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Abstract: Artificial intelligence (AI) has emerged as a powerful tool capable of simulating human reasoning to improve 

prediction and decision-making in healthcare. In dentistry, particularly in endodontics, AI is increasingly being utilized 

for its high precision in diagnosing and forecasting dental conditions. This technology has the potential to enhance 

treatment accuracy and improve clinical outcomes. Despite its promise, the routine use of AI in clinical practice still 

requires validation in terms of its dependability, practical implementation, and cost-efficiency. This review focuses on 

examining the existing roles of AI in endodontics and considers its future potential in transforming endodontic care. 
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I. INTRODUCTION 

 

Endodontics is a specialized branch of dentistry 

concerned with the etiology, diagnosis, prevention, and 

treatment of diseases and injuries involving the dental pulp 
and periapical tissues. It primarily focuses on root canal 

therapy, retreatments, endodontic surgeries, and 

management of dental trauma. Root canal treatments are 

particularly complex, requiring precise knowledge of root 

canal anatomy, effective disinfection, and complete 

obturation to ensure long-term success. Clinical outcomes 

are heavily dependent on accurate diagnosis, radiographic 

interpretation, and the clinician’s ability to navigate 

challenging anatomies and pathological conditions.[1] 

 

Despite advances in imaging, materials, and 
instrumentation, challenges remain in achieving consistently 

high success rates in endodontic procedures. Diagnostic 

errors, anatomical variations, missed canals, and treatment 

planning inconsistencies contribute to failures.[2] These 

complexities have created an opportunity for advanced 

technologies, particularly Artificial Intelligence (AI), to 

support and enhance decision-making in endodontic 

practice. 

 

Artificial Intelligence (AI) refers to the simulation of 

human intelligence by machines that are capable of 

performing tasks such as reasoning, learning, pattern 
recognition, and problem-solving. Within healthcare, AI 

encompasses subfields like machine learning (ML), deep 

learning (DL), natural language processing (NLP), and 

computer vision, each enabling different levels of data 

interpretation and automation.[3] These technologies have 

shown transformative potential in radiology, pathology, and 

personalized medicine, and are now increasingly being 

applied across various dental disciplines, including 

endodontics.[4] 

 

In endodontics, AI is proving to be a powerful tool in 
diagnostic radiology, predictive modelling, and clinical 

decision support. One of its most notable applications is in 

radiographic interpretation, where AI models—particularly 

Convolutional Neural Networks (CNNs)—have 

demonstrated high accuracy in detecting periapical lesions, 

evaluating root canal morphology, and assessing obturation 

quality in digital periapical and cone-beam computed 
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tomography (CBCT) images.[5] AI-based segmentation tools 

are also assisting in the automatic detection of root fractures, 

missed canals, and other critical anatomical features, 

improving diagnostic efficiency and reducing interobserver 

variability.[6] 

 

Another growing field is the use of AI in prognostic 

analysis. By analysing clinical, demographic, and procedural 
data, machine learning algorithms can predict the likelihood 

of treatment success or failure, helping clinicians to make 

more informed treatment choices. This is particularly useful 

in retreatment cases and for identifying patients at higher 

risk for complications.[7] 

 

AI is also making strides in endodontic education and 

training. Intelligent virtual simulation platforms and 

automated feedback systems are enabling dental students to 

practice complex procedures in realistic environments while 

receiving tailored, data-driven feedback on their 

performance. [8] These tools contribute to the development of 
clinical competence and improve standardization in dental 

training. Moreover, AI's potential to streamline workflow 

and clinical documentation through voice- assisted charting, 

automatic image annotation, and decision support systems is 

contributing to greater efficiency in practice management. 

As AI continues to evolve, its integration with electronic 

dental records and digital imaging platforms is expected to 

further enhance clinical productivity and patient outcomes.[9] 

 

This article aims to provide a comprehensive review of 

the current applications of artificial intelligence in 
endodontics, including its use in diagnosis, treatment 

planning and execution, and outcome prediction. It also 

discusses emerging AI technologies that may enhance future 

treatment outcomes for patients. 

 

II. KEY ELEMENTS IN ARTIFICIAL 

INTELLIGENCE 

 

Understanding the fundamental components of 

modern artificial intelligence (AI) systems is essential for 

gaining a comprehensive insight into the field. 

