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Abstract
Purpose: Today, dentistry education is undergoing constant renewal, driven by the rapid advancements in technology. Among themost significant of these innovations are the remarkable strides in radiological imaging techniques, which have fundamentallytransformed the way dental professionals are trained and practice their skills. The integration of cutting-edge technologies suchas digital radiography, 3D imaging, and artificial intelligence (AI)-assisted diagnostic tools has opened new frontiers in dentaleducation, offering enhanced visualization, precision, and diagnostic capabilities. These advancements not only provide studentswith a deeper understanding of oral structures and pathology but also equip them with practical experience that mirrorsreal-world clinical scenarios. This review aims to comprehensively evaluate the incorporation of these novel radiologicalapproaches into dentistry education and analyze their effects on student learning outcomes, diagnostic accuracy, and clinicalefficiency. Additionally, it seeks to explore the broader implications of these technologies in shaping the future of dental practiceand improving patient care.These technologies aim to address critical gaps in traditional dental education, such as limited diagnostic precision, insufficientexposure to complex clinical cases, and the lack of hands-on experience with advanced imaging tools, thereby enhancing both thequality and relevance of student training.
Objective and Method: : The purpose of this review is to discuss current studies on how new radiologic approaches in dentistry,especially artificial intelligence and its products, can provide differences and advantages in the field of education and it is a generalliterature review.. It is also aimed to give ideas about future studies and developments. It is to present a brief summary of recentstudies on this subject. For this purpose, keywords such as dentistry education, ai, training, undergraduate students, newapproaches , radiology, technology ,cbct, vr,ar were written to Pubmed. Original research and systematic reviews were included.We used various combinations of keywords. We obtained titles from the studies that emerged as a result of these combinations. Intotal, we obtained 380 articles with different combinations of 2 and 3 words. We removed the ones that were not directly related toradiology, those that were not in English, and those that were published before the last 6 years. In total, we were left with 34different publications.
Results: We can address new radiological approaches under 5 basic headings. Digital Imaging, Three-Dimensional Imaging (CBCT- Cone Beam Computed Tomography), Artificial Intelligence-Assisted Image Processing, Digital Implant Planning and AugmentedReality (AR) and Virtual Reality (VR).
Key words: ai, ar, cbct, dentistry education, radiology, technology, vr

Introduction

Digital imaging is the process of recording and processing objectsor scenes in digital format. This technology is often used in medical,industrial and scientific fields. For example, in dentistry, digitalimaging allows high-resolution images of teeth and oral structuresto be obtained with tools such as intraoral scanners and digital X-rays. This allows more accurate diagnoses to be made and treatmentplanning to be carried out more effectively. 1

Digital imaging offers significant advantages in modern den-tistry. For instance, digital radiography can reduce radiation dosesby 50-80% compared to traditional film methods, minimizing pa-tients’ exposure to radiation . Additionally, digital images can beviewed instantly, significantly reducing patients’ waiting times. By eliminating the need for chemical processing and darkroomrequirements, it makes the imaging process more reliable. 2 Digitalimages also allow for easy adjustments to features like contrast andsharpness, enabling clearer images without additional radiation ex-
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posure. 2 Finally, the ability to store and share digital images easilyin a computer environment greatly facilitates access and manage-ment. 3 For these reasons, digital imaging has become a preferredmethod in dentistry.The advantages of Cone Beam Computed Tomography (CBCT)include: Enhanced Visualization: CBCT provides high-resolution3D images that allow for detailed anatomical analysis, whichis particularly beneficial in dental and maxillofacial applica-tions. 4Reduced Radiation Exposure: Compared to traditional CTscans, CBCT typically exposes patients to lower doses of radiation,making it a safer option for imaging. 5 Multiplanar Reconstruction:CBCT allows for the reconstruction of images in multiple planes(axial, coronal, and sagittal), facilitating comprehensive evalua-tion of complex anatomical structures . Improved Diagnosis: Thedetailed imaging capabilities of CBCT enhance the accuracy of di-agnoses, particularly in identifying conditions such as impactedteeth, root canal issues, and airway analysis. 6 Integration in Educa-tion: CBCT technology is increasingly being integrated into dentaleducation, providing students with advanced tools for learning andunderstanding anatomical details .Legal and Forensic Applications:CBCT is also utilized in legal and forensic medicine for its effectiveanalysis of anatomical details, which can be crucial in various in-vestigations .These advantages highlight the growing importanceof CBCT in both clinical practice and educational settings. 7
Despite the significant potential, AI solutions have not yet be-come widely integrated into routine medical practice. In dentistry,for instance, convolutional neural networks have primarily beenemployed in research environments since 2015, mostly focusing ondental radiographs. Only recently have these technologies begun tobe applied in clinical settings. 8 This is especially surprising giventhat dentistry is particularly well-suited for AI applications: 1) Im-agery is fundamental to dentistry, playing a crucial role throughoutthe patient’s dental journey, from initial screening to treatmentplanning and execution. 2) Dentistry frequently involves usingdifferent imaging modalities from the same anatomical region ofthe same patient, often supplemented by non-imaging data likeclinical records, medical and dental histories, systemic health con-ditions, and medications. Additionally, data are often collected overmultiple time points. AI has the capacity to integrate and analyzethese diverse data sets, enhancing diagnosis, prediction, and clin-ical decision-making. 3) Many dental conditions, such as caries,apical lesions, and periodontal bone loss, are relatively common.Therefore, building large datasets with numerous "affected" casescan be accomplished without excessive difficulty. We identify threemain factors that explain why dentistry has not fully embraced AItechnologies. Addressing these issues will help to improve dentalAI technologies and promote their adoption in clinical practice.AI offers several benefits for dental education, significantly en-hancing both the learning experience and student outcomes. Oneof the key advantages is personalized learning, where AI can tai-lor educational materials to meet the specific needs of individualstudents, thereby improving their understanding and retentionof complex concepts. 9 Additionally, interactive simulations pow-ered by AI, such as virtual reality (VR) simulations, allow studentsto practice procedures in a risk-free environment. This not onlyboosts their practical skills but also enhances their confidence inperforming real-world tasks. 9 Another important application isautomated feedback, as AI systems can provide immediate and con-structive feedback on student performance, helping students pin-point areas for improvement and fostering self-directed learning.Furthermore, AI tools can enhance communication between edu-cators and students, ensuring that information is conveyed clearlyand effectively, thus reducing misunderstandings and facilitatingbetter learning outcomes. Lastly, AI can assist in data analysis forcurriculum improvement, by examining student performance datato identify trends and gaps in knowledge. This valuable insight al-lows educators to refine curricula and teaching methods, ensuringthat the learning experience is continually evolving to meet the

