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Abstract 
Introduction 
Artificial Intelligence (AI) is revolutionizing healthcare, and its impact on dentistry, particularly in endodontics, 

is becoming increasingly significant. AI technologies such as machine learning, deep learning, and computer 

vision are proving beneficial in the detection, diagnosis, and treatment of dental diseases. This review focuses 

on the application of AI in root canal therapy, examining how these technologies contribute to enhancing 

diagnostic accuracy and optimizing treatment planning. 

Methodology 
This research reviews existing literature on the use of AI in endodontics. It includes studies on AI's application 

in radiographic analysis, disease detection, and treatment outcome prediction. The review also explores the role 

of AI in dental education and training, providing insights into both the benefits and challenges of implementing 

AI technologies. 

Results 
AI has demonstrated remarkable potential in automating the detection of dental pathologies such as periapical 

lesions, aiding clinicians in making more accurate diagnoses. Machine learning and deep learning models have 

been effective in predicting treatment outcomes, which assists clinicians in planning root canal therapies more 

efficiently. AI tools are also enhancing educational frameworks in endodontics by providing simulations that 

help reduce human error and improve learning outcomes. 

Discussion 
Despite the promising results, there are challenges to the widespread implementation of AI in clinical practice. 

Issues such as data privacy, the transparency of AI algorithms, and the integration of these systems into existing 

clinical workflows remain significant obstacles. Additionally, the need for rigorous validation of AI tools in 

real-world settings and the training of clinicians to work alongside AI systems are critical considerations for the 

future. 

Conclusion 
AI is poised to revolutionize the field of endodontics, improving diagnostic accuracy, treatment planning, and 

educational practices. However, to fully integrate AI into routine clinical practice, addressing challenges 

related to data privacy, algorithm transparency, and workflow integration is essential. The continued 

development and refinement of AI technologies in this field hold great promise for enhancing patient care and 

clinical outcomes in endodontics. 

Keywords: Artificial intelligence, Automated diagnosis, Deep learning, Endodontics, Machine learning, 

Predictive analysis 

 

I. Introduction: 
Artificial Intelligence (AI) is making significant strides in healthcare, particularly in the field of 

endodontics, by improving interactions between humans and machines. Building upon John McCarthy's 

pioneering work in AI, the technology has progressed to perform intelligent tasks aimed at specific goals [1]. In 

endodontics, AI contributes to enhancing diagnostic accuracy, streamlining treatment planning, and predicting 

patient outcomes. Tools like Artificial Neural Networks (ANN) and Machine Learning are essential for 

analyzing medical images, supporting clinical decision-making and managing complex dental data. However, 
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there are still challenges, such as issues with data quality, ethical considerations, and the necessity for clinical 

validation [2]. AI has already brought advancements to areas like radiography and surgery, with Food and drug 

administration (FDA) approved applications improving the diagnosis, treatment, and prevention of conditions 

affecting the pulp and surrounding tissues [3]. While AI has found its primary application in radiological 

diagnosis within endodontics, it is also being utilized for optimizing treatment planning and predicting treatment 

results [4]. Despite some misconceptions about AI that may raise unrealistic expectations, the potential of AI to 

revolutionize healthcare remains clear [5]. By enhancing patient care, boosting efficiency, and enabling 

innovations in various medical domains, AI's impact is undeniable. In dentistry, AI's transformative influence is 

evident through models like Convolutional Neural Networks (CNN) and ANN, which are improving many 

aspects of dental practice [5]. Virtual dental assistants powered by AI are contributing to more precise and 

productive operations in clinics, reducing the need for large teams while maintaining high standards [6]. AI's 

diagnostic capabilities also play a crucial role in oral and maxillofacial surgery, including procedures such as 

tumor excision and dental implant placement. Moreover, AI-powered design assistants are advancing prosthetic 

dentistry by creating more aesthetically tailored and comfortable prostheses [7]. As AI technology continues to 

develop, it is expected to have a growing impact on endodontics and other dental fields, though addressing 

ethical concerns and limitations is vital to fully harness its potential [8].In recent years, AI has become 

indispensable across various medical sectors, including endodontics, which focuses on diseases of the dental 

pulp and surrounding tissues. Achieving successful outcomes in endodontics requires precision and skill [9]. 

