. P., Bompolaki, D., Athirasala, A., Pfeifer, 

C. S., et al. (2018). 3D printed versus conventionally cured provisional crown 

and bridge dental materials. Dental Materials, 34(2), 192–200. 
https://doi.org/10.1016/j.dental.2017.10.003 

85. Russo, L. L., Zhurakivska, K., Speranza, D., Salamini, A., Ciavarella, D., 

Ciaramella, S., et al. (2018). A comparison among additive manufactured 
polymeric complete dental models resulting from intraoral scans: An in vivo 

study. International Review of Model and Simulation, 11(1), 1–12. 

https://doi.org/10.15855/iremos.v11i1.14186 
86. Rebong, R. E., Stewart, K. T., Utreja, A., & Ghoneima, A. A. (2018). Accuracy 

of three-dimensional dental resin models created by fused deposition 

modeling, stereolithography, and polyjet prototype technologies: A 

comparative study. Angle Orthodontist, 88(3), 363–369. 
https://doi.org/10.2319/071117-460.1 

87. Cammarata, M. J., Wake, N., Kantar, R. S., Maroutsis, M., Rifkin, W. J., & 

Hazen, A. (2019). Three-dimensional analysis of donor masks for facial 
transplantation. Plastic and Reconstructive Surgery, 143(5), 1290e–1297e. 

https://doi.org/10.1097/PRS.000000000000561 

88. Muhlemann, S., Benic, G. I., Fehmer, V., Hammerle, C. H. F., & Sailer, I. 
(2019). Randomized controlled clinical trial of digital and conventional 

workflows for the fabrication of zirconia-ceramic posterior fixed partial 

dentures. Part II: Time efficiency of CAD-CAM versus conventional laboratory 
procedures. Journal of Prosthetic Dentistry, 121(2), 252–257. 

https://doi.org/10.1016/j.prosdent.2018.04.020 

89. Sailer, I., Benic, G. I., Fehmer, V., Hammerle, C. H. F., & Muhlemann, S. 

(2017). Randomized controlled within-subject evaluation of digital and 
conventional workflows for the fabrication of lithium disilicate single crowns. 

Part II: CAD-CAM versus conventional laboratory procedures. Journal of 

Prosthetic Dentistry, 118(1), 43–48. 
https://doi.org/10.1016/j.prosdent.2016.09.031 

90. Mangano, C., Luongo, F., Migliario, M., Mortellaro, C., & Mangano, F. G. 

(2018). Combining intraoral scans, cone beam computed tomography, and 
face scans: The virtual patient. Journal of Craniofacial Surgery, 29(8), 2241–

2246. https://doi.org/10.1097/SCS.0000000000004485 

91. Morton, D., Phasuk, K., Polido, W. D., & Lin, W. S. (2019). Considerations for 
contemporary implant surgery. Dental Clinics of North America, 63(2), 309–

329. https://doi.org/10.1016/j.cden.2018.11.010 

92. Vandenberghe, B. (2018). The digital patient — Imaging science in dentistry. 
Journal of Dentistry, 74(Suppl 1), S21–S26. 

https://doi.org/10.1016/j.jdent.2018.04.019 



 

 

63 

93. Ho, C. T., Lin, H. H., & Lo, L. J. (2019). Intraoral scanning and setting up the 

digital final occlusion in three-dimensional planning of orthognathic surgery: 

Its comparison with the dental model approach. Plastic and Reconstructive 

Surgery, 143(4), 1027e–1036e. 
https://doi.org/10.1097/PRS.0000000000005556 

94. Zaragoza-Siqueiros, J., Medellin-Castillo, H. I., de la Garza-Camargo, H., Lim, 

T., & Ritchie, J. M. (2019). An integrated haptic-enabled virtual reality system 
for orthognathic surgery planning. Computational Methods in Biomechanics 

and Biomedical Engineering, 22(15), 1–19. 

https://doi.org/10.1080/10255842.2019.156817 
95. Farronato, G., Galbiati, G., Esposito, L., Mortellaro, C., Zanoni, F., & Maspero, 

