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INTRODUCTION 

Machines capable of executing tasks that usually require 

human intelligence are regarded as having artificial 

intelligence (AI). Robotics, automobiles, financial 

analysis, and many other sectors have embraced AI. It 

has also been applied to medicine and dentistry, 

including drug development, hospital monitoring, 

decision assistance, imaging diagnostics, robotic and 

virtual assistants, and heart disease prediction.
[1]

 AI can 

perform tasks more accurately and precisely than humans 

with appropriate training.
[2] 

This review briefly explains 

the history and classification of AI, emphasizing the 

recent developments of AI in restorative dentistry, 

patient and doctor perspectives of AI. The Ethical 

considerations and drawbacks of AI are also analyzed. 

 

SEARCH STRATEGY 

A search of PubMed indexed database over the last 10 

years (custom range: 04-2014 to 04-2024) was conducted 

using keywords/phrases like ―artificial intelligence‖ and 

―restorative dentistry‖. The same search terms were used 

to search the Google Scholar database. The last search 

was performed on May 1, 2024. A manual search was 

also conducted and relevant articles were included. A 

collection of articles all in the English language 

conducted in the previous ten years was shortlisted. 

Additionally, citation lists of some chosen papers were 

examined for potential inclusion. All of the chosen 

papers' titles and abstracts were examined, and after 

confirmation, the articles' texts were examined for 

possible inclusion. The articles considered suitable for 

inclusion were examined and discussed in various 

sections and subsections of this narrative review. More 

emphasis was laid on the applications of AI in restorative 

dentistry. 

 

HISTORY 

AI was interpreted by Turing as "machine thinking" in 

his paper.
[3] 

He recommended testing if a machine can 

become as intelligent as a human. We call this the Turing 

test. A machine is considered to possess "machine 

intelligence" and passed the Turing Test if a human 

assessor is unable to discern between a machine and the 

human examinee. AI expanded rapidly between 1957 

and 1974. One example is ELIZA, an operating 

system that comprehends spoken language and manages 

issues through text.
[4]

 It evolved in two ways in the 

1980s: expert systems and machine learning (ML). A 

deep learning (DL) network with graphics processing 

unit (GPU) implementation was created in 2012.
[5]

 

Lately, ChatGPT (Chat Generative Pre-trained 

Transformer), an AI engine that produces text results that 
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resemble those of a human being was introduced.
[6]

 

 

AI IN HEALTHCARE AND DENTISTRY 

AI has already been applied to several medical 

specialties, including robotic surgery and cognitive 

behavior therapy in psychiatry.
[7,8] 

Surgeons only must 

reorient their eyes to move the camera.
[9] 

The smartphone 

app AiCure helps patients manage their medications.
[10] 

Apple and Fitbit can track sleep, activity, and heart 

rate.
[8] 

AI is said to diagnose and treat patients accurately, 

which benefits patients as well as doctors.
[11]

 ANN 

models were used for decision-making in orthodontic 

patients for extraction as well as for diagnosis, treatment 

planning, and implementation in restorative dentistry. 

This was based on the assumption that taking into 

consideration all the characteristics and specifics of a 

case may occasionally be difficult for dentists to analyze 

and treat due to its complexities and intricacies.
[12–20]

 

 

CLASSIFICATION 

There are two types of AI: weak AI and strong AI. Weak 

AI employs a program designed to manage a single or 

narrow set of activities; examples include Amazon chat 

robot, Google translation, and computer vision (such as 

Tesla Autopilot and face recognition).
[21] 

Strong AI is 

defined as AI with capabilities and intelligence at the 

same level as humans.
[22] 

Since there are ethical concerns 

and potential risks associated with strong AI research, no 

strong AI applications have been developed to date. 

Expert systems and machine learning are two distinct 

subsets of weak AI. Machine Learning includes deep 

learning as a subset. An artificial "neural network" 

having at least three nodal layers—input, multiple 

"hidden," and output layers—is referred to be "deep." 