Traditional diagnostic and treatment methods often rely heavily on subjective judgment and manual labor, but 

AI integration offers the potential to enhance these processes, leading to more accurate, efficient, and patient-

centered care [10]. AI in endodontics incorporates state-of-the-art technologies such as machine learning, deep 

learning, and computer vision to aid in diagnosis, predict treatment success, and automate routine tasks. AI-

driven imaging systems are improving the detection of endodontic conditions, and robotic systems are assisting 

in precise root canal procedures [11]. Additionally, AI can predict treatment outcomes, improve patient 

management, and refine clinical decision-making. Since John McCarthy introduced AI in 1956, the technology 

has become increasingly important in multiple industries, including healthcare. The integration of AI into 

healthcare merges computer science with large datasets to tackle complex challenges. Early AI applications, 

such as expert systems developed in the 1980s to emulate human decision-making, laid the foundation for 

further innovations [12]. These initial systems faced limitations, but with the advancement of computing power 

and specialized algorithms, machine learning and deep learning have emerged as powerful subfields 

[13].Machine learning uses statistical algorithms to develop systems that improve autonomously, while deep 

learning, through artificial neural networks, allows systems to learn from data, mimicking the human brain's 

processes [14].Although AI research in healthcare has grown significantly in recent years, there remains limited 

dental literature on the subject. A recent review highlighted that AI is being applied in various aspects of 

dentistry, such as imaging, diagnostics, caries detection, and robotic procedures [15]. This research aims to 

explore the application of AI in endodontics, focusing on diagnosis, treatment planning, execution, and outcome 

prediction. It will address the challenges and limitations of integrating AI into the field, while also considering 

future advancements that could enhance patient care [16]. As AI technology progresses, its role in endodontics 

are expected to expand, offering more precise, personalized, and efficient treatment options [17]. The research 

will examine AI's benefits and practical applications, particularly in areas like prognosis prediction, root canal 

failures, vertical root fractures, root morphology, and diagnosing pulpal diseases and periapical lesions. By 

synthesizing findings, the goal is to provide an up-to-date understanding of AI’s potential to improve the 

accuracy, efficiency, and accessibility of endodontic care, ultimately guiding the development of AI models 

tailored to the unique challenges of the field [18]. 

 

II. Methodology 
Research Design 

This study employs a qualitative systematic review methodology to analyze the role of AI in 

diagnosing endo-perio lesions. A comprehensive review of existing literature was conducted to synthesize 

findings related to AI applications, machine learning models, and deep learning frameworks in endodontics. 

 

Data Collection 

Relevant studies were identified through systematic searches in databases such as PubMed, Scopus, 

Web of Science, and IEEE Xplore. The search strategy included keywords such as "Artificial Intelligence in 

Endodontics," "Machine Learning in Dental Diagnosis," "Deep Learning for Endo-Perio Lesions," and "AI in 

Root Canal Therapy." The inclusion criteria consisted of peer-reviewed journal articles, conference papers, and 

systematic reviews published in the last decade. Articles that lacked empirical data or did not focus on AI 

applications in endodontics were excluded. 
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Data Analysis 

A thematic analysis approach was used to categorize and interpret findings. Extracted data were classified into 

the following themes: 

1. AI Applications in Diagnosis: Studies examining the role of AI in identifying periapical and periodontal 

lesions using radiographic imaging. 

2. Predictive Accuracy of AI Models: Assessment of machine learning algorithms such as CNN, ANN, and 

Support Vector Machines (SVM) in diagnosing endodontic and periodontal diseases. 