 
 Machine Learning (ML) is a central component of AI 

that involves statistical models and algorithms that 

enable computers to learn from and make predictions on 

data without being explicitly programmed. It is 

categorized into: 

 

 Supervised learning: Learning from labelled data to 

predict outcomes. 

 

 Unsupervised learning: Discovering patterns in 

unlabelled data. 
 

 Reinforcement learning: Learning through interaction 

and feedback from the environment.10 

 

 Deep Learning (DL) is a subfield of ML that uses neural 

networks with many layers (deep neural networks). 

These models are capable of automatically learning high-

level features from raw data, making them particularly 

effective for tasks like speech recognition, image 

classification, and autonomous driving. Deep learning 

systems require large amounts of data and computational 

power, often supported by GPUs and cloud-based 

platforms. [11,12] 

 

 Data Science is the interdisciplinary field that combines 
computer science, statistics, and domain-specific 

knowledge to extract insights from data. It plays a critical 

role in AI development by preparing and analysing data 

for training machine learning models. Key tasks in data 

science include data cleaning, exploratory data analysis 

(EDA), feature engineering, and data visualization.[12] 

 

 
Fig 1 Key Elements in Artificial Intelligence[7] 

 

 Big Data refers to data sets that are large, complex, and 

generated at high speed. The concept is often 

characterized by the five Vs: Volume, Velocity, Variety, 

Veracity, and Value. AI systems depend on big data to 

improve accuracy and make more informed predictions. 

Technologies such as Hadoop, Spark, and cloud-based 
analytics platforms are commonly used to handle big 

data.[14,15] 

 

III. OPERATING MECHANISM OF 

ARTIFICIAL MODELS 

 

Artificial Intelligence (AI) systems typically function 

through two key phases: training and testing. 

 

In the training phase, models are built using historical 

data—such as annotated images or patient records—to learn 
patterns and adjust internal parameters using optimization 

algorithms. The aim is to minimize prediction errors and 

generalize well to unseen inputs. [16] Following this, the 

testing phase evaluates the model's performance on new data 

to measure how accurately it can make predictions outside 

its training set, using metrics like accuracy and F1-score. 

 

Earlier AI systems were often viewed as “black boxes,” 

producing results without insight into how those outcomes 

were reached (see Figure 2a). This lack of transparency 

posed risks, especially in critical fields like medicine or 
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finance.[17] However, modern AI models increasingly 

incorporate interpretability. Tools such as LIME, SHAP, and 

saliency maps now help visualize which input features 

contributed to a model’s decision. For example, when 

identifying an image of a cat, the model can generate a 

heatmap highlighting relevant features like ears or eyes, 

rather than background elements (see Figure 2[b]).[18] Such 

interpretability enhances trust and safety, ensuring AI 

decisions are based on meaningful data features, not 

irrelevant noise. This is crucial for responsible use in high-

stakes environments, where understanding AI reasoning 

supports transparency, accountability, and user 

confidence.[19] 

 

 
Fig 2 Mechanism of Artificial Models (a) Black Box Identifies Image as “cat’’ 

(b)Image Classified as Cat because of Cat’s Ear & Nose. 

 

IV. WORKING PRINCIPLE OF AI IN 

ENDODONTICS 

 

In the field of endodontics, artificial intelligence 

functions by evaluating extensive collections of dental 

images and clinical data to improve diagnostic accuracy 

and treatment planning. Using machine learning 

techniques, AI can interpret X-rays and cone-beam 

computed tomography (CBCT) scans to detect patterns and 
abnormalities related to pulp disorders or root canal 

conditions. [20] 

 

Neural networks further assist by identifying subtle 

details such as fractures or lesions that might escape human 

detection. In addition to diagnosis, AI tools can forecast 

treatment results and offer customized therapeutic 

suggestions. As these systems are exposed to more data over 

time, their predictive accuracy increases, empowering 

endodontists to make better-informed decisions and deliver 

more targeted, effective care. [21] 

 

V. VARIOUS APPLICATION OF 

AI IN ENDODONTICS 

 

In dentistry, and more specifically endodontics, AI 

applications are rapidly expanding. It significantly enhances 

clinical precision and efficiency. Deep learning algorithms 

have demonstrated superior performance in detecting apical 

lesions, root fractures, and complex canal morphologies 

from radiographs and CBCT scans improving diagnostic 

accuracy beyond what may be visible to the human eye.[22] 