C. (2018). Three-dimensional virtual treatment planning: Presurgical 

evaluation. Journal of Craniofacial Surgery, 29(6), e433–e437. 
https://doi.org/10.1097/SCS.0000000000004455 

96. Helal, H., Wang, Y., Qin, Z., Wang, P., Xiang, Z., & Li, J. (2018). Virtual 

surgical planning assisted management for three-dimensional 

dentomaxillofacial deformities. Journal of Craniofacial Surgery, 29(6), e732–
e736. https://doi.org/10.1097/SCS.0000000000004643 

97. MedGadget. (2017). Yomi, the first robotic dental surgery system now cleared 

by FDA. MedGadget. Retrieved July 2019, from 
https://www.medgadget.com/2017/03/yomi-first-robotic-dental-surgery-

system-now-cleared-fda.html 

98. Landaeta-Quinones, C. G., Hernandez, N., & Zarroug, N. K. (2018). Computer-
assisted surgery: Applications in dentistry and oral and maxillofacial surgery. 

Dental Clinics of North America, 62(3), 403–420. 

https://doi.org/10.1016/j.cden.2018.03.009 
99. Cai, Z., Lian, J., & Shan, X. (2018). Craniomaxillofacial surgery design. In E. 

D. Rekow (Ed.), Digital Dentistry: A Comprehensive Reference and Preview of 

the Future (pp. 165–183). Quintessence Publishing. 

100. Guo, C. (2018). The application of surgical navigation technology in head 
and neck surgery. In E. D. Rekow (Ed.), Digital Dentistry: A Comprehensive 

Reference and Preview of the Future (pp. 149–164). Quintessence Publishing. 

101. Bover-Ramos, F., Vina-Almunia, J., Cervera-Ballester, J., Penarrocha-
Diago, M., & Garcia-Mira, B. (2018). Accuracy of implant placement with 

computer-guided surgery: A systematic review and meta-analysis comparing 

cadaver, clinical, and in vitro studies. International Journal of Oral and 
Maxillofacial Implants, 33, 101–115. https://doi.org/10.11607/jomi.5556 

102. Jiang, W., Ma, L., Zhang, B., Fan, Y., Qu, X., Zhang, X., et al. (2018). 

Evaluation of the 3D augmented reality-guided intraoperative positioning of 
dental implants in edentulous mandibular models. International Journal of 

Oral and Maxillofacial Implants, 33, 1219–1228. 

https://doi.org/10.11607/jomi.6638 

103. Connert, T., Zehnder, M. S., Amato, M., Weiger, R., Kuhl, S., & Krastl, G. 
(2018). Microguided endodontics: A method to achieve minimally invasive 

access cavity preparation and root canal location in mandibular incisors using 

a novel computer-guided technique. International Endodontic Journal, 51, 
247–255. https://doi.org/10.1111/iej.12809 

104. Beumer, H. W., & Puscas, L. (2009). Computer modeling and navigation in 

maxillofacial surgery. Current Opinion in Otolaryngology & Head and Neck 
Surgery, 17, 270–273. https://doi.org/10.1097/MOO.0b013e32832cba7d 



         64 

105. Kubota, T., & Yoshimoto, G. (2018). Virtual and mixed reality in clinical 

application. In E. D. Rekow (Ed.), Digital Dentistry: A Comprehensive 
Reference and Preview of the Future (pp. 357–364). Quintessence Publishing. 

106. Vincent, J. (2019). Ford’s vision for package delivery is a robot that folds 

up into the back of a self-driving car. The Verge. Retrieved July 29, 2019, from 
https://www.theverge.com/2019/5/22/18635439/robot-package-delivery-

for-agility-robotics-automomous-digit 

107. Crane, L. (2018). Watch robots assemble a flat-pack idea chair in just 9 

minutes. The New Scientist. Retrieved July 2019, from 
https://www.newscientist.com/article/2166741-watch-robots-assemble-a-

flat-pack-idea-chair-in-just-9-minutes/ 

108. LEGO. (2019). FIRST LEGO League challenge & season info. FIRST (For 
Inspiration & Recognition of Science & Technology). Retrieved July 2019, from 

https://www.firstinspires.org/robotics/fll 

109. Schwitzer, G. (2018). New questions about the $3 billion/year robotic 
surgery business. Health News Review.org. Retrieved July 2019, from 

https://www.healthewsreview.org/2018/08/new-questions-about-the-3b-

year-robotic-surgery-business 
110. Crawford, M. (2016). Top 6 robotic applications in medicine. American 

Society of Mechanical Engineers. Retrieved July 2019, from 

https://www.asme.org/topics-resources/content/to-6-robotic-applicaions-in-

medicine 
111. JADA. (2001). Robotics in dentistry. Journal of the American Dental 

Association, 132, 1095. 