3. Clinical Integration of AI: Evaluation of AI’s role in decision support systems and treatment planning. 

4. Challenges and Limitations: Identification of barriers such as data privacy concerns, algorithm bias, and 

ethical considerations in AI implementation. 

 

Ethical Considerations 

Since this study is based on secondary data, no direct patient involvement was required. However, 

ethical guidelines for data handling and privacy were adhered to by considering studies compliant with Health 

Insurance Portability and Accountability Act (HIPAA) and General Data Protection Regulation (GDPR) 

regulations. The review process ensured transparency and objectivity by minimizing bias in study selection and 

interpretation. 

 

Reliability and Validity 

To ensure the reliability and validity of the findings, cross-referencing with multiple sources was 

conducted. The selected studies underwent quality assessment using the QUADAS-2 tool to evaluate their 

methodological rigor. Studies with high risk of bias were excluded to maintain credibility and reliability in the 

results. 

 

Limitations 

This study is limited to secondary data analysis and does not include real-time AI model validation in 

clinical settings. Furthermore, the scope is restricted to AI applications in endodontics and periodontal 

diagnosis, excluding broader aspects of dental AI innovations 

 

III. Discussion: 
Endodontics, a rapidly evolving field, is witnessing a transformative shift with the integration of AI. 

Central to this revolution is the development of CNN, which have substantially improved diagnostic accuracy 

and treatment planning [19]. By automating complex tasks such as identifying intricate root canal anatomy, 

detecting detect vertical root fractures, predicting pressure during canal preparation, and recognizing 

abnormalities in radiographic images, AI has enhanced the precision of diagnoses and the customization of 

treatment regimens [20]. This technological advancement directly translates to improved patient outcomes, as 

endodontists can now rely on more accurate data to inform their decisions [21]. 

 

Enhanced diagnostic accuracy with AI-assisted imaging: AI significantly impacts diagnostic accuracy, 

particularly when paired with advanced imaging technologies like Cone Beam Computed Tomography (CBCT) 

[22]. Traditional 2D radiographs often fail to detect early-stage lesions, whereas AI-enhanced CBCT scans can 

achieve up to 93% accuracy in identifying periapical lesions and fractures [23]. This improvement is especially 

valuable in underserved areas where radiologists are scarce. Furthermore, AI's ability to detect vertical root 

fractures with a sensitivity rate of up to 97% has revolutionized diagnosis, minimizing unnecessary tooth 

extractions and improving patient care [24]. AI also aids in detecting early-stage cracks, a common cause of 

tooth decay, further enhancing early intervention and preventing tooth loss [25]. 

 

AI’s role in treatment planning and workflow optimization: 

AI is increasingly central in enhancing treatment planning in endodontics by offering a higher level of precision 

and efficiency.  

Personalized treatment protocols: AI algorithms analyze patient data, such as medical histories, diagnostic 

images, and clinical goals, to predict the most effective treatment plans. This results in a more personalized 

approach that aligns with each patient’s unique characteristics [25]. 

3D modeling for root canal treatment: AI can generate highly detailed 3D models, allowing endodontists to 

better understand root canal morphology, measure curvatures, and identify variations in canal structures. This 

detailed visualization reduces human error and enhances the precision in procedures like determining working 

length, which is critical to the success of root canal therapy [26]. 

Predicting treatment success: AI’s ability to forecast the success rates of treatments, including root canal 

retreatments and microsurgeries, aids clinicians in making informed decisions. AI models have demonstrated 
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accuracy rates of up to 80% in predicting treatment outcomes, reducing the risk of unnecessary procedures and 

improving treatment success rates [27]. 

 

Predictive power of AI in post-treatment management: 

AI’s potential extends beyond treatment planning into post-treatment management, where it can predict patient 

recovery and outcomes: 

Postoperative pain prediction: Using tools like ANNs, AI systems can predict the level of postoperative pain a 

patient might experience. This allows clinicians to better prepare patients for recovery, managing pain relief and 

expectations effectively. 