Artificial neural networks (ANNs), convolution neural 

networks (CNNs), and generative adversarial networks 

(GANs) are the three main forms of neural networks 

(NNs). An ANN is a fundamental version of deep 

learning that consists of an array of neurons.
[23] 

CNN, 

another deep learning model, is utilized for the creation 

and identification of images.
[24]

 Goodfellow et al
[25]

 

developed a deep learning algorithm known as GAN to 

produce new data that is comparable to input data.
[23]

 

 

APPLICATIONS OF AI IN RESTORATIVE 

DENTISTRY 

1. Detection of carious lesions 

AI can help with caries detection on bitewings and 

improve caries diagnosis.
[26-28]

 This could be cost-

effective, due to its increased sensitivity in the diagnosis 

and arrest of initial caries lesions.
[29,30] 

A recent study 

published in Feb. 2024 by Das et al.
[31]

 showed that AI-

based software was 89% accurate when detecting dental 

caries from intraoral radiographs while human 

interpretation was 86% accurate. Based on a systematic 

review the accuracy of AI models in predicting caries 

ranges from 83.6% to 97.1% across various studies.
[32] 

Tooth Surface Loss can be fairly accurately predicted 

using ANN.
[33] 

 

2. Tooth preparation margins 

According to a recent study published in January 2024, 

AI design enhances productivity, accuracy, execution 

time, and marginal adaptation when compared to 

traditional techniques.
[34] 

A systematic review in 

November 2022 found that the accuracy of AI models 

used to locate the finish line following tooth preparation 

ranged from 90.6% to 97.4%.
[32]

 

 

3. Restoration Detection 

One of the most recent advances in AI is no-code 

computer vision, used in a study where dental 

restorations on panoramic radiographs were identified 

appropriately.
[35] 

Deep learning was employed by 

Takahashi et al
[36]

 to identify 11 different kinds of 

restorations and prostheses using 36 YOLOv3 AI 

systems which improves the identification of color 

restorations. AI models are also utilized through images 

to anticipate restoration failures and to extend the life of 

composite restorations by predicting the debonding of 

the resins.
[37]

 

 

4. Design of Tooth Restoration 

AI models can be implemented for both the occlusal 

surface design and the automated manufacturing of 

dental restorations through customized reconstruction.
[38] 

A 3DDCGAN network, which used 3D data effectively 

in the crown manufacturing process, was described by 

Ding et al.
[39] 

and the anatomy of the developed crowns 

was comparable to that of natural teeth. The 

recommended restorative material for a specific tooth 

preparation can also be determined by the CBR (Case-

Based Reasoning) AI model.
[37]

 

 

5. Smile Design & Tooth Shade 

Bellus 3D Dental Pro Integration software links the 

treatment plan, patient's face, and 3D visualization of the 

result improving the patient's satisfaction and simplifying 

the process.
[40]

 Digital Smile Design (DSD) combines 

PowerPoint and Keynote with digital images of the 

patient's smile aiding to create personalized treatment 

plans. Intraoral scans and computed tomography scans 

can all be utilized in the 3-D version.
[41] 

DentShadeAI 

estimates the closest VITA shade guide and helps take 

pictures with a smartphone camera without the need for a 

controlled light source.
[42] 

A systematic review published 

in November 2023 found that the decision tree regression 

model had the highest accuracy (99.7%) in predicting 

dental hues followed by the fuzzy decision (99.62%), 

and support vector machine using cross-validation 

(97%).
[43]

 

 

6. Cracked Tooth 

According to Juncheng Guo et al., a CNN model was 

employed to aid in the diagnosis of cracked teeth; 

however, this was done on simulated cracked teeth, and 

its accuracy in the clinical identification of cracked teeth 

has to be tested.
[44]
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PATIENT PERSPECTIVES 

A third of the participants in a study said that by using 

AI and involving patients in the diagnosis and treatment 

process, AI in the dental field might enhance 

professional relationships and improve its prominence. 

Furthermore, the fact that 330 patients participated in the 

survey and that only 18 patients chose not to, reflects the 

level of interest dental patients have in AI. Nevertheless, 

a third of the patients were worried about potential price 

hikes.
[45] 

 

DOCTORS PERSPECTIVES 

In a study using questionnaires, 460 dental professionals 

and students participated; 94.13% had a fair notion about 

AI and how it functions (73.30%). The 

majority (92.39%) said AI should be included in 

dental academic programs, whereas a significant 

percentage (35.87%) opposed the idea, fearing that AI 

would eventually replace clinicians (76.52%).
[46]

 

According to a different study, dental students 

understand AI rather well, but they know less about its 

implications in dentistry. As a result, continuing 

education (CE) for practitioners and lectures for students 

must be implemented by dental schools and 

organizations.
[47]

 

 

ETHICS 

For implementing AI ethically in dentistry, patients 

should be informed about the use of their data and AI-

based decision-making, particularly if there is no legal 

framework in place, also if AI is used to save costs rather 

than enhance patient health.
[48] 

Rokhshad et al. listed 

eleven aspects in a checklist: accountability and 

responsibility, respect for autonomy, decision-making, 

diversity, openness, wellness, privacy protection, 

solidarity, equity, prudence, law and governance, and 

sustainable development. When creating, implementing, 

or accepting AI applications in dentistry, these guidelines 

must be taken into account.
[49]

 

 

LIMITATIONS 

Even while AI seems extremely remarkable and 

promising, there are drawbacks, like security 

vulnerabilities and the need for regular human 

supervision and its lack of empathy for patients. 

