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Abstract: Artificial intelligence (AI) has become an increasingly valuable tool in dental imaging, particularly for the 
analysis of radiographs and cone-beam computed tomography (CBCT) scans. This paper reviews the current 
applications and effectiveness of AI algorithms, especially deep learning models, in detecting dental pathologies 
and anatomical structures. The integration of AI enhances diagnostic accuracy, reduces human error, and 
streamlines clinical workflows. Despite challenges such as dataset limitations and the need for standardized 
protocols, AI demonstrates substantial potential to transform dental diagnostics. Continued research and 
development are essential for optimizing AI tools and promoting their widespread adoption in clinical practice. 
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Introduction: In recent years, the field of dental 
imaging has witnessed significant technological 
advancements, greatly enhancing the ability of 
clinicians to diagnose and treat various oral health 
conditions. Among these innovations, artificial 
intelligence (AI) has emerged as a transformative tool, 
offering the potential to revolutionize the 
interpretation of dental radiographs and cone-beam 
computed tomography (CBCT) images. Dental 
radiography, including periapical, bitewing, panoramic 
X-rays, and three-dimensional CBCT scans, provides 
critical visual information about the teeth, jawbone, 
and surrounding structures, which is essential for 
accurate diagnosis, treatment planning, and 
monitoring of oral diseases. Traditional manual analysis 
of these images is often time-consuming, labor-
intensive, and subject to variability due to human 
factors such as fatigue, experience level, and subjective 
judgment. This variability can sometimes lead to 
diagnostic errors or oversight of subtle pathologies, 
impacting patient outcomes negatively. Moreover, the 
increasing volume of dental imaging data generated in 
clinical practice calls for more efficient and 
standardized methods of analysis to improve 
diagnostic workflows. 

Artificial intelligence, particularly machine learning and 
deep learning algorithms, has shown exceptional 

promise in addressing these challenges. By training on 
large datasets of annotated dental images, AI models 
can learn to detect patterns and anomalies with high 
accuracy, consistency, and speed. Deep learning 
architectures such as convolutional neural networks 
(CNNs) have demonstrated superior capabilities in 
image recognition and classification tasks, enabling 
automated identification of dental caries, periodontal 
bone loss, periapical lesions, root fractures, and other 
pathological conditions. The integration of AI into 
dental radiology not only enhances diagnostic accuracy 
but also supports clinicians by reducing the cognitive 
burden, allowing them to focus more on treatment 
decisions and patient care. Furthermore, AI-assisted 
image analysis can facilitate early detection of diseases 
that might be overlooked in routine examinations, 
thereby improving preventive strategies and treatment 
outcomes. Cone-beam computed tomography (CBCT), 
which provides three-dimensional imaging with 
detailed visualization of dental and maxillofacial 
structures, presents even greater opportunities and 
challenges for AI applications. The volumetric data 
generated by CBCT requires sophisticated processing 
techniques, and AI algorithms have been increasingly 
employed for automated segmentation, classification, 
and quantitative assessment of anatomical and 
pathological features. The promising developments, 
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the adoption of AI in dental imaging is still in its early 
stages, with ongoing research addressing limitations 
such as the need for large, diverse, and well-annotated 
datasets, algorithm transparency, and integration with 
existing clinical workflows. Additionally, ethical 
considerations regarding patient data privacy and the 
interpretability of AI decisions are critical factors that 
must be managed carefully. This article aims to 
comprehensively review the effectiveness of artificial 
intelligence algorithms in analyzing dental radiographs 
and CBCT images. By examining current 
methodologies, performance metrics, and clinical 
implications, this study highlights the potential of AI to 
transform dental diagnostics and outlines the 
challenges that remain for widespread clinical 
implementation. 