AI tools can estimate working length and identify canal 

curvature, assisting practitioners in performing safer and 

more effective root canal procedures. Additionally, machine 

learning systems are capable of evaluating pre- and post-

operative radiographs to assess healing and detect potential 
failures. In treatment planning, AI applications can integrate 

clinical data and imaging findings to suggest optimal 

intervention strategies, reducing uncertainty and increasing 

procedural confidence. [23,24] 

 

Beyond clinical functions, AI-driven platforms 

streamline the administrative side of endodontic practice, 

from generating personalized patient reports to managing 

treatment schedules and insurance claims. Patient-facing 

technologies, such as AI chatbots, offer instant responses to 

common questions, provide aftercare instructions, and 
schedule follow-ups contributing to better patient education 

and adherence.[25] 

 

AI also plays a growing role in dental education and 

training, where virtual simulations and diagnostic challenges 

supported by AI can help dental students and professionals 

refine their skills. Overall, the integration of AI into 
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endodontics and broader dental practice fosters a more 

accurate, efficient, and patient-centered approach to care.[26] 

As these technologies continue to evolve, AI is expected to 

support even more sophisticated diagnostics, predictive 

analytics, and personalized treatments redefining the 

standards of dental care and transforming both patient and 

provider experiences.[27] 

 
 AI in Diagnosis 

AI-driven diagnostic systems, particularly those 

leveraging deep learning and convolutional neural networks 

(CNNs), can process and interpret complex imaging data 

such as periapical radiographs, panoramic X-rays, and cone-

beam computed tomography (CBCT) scans. These tools are 

trained on vast datasets containing thousands of labelled 

images, which allows them to learn patterns associated with a 

wide range of dental pathologies. As a result, AI systems are 

capable of identifying early signs of conditions such as 

pulpitis, dental caries, apical periodontitis, vertical root 

fractures, bone loss, and other periapical or periodontal 
lesions—sometimes even before they become clinically or 

radiographically obvious to human observers.[28] 

 

One of the key advantages of AI in diagnosis is its 

ability to minimize inter-observer variability and reduce 

diagnostic errors due to fatigue, oversight, or inexperience. 

By functioning as a decision- support system, AI enhances 

clinicians’ diagnostic confidence and helps ensure that 

subtle or rare anomalies are not overlooked.[29] For example, 

in a landmark study by Lee et al., a deep learning- based 

CNN model was developed and tested using 4,129 annotated 
periapical radiographs. The AI system demonstrated high 

accuracy in detecting dental caries and periapical 

inflammation, performing comparably to experienced human 

examiners. This study exemplifies how AI is not only 

augmenting diagnostic capability but also standardizing 

evaluation criteria across clinical settings.[30] 

 

Furthermore, AI models integrated into diagnostic 

platforms can provide real-time analysis, highlighting 

suspect regions on dental images and offering preliminary 

assessments that assist clinicians in making faster, more 

informed decisions. Some AI tools also employ heatmaps or 
saliency maps to visually indicate areas of concern, thus 

improving transparency and interpretability—a critical 

factor in earning practitioner trust. [31,32] 

 

As research progresses, AI diagnostic systems are 

expected to evolve from simple binary classifiers to multi-

class, multi-label models capable of simultaneously 

identifying multiple conditions with high specificity and 

sensitivity. In the near future, such systems may also 

integrate clinical data, patient history, and genetic markers, 

enabling a more comprehensive, holistic approach to 
diagnosis.[33] 

 

 Assessment of Root Canal Morphology 

A thorough understanding of root canal morphology is 

essential for the success of non-surgical root canal 

treatments. Failure to detect and treat all canals, especially 

accessory or aberrant canals, is a common cause of 

endodontic failure. Artificial Intelligence (AI), particularly 

through deep learning algorithms applied to cone-beam 

computed tomography (CBCT) scans, has shown 

considerable promise in aiding clinicians in the accurate 

identification of complex root canal systems.[34] 

 

AI-assisted analysis of dental imaging can detect subtle 

anatomical variations and enhance the visibility of elusive 
structures, such as secondary canals. A critical 

example of this is the mesiobuccal-2 (MB2) canal in 

maxillary molars, which is frequently missed during 

conventional treatment due to its small size or atypical 

positioning. In a study by Albitar et al., 57 anonymized 

CBCT scans of previously treated maxillary molars were 

analyzed using AI-driven tools to identify the presence of 

unobturated MB2 canals. [35] The system demonstrated a 

high level of accuracy in detecting both filled and unfilled 

MB2 canals, underscoring the potential of AI in enhancing 

diagnostic reliability in endodontics. [34,35] 