Retreatment success prediction: AI algorithms, including XGBoost and random forest models, improve the 

prediction of endodontic retreatment outcomes. These models boast success prediction rates as high as 84.4%, 

helping clinicians decide whether a tooth requires retreatment or extraction, minimizing unnecessary 

interventions and boosting patient satisfaction [28]. 

 

Overcoming challenges in AI integration 

While AI in endodontics presents great promise, there are several challenges to overcome: 

Data privacy and security: AI tools require access to sensitive patient data. Ensuring compliance with 

regulations such as Health Insurance Portability and Accountability Act (HIPAA) and General Data Protection 

Regulation (GDPR) is essential to safeguard patient confidentiality and avoid data breaches. 

Integration into clinical workflow: AI’s seamless integration into existing clinical workflows can be 

challenging. Practices must adapt their infrastructure, and clinicians need proper training to use these tools 

effectively without disrupting day-to-day operations [29]. 

Continuous learning and updates: AI systems require regular updates and retraining to incorporate new 

medical knowledge and treatment protocols. This necessitates ongoing investments in data collection and 

technical support to maintain the effectiveness of AI tools. 

Reliability and accountability: AI is a tool to support clinicians, not replace them. In cases where AI makes an 

incorrect recommendation, clear guidelines are needed regarding accountability. Clinicians must ensure that 

they apply AI insights thoughtfully, maintaining patient safety and optimal decision-making [30] [Figure 1]. 

 

 
Figure 1: AI Integration in Endodontics: Impact and Challenges 

 

Ethical decision-making: AI tools must respect patient autonomy and informed consent. Ethical concerns arise 

when AI recommendations conflict with a clinician’s judgment or patient preferences. Clinicians must be 

transparent about AI's role in diagnosis and treatment planning to preserve trust in the healthcare process [31]. 

[Table 1] summarizes the main points and findings of literature reviews on AI's applications in predicting 

outcomes and improving endodontic treatments. 
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                 Table 1: AI Applications in Predicting Endodontic Outcomes 

Study/Author(s) 
 

Objective/Focus 
 

Methodology 
 

Key Findings 
 

Conclusion/Implication

s 
 

       Arias Aet al. 

[32] 

Investigate AI in 
working length 

determination during 

procedures 
 

Deep learning with 
radiographs and apex 

locator data 
 

AI achieved higher 
accuracy than manual 

methods in working 

length determination 
 

AI improves precision in 
determining working 

length 
 

Lussi A et al [33] 
 

Study AI for 

predicting root canal 

treatment 
complications 

 

Neural network 

models applied to 

patient records and 
treatment outcomes 

 

AI predicted 

complications with 

high accuracy (85-
90%) 

 

AI can predict 

complications early, 

aiding pre-treatment 
planning 

 

Brunton, P.A et al [34] Evaluate the role of 

AI in root canal 

treatment success 

prediction 
 

Retrospective analysis 

with AI, utilizing 

CBCT images for 

training 
 

AI-based models 

identified key factors 

influencing root canal 

success 
 

AI can predict treatment 

outcomes based on 

anatomical factors 
 

Mosleh Hamid et al. 

[35] 
 

Analyze AI-based 
models for predicting 

post-treatment 

complications 

 

Machine learning 
algorithms (ANNs, 

SVM) applied to 

clinical data 

 

AI models show up to 
80% prediction 

accuracy for post-

operative pain 

 

AI enhances predictive 

ability in patient treatment 

planning 

Razavian Hamidet al. 

[36] 

Explore AI's role in 

vertical root fracture 
detection 

 

CNN-based image 

analysis on CBCT 
scans 

 

AI-based systems 

detect vertical root 
fractures with high 

sensitivity and 

specificity 
 

AI systems aid in early 

diagnosis of vertical root 
fractures 

 

de Gregorio Cet al. 

