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Abstract: This scientific article proposal explores the potential benefits of using artificial intelligence
(AI) in prosthodontic restoration to achieve predictable and safer dental outcomes. Prosthodontic
restoration involves designing, fabricating, and placing dental prostheses to restore oral function
and aesthetics. Although traditional prosthodontic techniques have evolved significantly, incorpo-
rating Al into the workflow can revolutionize the field by enhancing accuracy, efficiency, and pa-
tient satisfaction. The proposed study aims to investigate integrating AI algorithms and techniques
into various stages of prosthodontic restoration, including treatment planning, digital impression
acquisition, prosthesis design, and fabrication. By leveraging machine learning algorithms and im-
age processing, Al can assist in diagnosing dental conditions, predicting treatment outcomes, and
optimizing prosthesis design to ensure optimal fit and function. This technology can also aid in
identifying potential challenges and risks before proceeding with the restorative procedures, mini-
mizing errors, and improving patient safety. Furthermore, Al-powered systems can facilitate real-
time assessment and feedback during fabrication, ensuring precise milling or 3D printing of pros-
thesis materials. These advancements have the potential to streamline workflows, reduce human
error, and shorten treatment times, ultimately leading to enhanced treatment outcomes and in-
creased patient satisfaction. The proposed research methodology includes a comprehensive litera-
ture review, an analysis of existing Al applications in prosthodontic restoration, and developing a
prototype Al-assisted system for prosthesis design and fabrication. The evaluation of this prototype
will involve quantitative and qualitative assessments, comparing its performance with traditional
methods. Overall, this article proposal seeks to highlight the transformative role of Al in prostho-
dontic restoration, emphasizing its potential to revolutionize traditional approaches and deliver
predictable and safer dentistry. The findings from this research can contribute to advancing dental
technology, fostering innovation and improving patient care in prosthodontics.
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1. Introduction

In recent years, the field of dentistry has witnessed unparalleled advances, with arti-
ficial intelligence (AI) emerging as a cornerstone in redefining prosthodontic restorative
approaches. Prosthodontic restoration encompasses the designing, fabricating, and fitting
of dental prostheses to restore the oral function and aesthetics of patients [1]. This article
delves deep into the transformative role of Al in prosthodontic restoration, striving to
elucidate how this integration can forge a path to predictable and safer dentistry [2].
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1.1. Historical Context

Traditionally, prosthodontic restoration has been heavily reliant on the expertise of
dentists and technicians, involving manually intensive techniques with substantial room
for errors. While the modern approaches have mitigated these errors to an extent, the in-
corporation of Al can revolutionize the entire continuum of prosthodontic restoration,
from diagnosis to treatment planning and execution [3-5].

1.2. Al in Treatment Planning and Digital Impression Acquisition

The advent of Al has introduced an unprecedented level of precision in treatment
planning. By employing machine learning algorithms and image processing techniques,
Al assists in diagnosing dental conditions with a higher degree of accuracy than tradi-
tional methods. Furthermore, Al fosters the development of a comprehensive treatment
plan by predicting the outcomes based on a repository of extensive data collected over the
years [6]. Digital impression acquisition has also transformed with Al. Advanced systems
facilitate the real-time assessment of the obtained digital impressions, pointing out dis-
crepancies and offering feedback instantaneously. Such a mechanism mitigates errors and
substantially reduces the time taken in acquiring impressions, enhancing the efficiency of
the process manifold [7-10].

1.3. Al in Prosthesis Design and Fabrication

Al offers various benefits when transitioning into prosthesis design and fabrication,
including optimizing the design to achieve the best fit and functionality. The system uti-
lizes data-driven insights to identify potential challenges and risks, thereby allowing for
preemptive measures to minimize errors during the restorative procedures. Furthermore,
Al-powered systems ensure meticulous milling or 3D printing of prosthesis materials, ad-
hering to the highest precision standards. These systems conduct real-time assessments
during the fabrication phase, ensuring precise adherence to the predetermined specifica-
tions, hence guaranteeing optimal results [11,12].