 
Despite its advantages, AI in root canal morphology 

assessment still faces technical challenges. Artifacts from 

metallic restorations or endodontic materials, canal 

calcification, and highly complex canal anatomies can 

obscure radiographic features, thereby affecting the 

performance of AI models. These factors introduce noise 

and ambiguity that may lead to false positives or missed 

detections. [36] 

 

Moreover, variation in image quality and resolution 

across different CBCT machines can impact the 
generalizability of AI systems, requiring robust training 

datasets and algorithmic adaptability. Nevertheless, ongoing 

advancements in imaging technology and algorithm 

development—such as artifact reduction techniques, multi-

view data fusion, and 3D convolutional neural networks—

are expected to enhance the accuracy and clinical utility of 

AI in this domain.[37] With further refinement and 

integration into diagnostic workflows, AI could play a 

pivotal role in improving root canal detection rates, thereby 

supporting more predictable and successful endodontic 

outcomes. 

 
 Caries Detection 

Visual examination remains the most employed 

method for detecting dental caries. It is widely preferred due 

to its simplicity and reasonable diagnostic accuracy. 

However, despite its popularity, this method is prone to 

subjective variability clinicians often arrive at different 

diagnoses under similar conditions, highlighting a key 

limitation in consistency and reliability.[38] 

 

To address this challenge, Artificial Intelligence (AI) 

has emerged as a promising tool in caries detection. 
Currently, three primary AI-based techniques have been 

proposed: 

 

 Image-Based Caries Detection Using AI: Utilizes deep 

learning and image processing algorithms to identify 

carious lesions from intraoral photographs, radiographs, 

or other imaging modalities with enhanced precision. 
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 AI-Assisted Caries Risk Assessment: Involves 

predictive modeling using patient data (e.g., diet, oral 

hygiene habits, socioeconomic factors) to estimate the 

likelihood of caries development. 

 Integration of AI with Computer-Aided Diagnosis 

(CAD) Systems: Combines AI algorithms with CAD 

technologies to provide real-time diagnostic support and 

reduce human error. [38] 
 

 Working Length Determination 

Accurate determination of working length (WL) is a 

key factor in ensuring the success of root canal therapy. 

Errors in estimating WL may result in over-instrumentation 

past the apical foramen, which can cause postoperative flare-

ups, foreign body reactions in the periapical tissues, and 

incomplete removal of microorganisms from the canal 

system.[39] 

 

Traditional techniques for determining WL such as 

radiographic analysis, tactile sensation, and patient feedback 
using paper points or endodontic files are commonly used, 

though they are not always precise. Although digital systems, 

including apex locators and enhanced radiographic imaging, 

have improved the detection of the apical foramen, these 

methods can still be prone to human error or image 

interpretation limitations.[40] 

 

As a result, researchers have begun exploring the role 

of Artificial Neural Networks (ANN) in enhancing WL 

accuracy. In a study by Saghiri et al. ANNs demonstrated a 

high level of precision in identifying the apical foramen on 
radiographs, thereby supporting more consistent and reliable 

WL determinations.[41] Furthermore, integrating AI with 

real-time imaging tools and electronic apex locators could 

potentially automate the WL measurement process, reduce 

operator variability, and improve the predictability of 

endodontic outcomes. As AI systems continue to evolve 

through machine learning, their diagnostic and predictive 

performance in endodontics is expected to further enhance 

clinical efficiency and treatment success. [40,41] 

 

VI. ADVANTAGES OF ARTIFICIAL 

INTELLIGENCE IN ENDODONTICS 

 

