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Abstract: Continuously evolving technologies make dentistry one of the most advanced sectors in
the field of medicine. The digital improvements in recent years have brought many advantages
to clinicians and patients, including reduced working times, lower costs and increased efficiency
of performance. Some of the most important digital technologies introduced in the dental filed
are cone beam computer tomography (CBCT) scan, Computer Aided Design/Computer Aided
Manufacturing (CAD-CAM) systems, and intraoral scanners. All of these allow faster and more
accurate rehabilitations, with the opportunity of pre-simulation of the final treatment. The evolution
of computer science has brought significant advantages in the medical and dental fields, making the
diagnosis and execution of even complex treatments, such as implantology and bone reconstruction,
possible. The digital world is trying to supplant the traditional analog workflow, and over time,
with the further advance of technologies, it should tend to be the treatment of choice of our patients.
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Digital Health, is an innovative approach to medicine. The broad scope of digital health includes
the computerization of healthcare processes, digitization of medical documents, computerization of
medical records, creation of electronic files, and electronic prescriptions [1,2]. Examples of digital
health products include software as a medical device (SaMD), mobile medical applications (MMA),
software in a medical device (SiMD), and general wellness products. All of these technologies may
support clinicians and patients in data collection and lifesaving applications, but also diagnosis and
treatment plan understanding and execution.

The digitalization of medical records allows the clinician to share and update the patients’
informations in real time, and archive the documents more easily, with full respect for the general data
protection and privacy requirements, also using cloud technologies. Instead, analog medical records
are usually stored in "physical" environments such as archives or warehouses, which everyone can
access. Digital documents contain sensitive data, hence it is of importance that the digitized medical
records can be examined only by operators, based on an approved workflow, which was previously
established. There may be many attempts to hack digital information (data breach), so it is necessary
to protect them with certified procedures, starting from the software houses and ranging to the person
authorized to treat them.

An example of lifesaving technological solution is geolocation, which can be used to quickly
locate an emergency situation that requires the intervention of rescuers. Some emergency interventions
would not be possible without the availability of satellite tracking systems and the app map-based
running on smartphones [3,4]. Other eHealth technologies that could be useful to everyone and prove
to be life-saving are the capabilities of emergency care using the application of smartphones, such as
the SOS Emergency®(Apple iOS®) and the ELS®(Android®) [5].

The digitization of the medical profession, in all sectors, advances inexorably and offers advantages
that combine analog workflows with new technologies. Digital technologies can support clinicians

Materials 2020, 13, 2172; doi:10.3390/ma13092172 www.mdpi.com/journal/materials

http://www.mdpi.com/journal/materials
http://www.mdpi.com
https://orcid.org/0000-0001-9206-0454
http://www.mdpi.com/1996-1944/13/9/2172?type=check_update&version=1
http://dx.doi.org/10.3390/ma13092172
http://www.mdpi.com/journal/materials


Materials 2020, 13, 2172 2 of 5

to make accurate diagnostic-based decisions, as well as supporting patients to make better-informed
consent about their own treatment. Moreover, new options for facilitating the prevention or early
diagnosis of life-threatening diseases, and management of chronic conditions outside of traditional
care settings, can be provided using an innovative digital health approach. In the dental field,
there are several specialities that have undergone evident changes in all the steps of the protocols
and materials, including but not limiting to orthodontics, implantology, prostheses, and all the
dental laboratory procedures. This allows for accurate prosthetically/functional-driven planning,
proper aesthetic/functional pre-evaluation of the proposed therapy, computer-assisted execution
of the treatment, as well as continuous follow-up of the patients. The main revolution was the
Computer-Aided Design/Computer-Aided Manufacturing (CAD-CAM) technology, initially proposed
to increase the performance of the restorations, reduce the costs and the fabrication times, and improve
patient satisfaction/aesthetics. The CAD-CAM technologies make both the project and the execution
faster, consisting of a three-dimensional design (planning/project) of the virtual treatment through
the use of a computer, that than results in computer-assisted production of the same by the use of
milling or printing machines. This technology offers several advantages, such as the accuracy of
a computer-based planning/project, the rapidity of digital impression, the quality of digital-made
products and its reproducibility at any time. Another very important advantage is a three-dimensional
pre-visualization (simulation) that allows the final object/execution to be shown on the screen, so that
the clinician can evaluate it from every viewpoint, increasing diagnostic capabilities and the accuracy of
the treatments. All of this also allows for rapid communication between clinicians, other collaborators,
and patients [6,7].

Some of the last considerable innovations in digital medicine are the digital impressions, optically
detected by intraoral scanners (IOS), the introduction of the Cone-Beam Computerized Tomography
(CBCT) scan, and the combination of both, thanks to which diagnosis and planning are faster, predictable
and safe. There are various types of IOS and CBCT on the market that depend on the acquisition
technology, the possibility of processing the files and the type of file generated.