112. Otani, T., Raigrodski, A. J., Mancl, L., Kanuma, I., & Rosen, J. (2015). In 
vitro evaluation of accuracy and precision of automated robotic tooth 

preparation system for porcelain laminate veneers. Journal of Prosthetic 

Dentistry, 114, 229–235. 
113. Wang, L., Wang, D., Zhang, Y., Ma, L., Sun, Y., & Lv, P. (2014). An 

automatic robotic system for three-dimensional tooth crown preparation using 

a picosecond laser. Lasers in Surgery and Medicine, 46, 573–581. 
https://doi.org/10.1002/lsm.22274 

114. Yuan, F. S., Wang, Y., Zhang, Y. P., Wang, D. X., & Lyu, P. J. (2017). 

Study on the appropriate parameters of automatic full crown tooth 

preparation for dental tooth preparation robot. Zhonghua Kou Qiang Yi Xue 
Za Zhi, 52, 270–273. 

115. Butscheer, W., Reimeire, F., Rubbert, R., Weise, T., & Sachdeva, R. (2001). 

Robot and method for bending orthodontic archwires and other medical 
devices. US Patent No. 6,732,558. Retrieved July 29, 2019, from 

https://patentimages.storage.googleapis.com/f6/7c/68/84faceb589ae38/US

6732558.pdf 
116. Schueller, N. (2019). Dental Axess introduces BenderI, the world’s first 

portable wire bending machine. Dental Tribune. Retrieved July 23, 2019, from 

https://eu.dental-tribune.com/news/interview-dental-axess-introduces-
benderi-the-worlds-first-portable-wire-bending-machine/ 

117. Mott, K. (2017). Changing the future of dentistry with robotics. Dental 

Products Report. Retrieved July 2019, from 
http://www.dentalproductsreport.com/dental/article/changing-future-

implant-dentistry-robotics 



 

 

65 

118. Alfaro, I. V., & Tahmasebi, C. (2017). One appointment crowns and 

bridges. Oral Health. Retrieved July 2019, from 

https://www.oralhealthgroup.com/features/one-appointment-crowns-bridges 

119. Gu, B. K., Choi, D. J., Park, S. J., Kim, Y. J., & Kim, C. H. (2018). 3D 
bioprinting technologies for tissue engineering applications. Advances in 

Experimental Medicine and Biology, 1078, 15–28. 

https://doi.org/10.1007/978-981-13-0950-2_2 
120. Ma, Y., Xie, L., Yang, B., & Tian, W. (2019). Three-dimensional printing 

biotechnology for the regeneration of the tooth and tooth-supporting tissues. 

Biotechnology and Bioengineering, 116, 452–468. 
https://doi.org/10.1002/bit.26882 

121. Yu, N., Nguyen, T., Cho, Y. D., Kavanagh, N. M., Ghassib, I., & Giannobile, 

W. V. (2019). Personalized scaffolding technologies for alveolar bone 
regenerative medicine. Orthodontics & Craniofacial Research, 22(Suppl 1), 69–

75. https://doi.org/10.1111/ocr.12275 

122. VanKoevering, K. K., Zopf, D. A., & Hollister, S. J. (2019). Tissue 

engineering and 3-dimensional modeling for facial reconstruction. Facial 
Plastic Surgery Clinics of North America, 27, 151–161. 

https://doi.org/10.1016/j.fsc.2018.08.012 

123. Huang, W., Restrepo, D., Jung, J. Y., Su, F. Y., Liu, Z., Ritchie, R. O., et 
al. (2019). Multiscale toughening mechanisms in biological materials and 

bioinspired designs. Advanced Materials, 31, e1901561. 

https://doi.org/10.1002/adma.201901561 
124. Smay, J. (2018). Robotic casting (direct ink writing) of hydroxyapatite, 

beta-TCP, and bioglass for alloplastic bone grafts. In E. D. Rekow (Ed.), Digital 

Dentistry: A Comprehensive Reference and Preview of the Future (pp. 221–
233). Quintessence Publishing. 