Concerns have been raised about the quality, ethical 

issues, and the likelihood that students would become 

unduly dependent on AI at the expense of their capacity 

to think analytically.
[50] 

 

CONCLUSION 

When compared to traditional approaches, AI models 

have demonstrated promising performance in the 

mentioned aspects of restorative dentistry, according to 

the current literature. However, since these models are 

still in development, more research is needed to confirm 

their efficacy and implement them in routine clinical 

practice. 

 

 

REFERENCES  

1. Poplin R, Varadarajan AV, Blumer K et al. 

Prediction of cardiovascular risk factors from retinal 

fundus photographs via deep learning. Nat Biomed 

Eng., 2018 Mar; 2(3): 158-164. 

2. Ghaffari M, Zhu Y, Shrestha A. A Review of 

Advancements of Artificial Intelligence in Dentistry. 

Dentistry review, 2024 Mar 1; 100081–1. 

3. Turing AM, Haugeland J. Computing machinery and 

intelligence. MA: MIT Press Cambridge 1950. 

4. Weizenbaum J. ELIZA—a computer program for 

the study of natural language communication 

between man and machine. Commun ACM, 1966; 

9(1): 36–45. 

5. Krizhevsky A, Sutskever I, Hinton GE. Imagenet 

classification with deep convolutional neural 

networks. Commun ACM, 2017; 60(6): 84–90. 

6. Open AI. Chat GPT. Optimizing language, models 

for dialogue. Available at: 

https://openai.com/blog/chatgpt/ 

7. Mccall HC, Richardson CG, Helgadottir FD, Chen 

FS. Evaluating a web-based social anxiety 

intervention: A randomized controlled trial among 

university students. J Med Internet Res., 2018; 

20(3): 91. 

8. Mitra, Radhika, Tarnach, Gitanjali. Artificial 

intelligence - A boon for dentistry. International 

Dental Journal of Student's Research, 2022; 10:    

37-42. 

9. Tariq S, Gupta N, Gupta P, Sharma A. Artificial 

Intelligence in Public Health Dentistry. INT Healthc 

Res J., 2021; 5(9): 1-5. 

10. Labovitz DL, Shafner L, Gil MR, Virmani D, and 

AH. Using artificial intelligence to reduce the risk of 

nonadherence in patients on anticoagulation therapy. 

Stroke, 2017; 48(5): 1416–9. 

11. Hosny A, Parmar C, Quackenbush J, Schwartz LH, 

Aerts HJ. Artificial intelligence in radiology. Nat 

Rev Cancer, 2018; 18(8): 500–10. 

12. Jaggi P, Priyadarshi S, Gautam J, Agarwal N, 

Srivastava R, Artificial intelligence in dentistry: A 

boon or bane?. J Dent Spec., 2023; 11(2): 71-75. 

13. Balaban C, Inam W, Kennedy R. The future of 

dentistry: how AI is transforming dental practices. 

Compend Contin Educ Dent, 2021; 42: 14-17. 

14. Khanagar SB, Al-Ehaideb A, Maganur PC. 

Developments, application, and performance of 

artificial intelligence in dentistry: a systematic 

review. J Dent Sci., 2021; 16: 508 -522. 

15. Schwendicke F, Chaurasia A, Arsiwala L. Deep 

learning for cephalometric landmark detection: 

systematic review and meta analysis. Clin Oral 

Investig., 2021; 25: 4299-4309. 

16. Aminoshariae A, Kulild J, Nagendrababu V. 

Artificial intelligence in endodontics: current 

applications and future directions. J Endod., 2021; 

47: 1352-1357. 

17. Hung K, Montalvao C, Tanaka R, Kawai T, 

Bornstein MM. The use and performance of 

artificial intelligence applications in dental and 

http://www.ejpmr.com/


www.ejpmr.com          │         Vol 11, Issue 9, 2024.          │         ISO 9001:2015 Certified Journal         │ 

Bhat et al.                                                                        European Journal of Pharmaceutical and Medical Research  

489 

maxillofacial radiology: a systematic review. 

Dentomaxillofac Radiol., 2020; 49: 20190107. 

18. Bernauer SA, Zitzmann NU, Joda T. The use and 

performance of artificial intelligence in 

prosthodontics: a systematic review. Sensors(Basel), 

2021; 21: 6628. 