Intraoral scanners use structured light scanning, which consists of projecting a grid onto the
surface of the tooth, where a series of high-resolution cameras reads its distortion. The detected
distortion is processed by a microprocessor which transforms this data into a dimensionally perfect
object, visible directly in the acquisition software. The intraoral scanner is the perfect completion for
all CAD-CAM productions; the main benefit is the possibility of immediately checking the level of
accuracy of the impression with the patient still in the chair. Another great advantage is the possibility
of analyzing the occlusal relationships between arches, so as to define whether the occlusal distance is
suitable for the creation of CAD-CAM restorations with specific materials. Last but not least is the
possibility to send impressions by email, avoiding a waste of time for delivery.

Some of the major applications in the dental field are:

1) Night guards;
2) Dental aligners;
3) Fixed dental prosthesis;
4) Guide for dental surgery.

Its increasing use is also linked to implantology, in which scan bodies are used instead of
conventional transfers. Implants are then repositioned in this precise position due to CAD software
that matches the specific geometric shape of the scan body, with its dedicate library, allowing the
design of individual abutments, frameworks and crowns. It has been demonstrate that the system
is precise and accurate, since it does not suffer from distortions due to the traditional impression of
the transfers. Moreover, the greater precision in the digital impression techniques has allowed its
use, in combination with Digital Imaging and COmmunications in Medicine (DICOM) data derived
from CBCT, for even more accurate diagnosis and virtual implant planning, including the production
of surgical guides [8,9]. For the latter, through dedicated software, the clinician can match common
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reference points in the STereo Lithography interface format (.Stl) files derived from intraoral acquisition
and the DICOM files from CBCT scan. Finally, virtual implant planning can be done according to
a prosthetic setup-up, and surgical template can be produced using a 3D printer [10].

In orthodontics, the introduction of intraoral and facial scanners, 3D printing machines,
and, before that, digital radiology, including a CBTC scan, have improved both the diagnosis
and execution of the orthodontic treatment. Digital studio models offer a viable alternative to
traditional plaster models. Their advantages in orthodontic diagnosis and treatment planning include
the easier and quicker transfer of electronic data, immediate consultation, and reduced space for
storage [11]. Digital impressions/models could be analyzed by means of dedicate orthodontic analysis
software able to analyze teeth, arc shape, the amount of crowding or spacing, type of malocclusion,
etc. Basic and advanced measurements, including but not limited to overjet, overbite, tooth size,
arch length, transverse distances and Bolton discrepancy, could be measured. All of this allows to
simulate and pre-visualize the result of the orthodontic treatment. Moreover, the digital model can be
finally printed with prototyping technology for diagnosis or treatment purposes. The most common
application of 3D printers in orthodontics is the manufacture of aligners. Other applications are the
fabrication of guides for the indirect bandaging of brackets, the production of retainers and appliances
for night apneas [12–15].

Aesthetics is another application that benefits from intraoral scanners and digital workflow,
consisting of smile design and simulation, prototype mock-ups, and veneer manufacturing.
This is possible by the acquisition of digital impressions, a series of photos of the face and the
patient’s smile, and through a smile design software that allows to shape the entire appearance of the
smile area. In this way, clinicians have the opportunity to discuss with the patient and to decide with
him/her the aesthetics of the restoration before the treatment starts [16–18]. This point is crucial to
understanding patient’s expectations.

Even complete or partial prostheses, on both natural teeth and implants, could be made through
a fully digital workflow, that allows clinicians and dental technicians to fabricate the restoration in all
of its aspects, potentially reducing production times, and therefore the overall waiting times for both
clinicians and patients, and, not least, the costs [19–22].

Every treatment starts with the acquisition of the dental impressions which can be quickly detected
using an intraoral scanner (or digitalizing conventional plaster models using extraoral scanners).
The digital models are processed with dedicated CAD software. Through this digital workflow, there is
no need to physically deliver the impressions to the dental technicians, and this also allows the process
to be safer from a biological point of view [23–25]. Dental technicians can then work in a fully digital
way, or the digital models could be sent for printing. Once the resin model has been printed with
a dedicated 3D printer machine, it is necessary to complete the hardening of the material through
a post-curing process that takes place by exposing the 3D-printed object to a UV-light-curing unit for
a time that varies depending on the size of the object [26–29].

Even if working in a fully digital work-flow, simple and complex treatments could be performed.
As in the clinic, patient’s aesthetic and virtual jaw’s movements can be simulated before the treatment,
allowing both clinicians and dental technicians to better evaluate the proposed treatment plan, and to
evaluate in advance the overall cost and time required for the treatment [30–35].

In conclusion, it is true that these technologies will need to be further improved, and strong
scientific evidence presented, before replacing the analog procedures. There are different aspects that
need to be evaluated, therefore, both by the clinicians and patients, and in this way they could decide
how to face the necessary treatments and feel more relaxed.
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