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Abstract

Endodontics, a branch of dentistry focused on the diagnosis and treatment of dental pulp and periapical
diseases, is undergoing a technological renaissance. Robotic-assisted endodontics is at the forefront of this
change, leveraging advanced technologies to improve procedural accuracy, efficiency, and patient
comfort. This article explores the current applications of robotic technology in endodontics, discusses the
advantages and challenges, and outlines potential future directions for this innovative approach, ultimately
aiming to revolutionize dental care.

Introduction

Robotic-assisted procedures have transformed numerous medical fields, enhancing precision and
outcomes across various applications. In dentistry, robotic technology is gaining traction, particularly in
endodontics. Root canal treatment, which involves the intricate removal of infected dental pulp,
necessitates a high level of skill and precision. Historically, endodontic procedures have relied on manual
techniques, which can introduce variability and increase the risk of procedural errors. The advent of
robotic assistance promises to elevate the standard of care in endodontics by minimizing human error,
improving outcomes, and enhancing patient experiences.

This article delves into the landscape of robotic-assisted endodontics, focusing on the technologies
currently in use, their benefits, the challenges faced in implementation, and future prospects that could
further revolutionize the field.

Current Applications of Robotics in Endodontics

1. Enhanced Imaging and Navigation

Robotic-assisted endodontics utilizes advanced imaging techniques, such as cone-beam computed
tomography (CBCT), to create precise 3D representations of a patient’s dental anatomy. This imaging is
crucial for understanding the complex root canal systems that vary significantly between individuals.
Robotic systems can interpret this data in real time, enabling practitioners to navigate intricate canal
configurations more effectively than traditional methods allow. Enhanced navigation helps avoid critical
structures, such as the maxillary sinus or inferior alveolar nerve, reducing the risk of procedural
complications (Gupta et al., 2021; Varela et al., 2022).

2. Automation of Root Canal Preparation

Traditional endodontic techniques often involve manual instrumentation, which can lead to variations in
technique and outcomes. Robotic systems can automate the preparation of root canals, allowing for precise
adjustments in instrument angulation and force during the procedure. For instance, systems like the YOMI
robot provide haptic feedback and adjust the instrument’s position dynamically, ensuring optimal perform-
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ance while reducing the risk of errors, such as file separation or canal ledging (Zhu et al., 2020;

Khedmat et al., 2023).

3. Precision in Instrument Control

The control offered by robotic systems is a significant advancement in endodontics. Robots can manipulate
instruments with micro-metric precision, allowing for effective cleaning and shaping of the canal system,
particularly in cases with complex anatomy. The precision control of robotic arms means that instruments
can reach areas that would otherwise be difficult or impossible to access, ensuring thorough debridement
of infected tissues (Gonzalez et al., 2019; Yadav et al., 2022).

4. Improved Patient Safety and Comfort

Robotic systems can enhance patient safety by ensuring that procedures are performed more accurately,
leading to fewer complications. Additionally, robotic-assisted procedures often result in less invasive
treatments, translating to less postoperative pain and quicker recovery times. For example, studies have
shown that patients who undergo robotic-assisted endodontic treatment report lower anxiety levels and
discomfort during procedures (Kumar et al., 2023; Gupta et al., 2022).

Advantages of Robotic-Assisted Endodontics

1. Increased Accuracy and Precision

One of the most significant advantages of robotic-assisted endodontics is the marked increase in accuracy.
Robotic systems enable practitioners to execute procedures with a level of precision that reduces the
likelihood of incomplete cleaning or accidental damage to surrounding tissues. Studies indicate that
robotic-assisted systems can improve the rate of successful root canal treatments, as well as reduce the
incidence of postoperative complications (Yadav et al., 2022; Bansal et al., 2022).

2. Time Efficiency

By automating routine tasks and enhancing procedural flow, robotic systems can significantly decrease
the time required for endodontic procedures. For example, studies have shown that robotic-assisted root
canal treatments can be performed more quickly than traditional methods without compromising the
quality of care (Khan et al., 2021; Singh et al., 2023). This efficiency is beneficial not only for patient
satisfaction but also for the practice’s overall productivity.

3. Enhanced Consistency and Reproducibility

Robotic systems deliver consistent outcomes across various procedures, reducing the variability that can
occur with manual techniques. This consistency is crucial in endodontics, where even minor deviations
can lead to treatment failure. Robotic-assisted procedures have been shown to produce more predictable
results, particularly in complex cases (Zhao et al., 2021; Yadav et al., 2022).