[37] 

Apply wavelet 

analysis with machine 
learning for 

diagnosing vertical 

root fractures 
 

CBCT images with 

wavelet analysis and 
neural networks 

 

Wavelet analysis 

enhanced detection of 
vertical root fractures 

 

Combining wavelet 

analysis and AI 
improves vertical root 

fracture detection 

accuracy 
 

Kim, E.et al. 

[38] 

Investigate AI for 

decision support in 

endodontic 
retreatments 

 

Case-Based 

Reasoning (CBR) 

system for 
retreatment decision-

making 
 

CBR showed 84% 

accuracy in predicting 

retreatment success 
 

CBR can help 

endodontists decide 

whether to perform 
retreatment 

 

Sahni Aet al. 

{39] 
 

Review AI applications 

in endodontic diagnosis 
and treatment 

Systematic review of 

AI studies in 
endodontics 

High variability in AI 
model accuracy, but 

promise for improving 

diagnosis 

Standardized protocols 

needed for consistent AI 
outcomes 

 

Future prospects of AI in endodontics: 

 

Looking ahead, the role of AI in endodontics is expected to expand in exciting ways: 

Enhanced diagnostic accuracy: As AI systems evolve, they will become more adept at detecting endodontic 

issues earlier and more precisely, potentially preventing invasive treatments by identifying problems like 

infections or root fractures in their early stages. 

Personalized treatment plans: AI could further refine personalized treatment recommendations, integrating a 

patient’s full medical history, genetic data, and the latest clinical findings to optimize success rates and patient 

outcomes [40, 41]. 

Robotic-assisted procedures: With advancements in AI-driven robotics, root canal treatments and other 

endodontic procedures could become more precise and efficient. Automation may reduce human error and 

shorten recovery times, increasing overall treatment efficiency. 

Post-treatment monitoring: AI could take a leading role in monitoring recovery after treatments. It could 

analyze follow-up diagnostic images to track healing progress and detect complications early, prompting timely 

intervention when necessary. 
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Education and training: AI-powered virtual reality simulations and real-time feedback tools can help 

clinicians refine their skills, especially for complex procedures. AI could revolutionize the way dental 

professionals are trained, ensuring they stay updated with the latest techniques. 

Collaborative AI systems: AI will likely evolve to become a collaborative tool that works alongside clinicians 

rather than replacing them. By integrating AI-driven insights with human expertise, the two can complement 

each other to optimize patient care, creating a more efficient and effective clinical workflow [42-45] [Figure 2]. 

 

 
Figure 2: Distribution of impact across different innovations in dentistry 

 

IV. Conclusion: 
AI is on the verge of revolutionizing endodontics, with the potential to dramatically enhance diagnostic 

accuracy, personalized treatment plans, and procedural efficiency. By harnessing the power of AI, endodontists 

can achieve more precise diagnoses, tailor treatments to the individual, and streamline procedures, leading to 

improved outcomes and a higher standard of patient care. This transformative technology will allow clinicians 

to make informed decisions faster and more accurately, ultimately raising the level of practice. However, the 

journey toward integrating AI into clinical settings is not without its hurdles. Critical challenges such as data 

security, aligning with established workflows, and navigating ethical concerns must be addressed to ensure that 

AI reaches its full potential. Ensuring AI tools comply with stringent privacy regulations and integrate smoothly 

with existing systems is essential for broader adoption and effectiveness. Despite these hurdles, the future of AI 

in endodontics is incredibly bright. As AI technology advances, it will become an essential tool in endodontic 

practices, reducing human error, optimizing workflows, and providing innovative solutions to long-standing 

challenges. In the end, AI will not only enhance patient care and improve clinical outcomes but will also pave 

the way for a new era in dental practice—one that is more precise, efficient, and patient-centered than ever 

before. 
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