needs of students. 9 Overall, these applications aim to create a moreeffective and engaging learning environment, ultimately leadingto better-prepared dental professionals.Digital Implant Planning The widespread integration of digi-tal technology into oral implantology has significantly facilitatedimplant surgery and prosthetic treatments. 10 Digital technologyplays a crucial role throughout the implant process, including datacollection, virtual patient creation through information integra-tion, the execution of surgical procedures, and subsequent implantrestorations. A comprehensive review of developments in digitaltechnology within implantology has found that it is continuallyupdated and renewed based on previous methods or the creation ofnew digital techniques. 11
Digital implant planning holds an important place in dental ed-ucation, offering several advantages for teaching students moderndental practices. One of the key benefits is the use of advanced learn-ing tools, as digital technologies provide tools such as 3D modelingand simulations. These tools help students better understand theimplant placement process, allowing theoretical knowledge to bereinforced with practical applications. 12
Moreover, digital implant planning teaches students how toplan the implant placement process with greater precision, whichcontributes to the development of their clinical skills. Addition-ally, digital workflows help students manage treatment processesmore quickly and efficiently, enhancing their clinical experienceand increasing patient acceptance rates. 12
Another significant advantage is that digital implant planningprovides students with knowledge about cost-effectiveness andresource management, helping them make more informed deci-sions in their future practices. 12 For these reasons, digital implantplanning is considered an essential component of dental education.Augmented Reality (AR) can be defined as a technological tooland offers the user an experience in a physical environment. Thisexperience usually occurs through electronic devices such as mo-bile phones or tablets. AR offers different solutions by being used invarious fields such as gaming, education, architecture, design, andhealth. Especially in education, it is possible to develop traditionalnarrative models with AR and to offer students visually and audi-torily rich applications. Virtual Reality (VR) technology offers theuser a virtual universe experience and is usually experienced usingVR glasses. This new form of reality is associated with a conceptcalled "Metaverse" and its use is foreseen to increase in the future.The user is in a three-dimensional world thanks to VR glasses. Thisnew perception of reality has inspired various research areas andVR has begun to be used effectively in many sectors. In 2004, LeBlanc et al. conducted a study with second-year dentistry studentsat Columbia University, and provided one group with 110 hours oftraditional preclinical laboratory training, while another group re-ceived 6-10 hours of simulation clinic training in addition to thistraining. In the evaluations made at the end of the year, it was ob-served that the students who received simulation training achievedhigher grades. 13

Conclusion

Many new approaches are being utilized today. In a changing world,it is necessary and inevitable to be open to new developments ineducation and to benefit from advancements in technology andsoftware alongside traditional materials in radiology education. Inlight of the studies conducted, there is a growing need for moreresearch and progress in this field in the near future, requiringa greater number and variety of studies. For instance, controlledstudies could be conducted to better evaluate the educationaleffectiveness of these technologies, or studies directly comparingexisting approaches could be included. Additionally, this study ismerely a general literature review. An increasing number of studiesare being published on the subheadings discussed here, and based
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on these current studies, it is recommended to identify specific top-ics and conduct more detailed reviews at the systematic review level.
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