4. Reduced Fatigue and Improved Ergonomics for Dentists

Endodontic procedures can be physically demanding, often requiring sustained focus and intricate hand
movements. Robotic assistance alleviates some of the physical strain on dental practitioners, enabling
them to maintain high levels of performance without succumbing to fatigue. This ergonomic benefit can
lead to improved job satisfaction and potentially extend the careers of dental professionals (Patel et al.,
2023; Khedmat et al., 2023).

Challenges and Limitations
1. High Cost and Accessibility
The initial investment and ongoing maintenance costs associated with robotic systems can be substantial,
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creating barriers to widespread adoption. These costs can be prohibitive for many dental practices,
particularly in developing regions where financial resources may be limited. As a result, robotic-assisted
endodontics may remain confined to specialty practices or academic institutions, limiting access to this
advanced technology for many patients (Bansal et al., 2022; Mehta et al., 2023).

2. Technical Complexity and Learning Curve

While robotic systems offer numerous advantages, they also introduce technical complexity that requires
specialized training. Dental practitioners must invest time in learning how to operate robotic systems
effectively, which can pose challenges for those accustomed to traditional techniques. The learning curve
associated with robotic-assisted endodontics may deter some practitioners from adopting this technology
(Singh et al., 2022; Kumar et al., 2023).

3. Limited Autonomy in Robotics

Current robotic systems in endodontics require continuous human oversight. Although they enhance
precision, these systems cannot yet perform procedures autonomously. This limitation means that
practitioners must still be actively involved in the treatment process, which may offset some of the
expected efficiency gains (Gupta et al., 2021; Varela et al., 2022). The evolution toward more autonomous
robotic systems may take time as technology advances.

4. Ethical and Regulatory Concerns

The integration of robotics into endodontics raises ethical and regulatory questions, particularly regarding
patient safety and the implications of machine-assisted procedures. As robotic technologies continue to
evolve, establishing clear guidelines and regulations will be essential to ensure ethical practice and
safeguard patient interests (Mehta et al., 2023; Gonzalez et al., 2019).

Future Directions

1. Integration of Artificial Intelligence (Al)

The incorporation of Al into robotic systems has the potential to revolutionize endodontics further. Al
algorithms can analyze extensive datasets, including imaging and clinical records, to enhance decision-
making during procedures. Future robotic systems may employ Al to predict complications based on a
patient’s specific anatomy, enabling proactive adjustments to the treatment plan (Zhao et al., 2021; Singh
et al., 2023). This integration could ultimately lead to fully autonomous robotic procedures in the future.

2. Expansion of 3D Printing for Personalized Tools

The synergy between 3D printing technology and robotic systems could allow for the creation of
personalized endodontic tools tailored to the unique anatomical structures of individual patients. Custom-
fabricated files and guides can improve the accuracy of robotic-assisted treatments, further enhancing
clinical outcomes (Patel et al., 2023; Khedmat et al., 2023). This approach would allow practitioners to
provide highly individualized care, ultimately leading to better treatment success rates.

3. Robotic-Assisted Microsurgery

As robotic technology advances, the potential for robotic-assisted microsurgical techniques in endodontics
will likely grow. Procedures such as apicoectomy (root-end surgery) could benefit significantly from the
precision and stability that robotics provide. The use of robotic assistance in microsurgical settings could
lead to improved patient outcomes, especially in cases where conventional endodontic therapy fails
(Gonzalez et al., 2019; Yadav et al., 2022).

4. Development of Portable Robotic Systems

The evolution of compact and portable robotic systems could enhance the accessibility of robotic-assisted
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endodontics, especially in underserved communities or remote areas. Advances in miniaturization may
make it feasible for smaller clinics to adopt robotic technologies, thereby broadening the reach of high-
quality dental care (Singh et al., 2022; Kumar et al., 2023).

5. Collaborative Robots (Cobots)

Collaborative robots, or cobots, designed to work alongside human practitioners, represent a promising
direction for robotic-assisted endodontics. Cobots can assist with tasks that require precision and stability,
freeing practitioners to focus on complex decision-making and patient interaction. This collaborative
approach could provide a practical balance between manual skills and robotic assistance, improving the
overall efficiency of endodontic procedures (Bansal et al., 2022; Gupta et al., 2021).

Conclusion
Robotic-assisted endodontics is set to transform the landscape of dental care by enhancing precision and
efficiency in endodontics and various branches .
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