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Abstract  

The integration of artificial intelligence (AI) in dental imaging, specifically Cone-Beam Computed Tomography 

(CBCT), is transforming diagnostic and treatment planning processes in dentistry. AI-driven CBCT systems offer 

enhanced image analysis, precision, and decision-making capabilities, minimizing human error and reducing the time 

required for diagnosis. This article reviews the latest advancements in AI applications in CBCT, addressing its role in 

improving diagnostic accuracy, optimizing workflows, and enhancing patient outcomes. It also explores how AI-

augmented CBCT is being utilized in various dental specialties such as implantology, orthodontics, and endodontics. 

We present current research findings, highlight the ethical and regulatory concerns of using AI, and provide insights into 

future developments. This study aims to offer a comprehensive understanding of AI's role in CBCT and its potential to 

revolutionize dental care, making it a critical tool for clinicians worldwide. 
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Introduction 

Artificial intelligence has rapidly advanced in various medical fields, with 

dentistry emerging as a key area where AI applications are transforming 

practices. The advent of Cone-Beam Computed Tomography (CBCT) has 

already enhanced dental imaging by providing three-dimensional scans of 

the oral and maxillofacial region. CBCT offers high-resolution images with 

reduced radiation exposure compared to traditional CT scans, making it 

highly beneficial for diagnostic and surgical planning purposes. However, its 

effectiveness is significantly amplified by incorporating AI algorithms, 

which provide deeper insights and more accurate diagnostics. 

AI has the potential to automate and improve image interpretation, diagnose 

pathologies at earlier stages, and optimize treatment plans across dental 

specialties. Combining AI with CBCT, therefore, represents a new frontier 

in dental diagnostics and patient care, offering solutions to complex clinical 

cases, especially in areas like implantology, orthodontics, and endodontics, 

where precision is critical. 

Artificial Intelligence in Dental Imaging: A Paradigm Shift 

Artificial intelligence in dentistry largely focuses on machine learning (ML), 

deep learning (DL), and neural networks that analyze large datasets to 

identify patterns and predict outcomes. AI can significantly enhance CBCT 

analysis by detecting minute anomalies that are often challenging for 

clinicians to recognize through visual inspection alone.  

For instance, AI models trained on thousands of CBCT scans can learn to 

differentiate between benign and malignant lesions or identify the early 

stages of bone resorption, which might be overlooked in conventional 

diagnosis. Moreover, AI-based image analysis tools can automate 

segmentation of anatomical structures, such as identifying critical landmarks 

for dental implant placement, facilitating safer and more precise surgeries. 

Recent research suggests that AI-powered CBCT analysis has the potential 

to reduce human error by approximately 20% to 30%, especially in complex 

cases where conventional methods might struggle with interobserver 

variability【1】【2】. 

Clinical Applications of AI-Augmented CBCT in Dentistry 

1. Implantology: CBCT is widely used in implant dentistry for planning 

implant placement and assessing bone quality. AI enhances this process by 

providing automated analysis of the bone structure, suggesting optimal 

implant positioning, and predicting treatment outcomes based on historical 

data. This level of precision reduces surgical complications and ensures long-

term success of dental implants【3】. 

2. Orthodontics: AI integrated with CBCT offers significant benefits for 

orthodontists by enabling automated cephalometric analysis, which is crucial 

for diagnosing malocclusion and planning orthodontic treatments. AI 
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systems can measure tooth and jaw movements with higher precision, 

allowing more accurate treatment planning and tracking【4】【5】. 

3. Endodontics: In endodontics, AI combined with CBCT can assist in 

detecting periapical lesions, root fractures, and canal anatomy. Traditional 

endodontic diagnostics are often limited by two-dimensional radiographs, 

which may miss critical details. AI-based CBCT interpretation overcomes 

these limitations by providing a comprehensive view of the root canal system 

and surrounding structures, improving the accuracy of diagnosis and 

treatment outcomes【6】. 

4. Oral and Maxillofacial Surgery: AI-enhanced CBCT plays a critical role 

in preoperative planning for oral and maxillofacial surgeries. By providing 

detailed analysis of the patient's anatomy, AI can simulate surgical outcomes, 

aiding in better preparation and reducing intraoperative risks. This 

application is particularly useful in the case of complex craniofacial 

deformities and trauma surgeries【7】. 

Ethical and Regulatory Considerations 

While the integration of AI into CBCT imaging brings significant 

advantages, it also raises several ethical and regulatory challenges. The use 

of AI in healthcare, particularly in autonomous decision-making processes, 

necessitates rigorous oversight to ensure patient safety and data privacy. 

There are concerns regarding the "black-box" nature of AI algorithms, where 

the decision-making process is not always transparent, which can lead to 

legal and ethical dilemmas in clinical settings【8】. 

Furthermore, the deployment of AI in dental practices requires adherence to 

regulatory frameworks, particularly concerning the validation of AI tools 

before clinical use. In many regions, AI-driven diagnostic tools are subject 

to scrutiny by regulatory bodies such as the U.S. Food and Drug 

Administration (FDA) and the European Medicines Agency (EMA). Thus, 

ensuring the safety and efficacy of AI systems is paramount before 

widespread adoption in clinical practice. 

Challenges and Limitations 

Despite the promising future of AI in dentistry, several challenges remain. 

First, AI algorithms require extensive training on large datasets to achieve 

high accuracy, and the availability of quality dental data is often limited. 

Variability in imaging equipment, patient demographics, and scanning 

protocols across different institutions can also affect the generalizability of 

AI models. Moreover, the cost of implementing AI technology in dental 

practices remains a barrier for many clinicians, particularly in resource-

limited settings【9】. 

Another limitation is the need for clinician oversight. While AI can assist in 

diagnosis and treatment planning, human expertise remains essential to 

interpret AI-generated results and provide personalized patient care. Over-

reliance on AI without sufficient clinician involvement could lead to 

diagnostic errors or oversights in treatment planning【10】. 

Future Perspectives 

Looking ahead, the integration of AI and CBCT in dentistry is expected to 

expand further, with research focusing on improving the accuracy and 

reliability of AI models. The future may see the development of AI systems 

capable of real-time analysis during surgical procedures, offering 

intraoperative guidance to surgeons. Moreover, AI's predictive capabilities 

could be extended to forecast long-term treatment outcomes, helping 

clinicians make more informed decisions about patient care. 

Recent advancements in AI research, such as the use of generative 

adversarial networks (GANs) to improve image quality and the incorporation 

of explainable AI (XAI) techniques, are poised to address some of the current 

limitations. GANs can enhance CBCT images by generating high-resolution 

reconstructions from low-quality scans, which could be particularly useful in 

cases where patient exposure to radiation needs to be minimized【11】. 

XAI, on the other hand, seeks to make AI decision-making processes more 

transparent, helping clinicians understand how the AI arrives at specific 

conclusions【12】. 

Conclusion 

The convergence of artificial intelligence and Cone-Beam Computed 

Tomography represents a transformative shift in the field of dentistry. AI-

enhanced CBCT has the potential to revolutionize diagnostic accuracy, 

streamline treatment planning, and improve patient outcomes across various 

dental specialties. While challenges related to data quality, regulatory 

compliance, and ethical concerns remain, ongoing research and 

technological advancements promise to overcome these barriers. As AI 

continues to evolve, its integration into dental practices will play an 

increasingly critical role in delivering efficient, precise, and patient-centered 

care. 
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