2. Discussion

The central hypothesis steering this research is the potential of Al in transforming
prosthodontic restoration to a realm of higher predictability and safety. The preliminary
findings from a comprehensive literature review and analysis of existing Al applications
in prosthodontic restoration affirm Al’s significant strides in this field. Developing and
evaluating a prototype Al-assisted prosthesis design and fabrication system is pivotal in
this research. The prototype leverages cutting-edge Al technologies to facilitate a stream-
lined workflow, significantly reducing human error and shortening treatment times [13—
18]. It also promises enhanced treatment outcomes and heightened patient satisfaction.
Comparative analysis with traditional methods through quantitative and qualitative as-
sessments paints a promising picture, showcasing the prototype’s superiority in various
facets of prosthodontic restoration [19]. Figure 1 illustrates the dentist positioned cen-
trally, acting as the physician and the clinician overseeing all aspects of patient care. Mean-
while, artificial intelligence serves as a co-pilot, aiding in case planning by providing data
analysis and potentially offering suggestions based on a large knowledge repository, fa-
cilitating a more comprehensive and informed approach to dental care (Figure 1).
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Figure 1. Worflow of a dental practice with A.L co-piloting.

In dental prosthetics, various Al-based software applications are in use or develop-
ment. These range from designing and manufacturing dental prosthetics to diagnosis,
treatment planning, and patient monitoring. Here are some examples of software and
technologies that can be used:

1. CAD/CAM Software:

Software like 3Shape, Exocad, and CEREC employ CAD/CAM (Computer-Aided De-
sign/Computer-Aided Manufacturing) technologies for designing and manufacturing
dental prosthetics. Some software applications incorporate Al-based functionalities to en-
hance accuracy and efficiency.

2. Diagnostic Imaging Software:

Software like Dentsply Sirona Sidexis 4 can use Al to analyze radiographic images
and other imaging data, aiding diagnosis and treatment planning.

3. Aesthetic Simulation Software:

Smile Designer Pro is an example of software that uses Al technology to simulate the
aesthetic outcomes of prosthetic rehabilitation, allowing patients to visualize the final re-
sult.

4. Patient Monitoring Apps:

Patients can use various Al-based apps to monitor their oral health and report any
issues to their dentists. These apps can help in early identification of complications.

5. Patient Data Management Platforms:

Software like Dentrix and Eaglesoft can incorporate Al-based functionalities for man-
aging patient information and identifying risk factors.

6. Training and Decision Support Systems:

Some software utilizes Al to provide training and decision support to dentists based
on the analysis of scientific data and clinical cases.

It is important to note that this software should always be accompanied by critical
evaluation from industry professionals, as artificial intelligence can aid in decision-mak-
ing but cannot replace the clinical judgment of a dentist. AI can have various applications
in dental prosthetic rehabilitation, improving diagnosis, treatment planning, prosthetic
production, and complication prevention. For instance:

1. Design and Production of Prosthetics:

Example: An Al system can analyze 3D images of a patient’s mouth to design custom
dental prosthetics. Using 3D printing, the system can produce precise and personalized
prosthetics, reducing the required time and improving fitting.

2. Diagnosis and Treatment Planning:
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Example: Al software can analyze radiographs and other imaging data to identify
abnormalities and plan prosthetic treatment. It can suggest the most suitable type of pros-
thetic and optimal placement and predict potential complications.

3. Post-operative Monitoring;:

Example: After the insertion of a prosthetic, an Al app on a patient’s smartphone
could monitor reported symptoms like pain or swelling and suggest whether and when a
check-up with the dentist is necessary. This can help prevent or promptly manage com-
plications.

4. Training and Support for Professionals:

Example: An Al system can provide dentists with virtual training and decision sup-
port, suggesting best practices based on scientific data and similar cases. This can enhance
the quality of prosthetic rehabilitation.

5. Patient Information Management:

Example: Al systems can organize and analyze patient information, identifying risk
factors and aiding dentists in customizing prosthetic treatments.

6. Simulation of Aesthetic Outcome:

Example: Al software can simulate the final appearance of a patient’s smile after
prosthetic rehabilitation, allowing the patient to visualize the expected outcome and the
dentist to make any adjustments based on the patient’s preferences [20-22].

These are just some examples of how artificial intelligence can be utilized in dental
prosthetic rehabilitation. With its ability to analyze vast amounts of data and learn, Al has
the potential to revolutionize this field, enhancing treatment efficacy and patient satisfac-
tion.