125. Durban, M. M., Lenhardt, J. M., Wu, A. S., Small, W. T., Bryson, T. M., 

Perez-Perez, L., et al. (2018). Custom 3D printable silicones with tunable 

stiffness. Macromolecular Rapid Communications, 39. 
https://doi.org/10.1002/marc.201700563  

126. Rekow, E. D. (2020). Digital dentistry: The new state of the art—Is it 

disruptive or destructive?. Dental Materials, 36(1), 9-24.  
  

https://doi.org/10.1002/marc.201700563


         66 

 التقدم في طب الأسنان الرقمي: تأثير التقنيات المختلفة
 :الملخص

رت التقنيات الرقمية العديد من المجالات، وطب الأسنان ليس استثناءً. لقد  :الخلفية غيَّرت تكامل الأنظمة الرقمية المتقدمة في لقد ثوَّ

ممارسة طب الأسنان بشكل كبير سير العمل السريري ورعاية المرضى. تستعرض هذه المراجعة تأثير التقنيات الرقمية المختلفة 

 .على طب الأسنان، مع التركيز على التقدم والحالة الحالية للأنظمة الرقمية

 فحص التقدمات في طب الأسنان الرقمي، مع التركيز على التقنيات الرئيسية مثل أنظمة الهدف من هذه المراجعة هو :الهدف

CAD/CAMتقنيات التصوير، وبرامج إدارة الممارسات، وتأثيرها على الممارسة السريرية وعلوم المواد ،. 
لتاريخية والابتكارات تستعرض المراجعة المعلومات من مجموعة متنوعة من المصادر، بما في ذلك التطورات ا :الطرق

التكنولوجية الحالية في طب الأسنان الرقمي. تشمل المجالات الرئيسية التي يتم التركيز عليها الماسحات الضوئية داخل الفم 

 .، التصنيع الإضافي، وتحسين سير العملCAD/CAM والمختبرات، أنظمة
ة ترميمات وعلاجات الأسنان. توفر الماسحات الضوئية داخل الفم لقد حسَّنت الأنظمة الرقمية بشكل كبير من دقة وكفاء :النتائج

 CAD/CAM تصويرًا في الوقت الحقيقي ورؤى رقمية مفصلة، مما يعزز التواصل مع المرضى وراحتهم. توسعت أنظمة
اد جديدة وإمكانات لتشمل مجموعة واسعة من أجهزة الأسنان والترميمات. قدم التصنيع الإضافي، أو الطباعة ثلاثية الأبعاد، مو

تصميمية، مما ساهم في تطوير الأطراف الاصطناعية ونماذج الأسنان المعقدة. وقد أدت أنظمة البنية المفتوحة إلى تبسيط سير 

 .العمل، بينما حسَّنت التكنولوجيا الرقمية والعمليات الجراحية المدعومة بالحاسوب من الدقة في تخطيط وتنفيذ العلاج
كامل التقنيات الرقمية في طب الأسنان إلى تقدم كبير في الممارسة السريرية. توفر الأنظمة الرقمية الحديثة دقة أدى ت :الخلاصة

وكفاءة ورضا مرضى محسَّن، مع استمرار الابتكارات في تشكيل مستقبل رعاية الأسنان. يعد التطوير المستمر لهذه التقنيات بمزيد 

 .ية وعلوم المواد والتخطيط الشخصي للعلاجمن التحسينات في الإجراءات الترميم
، الماسحات الضوئية داخل الفم، التصنيع الإضافي، تحسين سير CAD/CAM طب الأسنان الرقمي، أنظمة :الكلمات المفتاحية

 العمل، الجراحة المدعومة بالحاسوب، المريض الرقمي
 

 


