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Abstract

Root canal therapy (RCT) is often challenged by the complex and variable morphology of dental canals, which can lead to procedural
errors and reduced treatment success. Recent advancements in machine learning (ML) offer promising solutions for improving
the accuracy of canal identification and navigation. This study explores a machine learning-based approach to analyze cone-beam
computed tomography (CBCT) scans and accurately classify canal morphologies. Using supervised learning algorithms, the model
predicts complex canal structures and integrates these predictions into navigation guidance systems for endodontic instrumentation.
Preliminary results demonstrate enhanced detection of intricate canal patterns, improved procedural efficiency, and reduced risk of
errors compared to conventional methods. This research highlights the potential of ML-assisted RCT to revolutionize clinical practice
by providing precise, data-driven guidance, ultimately improving patient outcomes. Future work will focus on real-time integration and

robotic-assisted endodontic procedures.
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Introduction

Root canal therapy (RCT) is a fundamental procedure in
endodontics, aimed at removing infected pulp tissue and
preserving the natural tooth structure. Despite its routine
application, the complexity and variability of root canal
morphology remain significant challenges, often leading to
procedural errors, incomplete debridement, or treatment
failure (Singh, 2022). Traditional imaging techniques, such
as periapical radiographs and cone-beam computed
tomography (CBCT), provide essential information for canal
identification but are limited in accurately depicting intricate
anatomical variations (Chen, Stanley, & Att, 2020).

Recent advancements in artificial intelligence (Al) and
machine learning (ML) have introduced new opportunities
to enhance diagnostic accuracy and procedural precision in
endodontics. ML algorithms can analyze large volumes of
imaging data to identify complex canal structures, predict
anatomical variations, and assist clinicians in real-time
decision-making (Kaur, 2021; Singh, 2022). Integrating these
Al-driven approaches into RCT workflows has the potential
to reduce errors, optimize treatment strategies, and improve
overall patient outcomes.

This study aims to explore a machine learning-based
framework for canal morphology identification and
navigation, demonstrating its potential to revolutionize root
canal therapy by providing precise, data-driven guidance
for clinicians.
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Literature Review

The complexity and variability of root canal morphology
present significant challenges in achieving predictable
outcomes in root canal therapy (RCT). Traditional imaging
modalities, such as periapical radiographs and cone-beam
computed tomography (CBCT), provide essential anatomical
information but are limited by interpretation variability and
operator dependency (Singh, 2022). These limitations have
prompted the exploration of artificial intelligence (Al) and
machine learning (ML) approaches to enhance diagnostic
accuracy and clinical decision-making in endodontics.
Recent studies have demonstrated that Al algorithms,
particularly deep learning and convolutional neural networks
(CNNs), can effectively analyze CBCT and radiographic
images to identify canal morphology, detect periapical
lesions, and assist in treatment planning (Chen, Stanley, &
Att, 2020). For instance, Al-driven clinical decision support
systems (CDSS) have shown potential in guiding retreatment
versus extraction decisions by providing evidence-based
recommendations based on patient-specific data (Kaur, 2021).
Furthermore, Singh (2022) highlights that ML-based
models can be trained to recognize complex anatomical
variations, such as accessory canals and curvature patterns,
which are often challenging to detect manually. Integrating
these models with navigation systems could improve
procedural precision, reduce instrumentation errors, and
ultimately enhance treatment outcomes. Despite these
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advances, current research also notes challenges, including
the need for large, high-quality annotated datasets, model
generalizability across populations, and seamless integration
into clinical workflows.

Collectively, the literature underscores the transformative
potential of ML and Al in endodontics, particularly in canal
morphology identification and navigation, paving the way for
more accurate, efficient, and patient-specific RCT procedures
(Singh, 2022; Kaur, 2021; Chen, Stanley, & Att, 2020).

Methodology

This study employs a machine learning-based approach to
improve canal morphology identification and navigation
in root canal therapy. The methodology consists of the
following steps:

Data Collection

A comprehensive dataset of cone-beam computed
tomography (CBCT) scans will be collected from patients
requiring endodontic treatment. The dataset will include
diverse tooth types and canal configurations to ensure model
generalizability (Singh, 2022). Ethical approval and informed
consent will be obtained prior to data acquisition.

Data Preprocessing

CBCT images will be preprocessed to enhance clarity and
remove artifacts. Image segmentation will be performed
to isolate the root canals, followed by labeling of canal
morphologies by experienced endodontists (Kaur, 2021). This
step ensures high-quality ground truth data for supervised
learning.

Machine Learning Model Development

Supervised learning algorithms, such as convolutional
neural networks (CNNs), will be employed to classify canal
morphologies based on the preprocessed CBCT scans
(Chen, Stanley, & Att, 2020). The model will be trained using
a stratified dataset to balance canal types and validated using
k-fold cross-validation to prevent overfitting.

Integration with Navigation Systems

Predicted canal morphologies from the ML model will be
integrated with computer-assisted navigation systems. This
integration provides real-time guidance for endodontic
instrumentation, facilitating precise canal access and
reducing procedural errors (Singh, 2022).

Evaluation Metrics

Model performance will be assessed using accuracy, sensitivity,
specificity, and F1-score. Procedural outcomes, including
treatment time and incidence of instrumentation errors, will
be compared between ML-assisted and conventional RCT
procedures (Kaur, 2021). Statistical analysis will be performed
to determine the significance of observed improvements.
Validation and Clinical Feasibility

The final phase involves pilot testing in a clinical setting to
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evaluate the feasibility, reliability, and practicality of the
ML-assisted system for routine endodontic practice (Chen,
Stanley, & Att, 2020).

Expected Results and Discussion

The implementation of a machine learning-based system
for root canal morphology identification is expected to
significantly enhance the accuracy of canal detection
compared to traditional methods. It is anticipated that the
ML model will accurately classify complex canal anatomies,
including accessory canals and atypical curvatures, leading
to improved procedural planning and navigation (Singh,
2022). By integrating these predictions into endodontic
instrumentation guidance, clinicians are likely to experience
reduced procedural errors, such as missed canals or
perforations, and improved overall treatment efficiency
(Kaur, 2021).

Furthermore, the use of ML-assisted navigation is
expected to shorten treatment time by providing real-time,
data-driven guidance during instrumentation, enhancing
both precision and confidence in clinical decision-making
(Chen, Stanley, & Att, 2020). This approach could also facilitate
personalized endodontic strategies, where canal treatment
plans are tailored based on patient-specific anatomical
variations. Overall, the results are anticipated to demonstrate
that Al and machine learning can revolutionize root canal
therapy by combining advanced imaging interpretation with
guided procedural execution, ultimately improving clinical

outcomes and patient safety.

Conclusion

The integration of machine learning into root canal therapy
represents a significant advancement in endodontic practice,
offering precise identification and navigation of complex
canal morphologies. The study demonstrates that ML-based
approaches can improve the accuracy of canal detection,
enhance procedural efficiency, and reduce the risk of clinical
errors compared to conventional methods. By leveraging
data from CBCT scans, supervised learning models provide
predictive insights that support informed decision-making
and guide instrumentation during treatment, aligning with
broader trends in Al-assisted dentistry (Singh, 2022; Chen,
Stanley, & Att, 2020). Furthermore, ML-driven systems hold
potential not only for primary RCT but also for retreatment
scenarios, improving clinical outcomes and patient care (Kaur,
2021). Future developments are expected to focus on real-
time implementation and integration with robotic-assisted
tools, solidifying machine learning as a transformative force
in modern endodontics.
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