19. Bichu YM, Hansa I, Bichu AY. Applications of 

artificial intelligence and machine learning in 

orthodontics: a scoping review. Prog Orthod., 2021; 

22: 18. 

20. Nguyen TT, Larrivée N, Lee A, Bilaniuk O, Durand 

R. Use of artificial intelligence in dentistry: current 

clinical trends and research advances. J Can Dent 

Assoc., 2021; 87: l7. 

21. Fang G, Chow MC, Ho JD, He Z, Wang K, Ng T. 

Soft robotic manipulator for intraoperative MRI-

guided transoral laser microsurgery. Sci Robot, 

2021; 6(57): eabg5575. 

22. Flowers, Johnathan Charles. ―Strong and Weak AI: 

Deweyan Considerations.‖ AAAI Spring 

Symposium: Towards Conscious AI Systems 2019. 

23. Ding, Hao & Wu, Jiamin & Zhao, Wuyuan & 

Matinlinna, Jukka & Burrow, Michael & Tsoi, 

James. Artificial intelligence in dentistry—A 

review. Frontiers in Dental Medicine, 2023; 4: 

1085251. 

24. LeCun, Y., Bengio, Y. & Hinton, G. Deep learning. 

Nature, 2015; 521: 436–444. 

25. Goodfellow I, Pouget-Abadie J, Mirza M, Xu B, 

Warde-Farley D, Ozair S. Generative adversarial 

nets. Adv Neural Inf Process Syst., 2014; 27:    

2672–80. 

26. Moran M, Faria M, Giraldi G, Bastos L, Oliveira L, 

Conci A. Classification of Approximal Caries in 

Bitewing Radiographs Using Convolutional Neural 

Networks. Sensors (Basel), 2021 Jul 31; 21(15): 

5192. 

27. Schwendicke, F.; Golla, T.; Dreher, M.; Krois, J. 

Convolutional Neural Networks for Dental Image 

Diagnostics: A Scoping Review. J. Dent., 2019; 91: 

103226. 

28. Azhari AA, Helal N, Sabri LM, Abduljawad A. 

Artificial intelligence (AI) in restorative dentistry: 

Performance of AI models designed for detection of 

interproximal carious lesions on primary and 

permanent dentition. Digit Health, 2023 Nov 30; 9: 

20552076231216681. 

29. Schwendicke, F Rossi, J.G.,Göstemeyer, G.et al. 

Cost-Effectiveness of Artificial Intelligence for 

Proximal Caries Detection. J. Dent. Res., 2021; 100: 

369–376. 

30. Shimada, Y.; Bakhsh, T.A.; Schlenz, M.A.; Schupp, 

B.; Schmidt, A.; Wöstmann, B.; Baresel, I.; Krämer, 

N.; Schulz-Weidner, N. New Caries Diagnostic 

Tools in Intraoral Scanners: A Comparative In Vitro 

Study to Established Methods in Permanent and 

Primary Teeth. Sensors, 2022; 22: 2156. 

31. Das M, Shahnawaz K, Raghavendra K, Kavitha R, 

Nagareddy B, Murugesan S. Evaluating the 

Accuracy of AI-Based Software vs Human 

Interpretation in the Diagnosis of Dental Caries 

Using Intraoral Radiographs: An RCT. J Pharm 

Bioallied Sci., 2024 Feb; 16(Suppl 1): S812-S814. 

32. Revilla-Leon M, Gomez-Polo M, Vyas S. Artificial 

intelligence applications in restorative dentistry: a 

systematic review. J Prosthet Dent., 2022; 128:    

867-875. 

33. Thurzo A, Urbanová W, Novák B, Czako L, Siebert 

T, Stano P, Mareková S, Fountoulaki G, Kosnáčová 

H, Varga I. Where Is the Artificial Intelligence 

Applied in Dentistry? Systematic Review and 

Literature Analysis. Healthcare (Basel), 2022 Jul 8; 

10(7): 1269. 

34. Liu CM, Lin WC, Lee SY. Evaluation of the 

efficiency, trueness, and clinical application of novel 

artificial intelligence design for dental crown 

prostheses. Dent Mater, 2024 Jan; 40(1): 19-27. 

35. Hamdan M, Badr Z, Bjork J, Detection of dental 

restorations using no-code artificial intelligence, 

Journal of Dentistry, 2023; 139: 104768. 

36. Takahashi T, Nozaki K, Gonda T, Mameno T, Ikebe 

K. Deep learning-based detection of dental 

prostheses and restorations. Sci Rep., 2021 Jan 21; 

11(1): 1960. 