METHODOLOGY 

This paper presents a detailed analysis of artificial 
intelligence (AI) techniques applied to the 
interpretation of dental radiographs and cone-beam 
computed tomography (CBCT) images. To achieve this, 
a systematic literature review was conducted focusing 
on studies published within the last ten years, aiming 
to evaluate the current state and effectiveness of AI in 
dental imaging. The research process began with a 
comprehensive search across multiple scientific 
databases such as PubMed, Scopus, IEEE Xplore, and 
Google Scholar. Keywords and phrases related to AI, 
machine learning, deep learning, dental radiography, 
CBCT, image analysis, and diagnostic performance 
were used in various combinations to identify relevant 
articles. The selection was narrowed to peer-reviewed 
original research papers written in English. Inclusion 
criteria were established to ensure the relevance and 
quality of selected studies. These criteria included the 
application of AI algorithms specifically designed for 
analyzing dental X-rays or CBCT scans, presentation of 
quantitative diagnostic performance results (e.g., 
accuracy, sensitivity, specificity), and comparison of AI 
performance with that of dental professionals or 
conventional diagnostic methods. Excluded from this 
review were articles lacking detailed methodological 
descriptions or sufficient quantitative data, as well as 
reviews, case reports, and non-dental imaging studies. 

Data extracted from the eligible studies encompassed 
details about AI methodologies employed (such as 
convolutional neural networks, support vector 
machines, or other machine learning models), the 
nature and size of datasets, annotation protocols, 
diagnostic targets, and evaluation metrics used. To 
assess the AI models’ diagnostic capabilities, several 
performance measures were considered: accuracy, 
sensitivity, specificity, precision, F1-score, and the area 
under the receiver operating characteristic curve (AUC-

ROC). These metrics collectively provide a robust 
framework for evaluating AI efficiency in detecting 
various dental conditions. This analysis addresses 
potential limitations including dataset variability, 
sample size constraints, and the challenges posed by 
differences in imaging equipment and protocols. The 
review also highlights concerns related to overfitting 
and the need for external validation to ensure 
generalizability of AI models. 

The analysis of selected studies demonstrates that 
artificial intelligence (AI) algorithms have achieved 
promising results in the interpretation of dental 
radiographs and CBCT images. Across various 
diagnostic tasks, AI models—particularly those based 
on deep learning architectures like convolutional 
neural networks (CNNs)—consistently show high 
accuracy and reliability. In the detection of dental 
caries from periapical and bitewing radiographs, 
several studies reported accuracy levels exceeding 
90%, with sensitivity and specificity values frequently 
above 85%. AI systems were able to identify early-stage 
lesions that are often missed by less experienced 
clinicians, highlighting their potential in improving early 
diagnosis and preventive care. 

When applied to panoramic radiographs, AI algorithms 
effectively detected periodontal bone loss and 
periapical pathologies, achieving accuracy rates 
comparable to experienced dental radiologists. 
Moreover, AI demonstrated superior consistency by 
reducing inter- and intra-observer variability inherent 
in manual interpretation. In the context of CBCT 
imaging, AI techniques have shown notable success in 
segmenting anatomical structures such as teeth roots, 
mandibular canals, and maxillary sinuses, as well as 
detecting abnormalities including cysts, tumors, and 
bone defects. Automated analysis significantly reduced 
the time required for volumetric image evaluation, 
enabling more efficient clinical workflows. 

CONCLUSION 

The integration of artificial intelligence (AI) algorithms 
into the analysis of dental radiographs and CBCT 
images represents a significant advancement in dental 
diagnostics. AI, particularly deep learning techniques 
such as convolutional neural networks, has 
demonstrated high accuracy, sensitivity, and specificity 
in detecting a variety of dental pathologies, often 
matching or surpassing human expert performance. In 
conclusion, AI-driven analysis of dental radiographs 
and CBCT images holds considerable promise for 
transforming dental care, offering tools that enhance 
diagnostic precision and support clinicians in delivering 
high-quality patient-centered services. Future research 
should focus on validating AI models across diverse 
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populations and imaging settings, developing user-
friendly interfaces for seamless clinical integration, and 
establishing regulatory frameworks to ensure safety 
and efficacy. 
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