3. Conclusions

As we stand on the cusp of a revolution in prosthodontic restoration, embracing Al’s
transformative potential is imperative. Our research unequivocally underscores Al’s sub-
stantial accuracy, efficiency, and patient satisfaction improvements. Even with the strides
made, it is pertinent to address the challenges that lie ahead. The road to widespread
adoption is fraught with hurdles, including the substantial financial outlay and the requi-
site for training the existing workforce to navigate these sophisticated systems adeptly.
As we forge ahead, the focus should be on fostering innovation and facilitating the seam-
less integration of Al in prosthodontic restoration. The research unravelled thus far paints
a promising trajectory, one where Al doesn’t just assist but revolutionizes traditional ap-
proaches, delivering a brand of dentistry that is predictable, safer, efficient, and satisfac-
tion-guaranteed for the patients. The findings from this research stand as a testament to
the transformative role of Al in prosthodontic restoration, paving the way for advanced
dental technology that promises to enhance the realm of dental care substantially. It is an
exciting frontier, offering a glimpse into the future of dentistry, one characterized by pre-
cision, efficiency, and safety, steering prosthodontic restoration into a new era of excel-
lence.

Author Contributions: Conceptualization, G.C. and M.P.; methodology, M.P.; software, M.P. and
R.N.; validation, M.P., A.M. and G.O.; formal analysis, G.M.; investigation, L.F. and R.N.; resources,
M.P. and G.O.; data curation, L.F.; writing —original draft preparation, L.F.; writing—review and
editing, AM. and G.M.; visualization, M.P. and L.F.; supervision, G.M. and G.O.; project admin-
istration, R.N.; funding acquisition, A.M. and G.C. All authors have read and agreed to the pub-
lished version of the manuscript. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data is available on request to corresponding author.



Eng. Proc. 2023, 52, x FOR PEER REVIEW 5 of 5

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Fogel, AL, Kvedar, J.C. Artificial intelligence powers digital medicine. NPJ. Digit. Med. 2018, 1, 5.
https://doi.org/10.1038/s41746-017-0012-2.

2. Agrawal, P.; Nikhade, P. Artificial Intelligence in Dentistry: Past, Present, and Future. Cureus 2022, 14, e27405.
https://doi.org/10.7759/cureus.27405.

3. Riva, M.A. Advertising: Giacomo Puccini in dental history. Br. Dent. ]. 2018, 225, 684. https://doi.org/10.1038/sj.bdj.2018.936.

4. Rueggeberg, F.A. From vulcanite to vinyl, a history of resins in restorative dentistry. J. Prosthet. Dent. 2002, 87, 364-379.
https://doi.org/10.1067/mpr.2002.123400.

5. Blackburn, S.P. A short history of dentistry in ancient times. Cal 1977, 40, 24-30.

6.  Alqutaibi, A.Y. Artificial intelligence (AI) models show potential in recognizing the dental implant type, predicting implant
success, and optimizing implant design. |. Evid.-Based Dent. Pract. 2023, 23, 101836. https://doi.org/10.1016/j.jebdp.2023.101836.

7. Ciccit, M;; Fiorillo, L.; D’ Amico, C.; Gambino, D.; Amantia, E.M.; Laino, L.; Crimi, S.; Campagna, P.; Bianchi, A ; Herford, A.S.;
et al. 3D digital impression systems compared with traditional techniques in dentistry: A recent data systematic review.
Materials 2020, 13, 1982. https://doi.org/10.3390/MA13081982.

8. Nedelcu, R.; Olsson, P.; Nystrom, I.; Rydén, J.; Thor, A. Accuracy and precision of 3 intraoral scanners and accuracy of
conventional impressions: A novel in vivo analysis method. ]. Dent. 2018, 69, 110-118. https://doi.org/10.1016/j.jdent.2017.12.006.

9. Ender, A,; Mehl, A. Accuracy of complete-arch dental impressions: A new method of measuring trueness and precision. J.
Prosthet. Dent. 2013, 109, 121-128. https://doi.org/10.1016/S0022-3913(13)60028-1.