37. Krishnegowda SC, Jaganath BM, Rudranaik S, 

Harnad AB, ―Artificial Intelligence In Restorative 

Dentistry And Endodontics- A Short Review: Ind J 

Clin Res Dent, 2023; 4(1): 12-15. 

38. Tabatabaian F, Vora SR, Mirabbasi S. Applications, 

functions, and accuracy of artificial intelligence in 

restorative dentistry: A literature review. J Esthet 

Restor Dent., 2023; 35(6): 842-859. 

39. Ding H, Cui Z, Maghami E, Chen Y, Matinlinna JP, 

Pow EHN, et al. Morphology and mechanical 

performance of dental crown designed by 3D-

DCGAN. Dent Mater 2023. 

40. Tian S, Dai N, Zhang B, Yuan F, Yu Q, Cheng X. 

Automatic classification and segmentation of teeth 

on 3D dental model using hierarchical deep learning 

networks. IEEE Access, 2019; 7: 84817-84828. 

41. Carrillo-Perez F, Pecho OE, Morales JC et al. 

Applications of artificial intelligence in dentistry: A 

comprehensive review. J Esthet Restor Dent., 2022 

Jan; 34(1): 259-280. 

42. Y. Wanna, K. Wiratchawa, R. 

Leenaracharoongruang, W. Sittiwong, P. Panpisut 

and T. Intharah, "DentShadeAI: a Framework for 

Automatic Dental Shade Matching through Mobile 

Phone Camera," 2022 37th International Technical 

Conference on Circuits/Systems, Computers and 

Communications (ITC-CSCC), Phuket, Thailand, 

2022; 282-285. 

43. Shetty S, Gali S, Augustine D, Sowmya SV. 

Artificial intelligence systems in dental shade-

matching: A systematic review. Journal of 

Prosthodontics, 20 November 2023. 

44. Guo J, Wu Y, Chen L, Ge G, Tang Y, Wang W. 

Automatic Detection of Cracks in Cracked Tooth 

Based on Binary Classification Convolutional 

Neural Networks. Appl Bionics Biomech., 2022 Sep 

http://www.ejpmr.com/


www.ejpmr.com          │         Vol 11, Issue 9, 2024.          │         ISO 9001:2015 Certified Journal         │ 

Bhat et al.                                                                        European Journal of Pharmaceutical and Medical Research  

490 

19; 2022: 9333406. 

45. Ayad, N., Schwendicke, F., Krois, J. et al. Patients’ 

perspectives on the use of artificial intelligence in 

dentistry: a regional survey. Head Face Med., 2023; 

19: 23. https://doi.org/10.1186/s13005-023-00368-z 

46. Murali, Sridhar & Bagewadi, Anjana & Kumar, 

Lokesh & Fernandes, Anabelle & T, Jayapriya & 

Panwar, Arun & Keluskar, Vaishali. Knowledge, 

attitude, and perception of dentists regarding the role 

of Artificial Intelligence and its applications in Oral 

Medicine and Radiology: a cross sectional study. 

Journal of Oral Medicine and Oral Surgery, 2023; 

29. 

47. Mahmood Dashti, Jimmy Londono, Shohreh 

Ghasemi, Zohaib Khurshid, Farshad Khosraviani, 

Negar Moghaddasi, Muhammad S. Zafar, Delband 

Hefzi, Attitudes, knowledge, and perceptions of 

dentists and dental students toward artificial 

intelligence: a systematic review, Journal of Taibah 

University Medical Sciences, 2024; 19(2): 327-337. 

https://doi.org/10.1016/j.jtumed.2023.12.010. 

48. Roganović, Jelena & Radenković, Miroslav. Ethical 

Use of Artificial Intelligence in Dentistry 2023. 

10.5772/intechopen.1001828. 

49. Rata Rokhshad, Maxime Ducret, Akhilanand 

Chaurasia, Teodora Karteva, Miroslav Radenkovic, 

Jelena Roganovic, Manal Hamdan, Hossein 

Mohammad-Rahimi, Joachim Krois, Pierre Lahoud, 

Falk Schwendicke, Ethical considerations on 

artificial intelligence in dentistry: A framework and 

checklist, Journal of Dentistry, 2023; 135: 104593. 

https://doi.org/10.1016/j.jdent.2023.104593.  

50. Srivastava B, Chandra S, Singh SK, Srivastava T. 

Artificial intelligence in dentistry: Its applications, 

impact and challenges. Asian J Oral Health Allied 

Sci., 2023; 13: 7. 

http://dx.doi.org/10.25259/AJOHAS_10_2023 

http://www.ejpmr.com/
http://dx.doi.org/10.25259/AJOHAS_10_2023