Artificial intelligence brings transformative benefits to 

the field of endodontics, chiefly by boosting the precision of 

diagnoses and enhancing the overall efficiency of treatment 

procedures. By employing AI to meticulously analyses 

radiographs and CBCT scans, endodontists can significantly 

reduce human errors and minimize the chances of 

misdiagnosis. This reliable accuracy not only accelerates the 

diagnostic process but also shortens the time needed for 

treatment planning, ultimately decreasing patient wait times 

and improving workflow in busy clinical settings.[40] 
Moreover, AI’s ability to process and learn from vast 

amounts of clinical data enables the generation of 

personalized treatment plans that are informed by historical 

case outcomes. This data- driven approach helps clinicians 

select the most effective intervention strategies, thereby 

increasing the likelihood of treatment success and patient 

satisfaction.[42] Beyond clinical practice, AI also plays a 

crucial role in dental education and professional 

development. It assists students and practitioners in 

interpreting a wide variety of dental pathologies, offering 

valuable insights that enhance diagnostic skills and deepen 

understanding. Interactive AI-based learning tools and 

simulations allow learners to experience diverse clinical 

scenarios, accelerating their proficiency and confidence. [43] 

 
 Additional Benefits Include: 

 

 Consistency and Objectivity: AI provides standardized 

assessments that are not influenced by fatigue or 

subjective judgment, ensuring consistent quality of care. 

 Early Disease Detection: AI algorithms can identify 

subtle signs of disease progression earlier than 

conventional methods, allowing timely intervention. 

 Resource Optimization: By automating routine 

diagnostic tasks, AI frees up clinicians to focus on 

complex decision-making and patient interaction. 

 Continuous Improvement: AI systems adapt and improve 

over time as they incorporate new data, enhance 

diagnostic accuracy and treatment recommendations 

with ongoing use. 

 

Overall, AI’s integration into endodontics heralds a 

new era of precision, efficiency, and personalized care, 

benefiting both practitioners and patients alike. [44] 

 

VII. IMPACT OF AI 

 

Artificial intelligence is profoundly transforming the role 
of endodontists by boosting the accuracy of diagnoses and 

optimizing treatment strategies. By automating routine and 

repetitive tasks such as image analysis and record keeping 

AI frees endodontists to concentrate on more complex 

clinical decisions and patient care.[45] 

 

The reduction of human error through AI-assisted 

evaluation improves the reliability of diagnoses and 

treatment outcomes. Furthermore, AI acts as an intelligent 

decision-support system by analyzing extensive clinical data, 

thereby enabling more evidence- based and personalized 
care. Overall, AI enhances clinical efficiency, elevates 

treatment quality, and supports endodontists in delivering 

superior patient care. [44,45] 

 

VIII. FUTURE ASPECT OF AI 

 

Looking ahead, AI is poised to revolutionize 

endodontic practice by increasing both precision and 

personalization in patient management. Its advanced 

algorithms can detect subtle dental anomalies often missed 

by human observation, leading to earlier diagnosis and 

better prognosis.[46] 
 

By integrating patient-specific information such as 

genetic factors, medical history, and lifestyle habits.AI can 

recommend customized treatment plans that improve 

therapeutic success and patient satisfaction. In education, 

AI-powered simulations and virtual training modules 

offer valuable opportunities for dental students and 
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practitioners to refine their skills in a risk-free environment. 

Emerging technologies like augmented reality (AR) and 3D 

printing combined with AI have the potential to enable 

minimally invasive and highly precise endodontic 

procedures.[47] Moreover, AI streamlines clinical workflows 

by automating administrative duties and enhancing patient 

communication through intelligent assistants. However, the 

widespread adoption of AI also calls for rigorous attention 
to ethical considerations, especially data privacy, informed 

consent, and algorithmic transparency, to build and maintain 

patient trust and comply with healthcare regulations. [48] 

 

IX. CONCLUSION 

 

AI is transforming endodontics by enhancing 

diagnostic accuracy, personalizing treatment approaches, 

and improving clinical workflows. Its ability to analyze vast 

and complex data sets leads to more precise diagnoses and 

tailored therapies, ultimately elevating patient outcomes. 

Additionally, AI facilitates more efficient practice 
management and offers innovative educational tools. 

Despite these advantages, addressing ethical challenges such 

as patient data protection and maintaining transparency in 

AI decision-making is vital. Balancing technological 

innovation with ethical responsibility, AI can be safely 

integrated into endodontic practice, heralding a new era of 

advanced, patient-centered dental care. 

 

Nevertheless, the integration of AI into endodontics is 

not without limitations. Challenges related to data quality, 

algorithm transparency, ethical considerations, and clinical 
validation remain. For AI to be reliably used in practice, 

robust datasets, interdisciplinary collaboration, and 

regulatory oversight are essential to mitigate risks and 

ensure safe deployment. 
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