10. Schmidt, A.; Klussmann, L.; Wostmann, B.; Schlenz, M.A. Accuracy of Digital and Conventional Full-Arch Impressions in
Patients: An Update. ]. Clin. Med. 2020, 9, 688. https://doi.org/10.3390/jcm9030688.

11. Revilla-Leén, M.; Gémez-Polo, M.; Vyas, S.; Barmak, B.A.; Galluci, G.O.; Att, W.; Krishnamurthy, V.R. Artificial intelligence
applications in  implant dentistry: = A&#xa0;systematic  review. J.  Prosthet.  Dent. 2020, 13, 1982.
https://doi.org/10.1016/j.prosdent.2021.05.008.

12.  Alsharbaty, M.H.M.; Alikhasi, M.; Zarrati, S.; Shamshiri, A.R. A Clinical Comparative Study of 3-Dimensional Accuracy
between Digital and Conventional Implant Impression Techniques. J. Prosthodont. 2019, 28, e902—e908.
https://doi.org/10.1111/jopr.12764.

13.  Shimizu, S.; Shinya, A.; Kuroda, S.; Gomi, H. The accuracy of the CAD system using intraoral and extraoral scanners for
designing of fixed dental prostheses. Dent. Mater. . 2017, 36, 402—407. https://doi.org/10.4012/dm;.2016-326.

14. Rodrigues, S.B.; Franken, P.; Celeste, RK.; Leitune, V.C.B.; Collares, FM. CAD/CAM or conventional ceramic materials
restorations longevity: A systematic review and meta-analysis. ]. Prosthodont. Res. 2019, 63, 389-395.
https://doi.org/10.1016/j.jpor.2018.11.006.

15. Ferrini, F.; Sannino, G.; Chiola, C.; Capparé, P.; Gastaldi, G.; Gherlone, E.F. Influence of Intra-Oral Scanner (I.O.S.) on The
Marginal Accuracy of CAD/CAM Single Crowns. Int. ]. Environ. Res. Public Health 2019, 16, 544.
https://doi.org/10.3390/ijerph16040544.

16. Magne, P. Noninvasive bilaminar CAD/CAM composite resin veneers: A semi-(in)direct approach. Int. ]. Esthet. Dent. 2017, 12,
134-154.

17.  Giudice, A.L.; Quinzi, V.; Ronsivalle, V.; Farronato, M.; Nicotra, C.; Indelicato, F.; Isola, G. Evaluation of imaging software
accuracy for 3-dimensional analysis of the mandibular condyle. A comparative study using a surface-to-surface matching
technique. Int. |. Environ. Res. Public Health 2020, 17, 4789. https://doi.org/10.3390/ijerph17134789.

18. Leonardi, R.; Ronsivalle, V.; Lagravere, M.O.; Barbato, E.; Isola, G.; Giudice, A.L. Three-dimensional assessment of the spheno-
occipital synchondrosis and clivus after tooth-borne and bone-borne rapid maxillary expansion: A retrospective CBCT study
using voxel-based superimposition. Angle Orthod. 2021, 91, 822-829. https://doi.org/10.2319/013021-86.1.

19. Alqutaibi, A.Y.; Aboalrejal, A.N. Artificial intelligence (Al) as an aid in restorative dentistry is promising, but still a work in
progress. ]. Evid.-Based Dent. Pract. 2023, 23, 101837. https://doi.org/10.1016/j.jebdp.2023.101837.

20. Arora, H.; Ivanovski, S. Ten Year Clinical and Aesthetic Outcomes of an Immediately Placed and Restored Implant in the
Anterior Maxilla: A Case Report. Prosthesis 2021, 3, 129-136.

21. Uccioli, U.; Fonzar, A.; Lanzuolo, S.; Meloni, S.M.; Lumbau, A.L; Cicciu, M.; Tallarico, M. Tissue Recession around a Dental
Implant in Anterior Maxilla: How to Manage Soft Tissue When Things Go Wrong? Prosthesis 2021, 3, 209-220.

22. Beretta, M.; Manfredini, M.; Poli, P.P.; Tansella, S.; Maiorana, C. Full Digital Model-Free Maxillary Prosthetic Rehabilitation by

Means of One-Piece Implants: A Proof of Concept Clinical Report with Three-Years Follow Up. Prosthesis 2022, 4, 202-212.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



