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Abstract: The integration of robotics into dentistry signifies a transformative advancement in the field, enhancing precision, efficiency,
and patient experience. This article reviews the historical development of dental robotics, explores current applications, discusses the
benefits and challenges associated with its adoption, and considers future potential. Innovations in robotic surgery, CAD/CAM
technology, and teledentistry illustrate how these advancements are reshaping dental practices. Despite challenges such as high initial
costs and integration issues, the potential for improved patient outcomes positions dental robotics as a vital force in oral healthcare.
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1. Introduction

Over recent decades, the dental profession has experienced
significant changes driven by technological advancements
that improve patient care and streamline clinical workflows.
Among these innovations, dental robotics stands out as a
transformative development. Robotics in dentistry not only
enhances surgical precision but also optimizes treatment
planning across various specialties.

As dental practitioners strive to provide high - quality care
amidst rising patient expectations, robotic systems offer an
effective solution. These systems assist in complex
procedures, reduce treatment durations, and enhance patient
experiences. Additionally, with the rise of telehealth and
digital technologies, robotics has the potential to improve
accessibility to dental care, especially in underserved areas.

This article provides a thorough overview of the evolution of
dental robotics, highlighting current applications, benefits,
challenges, and future prospects. Understanding this
technology's trajectory allows dental professionals to
appreciate its transformative potential in oral healthcare.

1.1 Evolution of Dental Robotics

a) Historical Context

The origins of robotics in medicine date back to the late 20th
century, with early innovations primarily in surgical
applications. The introduction of the da Vinci Surgical
System in 1999 marked a significant milestone,
demonstrating the potential for robotic assistance in complex
surgical procedures. As technology advanced, its application
in dentistry began to evolve, paving the way for a new era of
dental practice (Kahn et al., 2019).

b) Early Developments in Dental Robotics

The first robotic systems in dentistry aimed to enhance
specific tasks, particularly in implantology. For example, the
Neocis Yomi, launched in the late 2010s, introduced robotic
guidance for dental implant surgeries, allowing dentists to
achieve greater precision and control (Neocis, 2021). These
early systems established a foundation for more sophisticated
applications in the field.

¢) Recent Innovations in Dental Robotics

Recent advancements in artificial intelligence (Al), machine
learning, and robotic engineering have led to the development
of more capable dental robots. These systems extend beyond
surgical assistance to include diagnostics, orthodontics, and
patient management, marking a significant evolution in the
role of robotics in dentistry (Joda et al., 2019).

1.2 Current Applications of Dental Robotics
a) Robotic Surgery

Robotic surgery is one of the most notable applications of
dental robotics. Systems like Yomi and the R2 Dental
Robotics platform enhance precision in procedures such as
implant placement and bone grafting. These technologies
provide real - time imaging and haptic feedback, enabling
dental professionals to perform surgeries with increased
accuracy and confidence (Gonzalez et al., 2020).

b) CAD/CAM Systems

Computer - aided design and computer - aided manufacturing
(CAD/CAM) technologies have increasingly incorporated
robotic systems to optimize the production of dental
restorations. Robotic milling allows for the precise creation
of crowns, bridges, and dentures, significantly reducing
production times while improving the fit and quality of the
final products (Zitzmann & Marinello, 2017).

¢) Orthodontics

In orthodontics, robotic systems are revolutionizing the
application and adjustment of braces. Technologies such as
SureSmile utilize robotics to create customized archwires,
leading to improved treatment outcomes and fewer necessary
office visits, thereby enhancing patient satisfaction
(SureSmile, 2022).

d) Teledentistry

The rise of teledentistry, particularly accelerated by the
COVID - 19 pandemic, has been supported by robotic
technology that facilitates remote diagnosis and treatment
planning. These robots enable dental professionals to conduct
virtual consultations, allowing for ongoing patient monitoring
and care without the need for in - person visits (Prabhu &
Sharma, 2021).

Volume 13 Issue 10, October 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
WWW.ijsr.net

Paper ID: MR241026120421

DOI: https://dx.doi.org/10.21275/M R241026120421

1805


http://www.ijsr.net/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

1.3 Benefits of Dental Robotics

a) Enhanced Precision and Accuracy

One of the primary advantages of dental robotics is its ability
to improve the precision of dental procedures. Robotic
systems perform tasks with minimal error, leading to better
surgical outcomes and increased patient safety. Evidence
suggests that robatic - assisted implant placements experience
fewer complications and improved alignment compared to
traditional methods (Boulton, 2020).

b) Reduced Treatment Times

Robotic technologies streamline dental procedures, resulting
in shorter treatment times for both surgeries and laboratory
work. The combination of CAD/CAM and robotic milling
allows for faster turnaround times for restorations, benefiting
both dental professionals and their patients (Joda et al., 2019).

¢) Improved Patient Experience

Dental anxiety is a common issue among patients. The use of
robotics can enhance the patient experience by providing
more predictable outcomes and minimizing the invasiveness
of certain procedures. Furthermore, the availability of
teledentistry options reduces the need for in - office visits,
making dental care more accessible (Gonzalez et al., 2020).

d) Enhanced Ergonomics for Practitioners

Robotic systems can alleviate physical strain on dental
practitioners by assisting with repetitive and intricate tasks.
This reduction in strain improves the comfort of dental
professionals and decreases the risk of musculoskeletal
injuries over time, promoting better long - term health
(Prabhu & Sharma, 2021).

1.4 Challenges Facing Dental Robotics

a) High Initial Costs

Despite the advantages, the high cost of robotic systems can
pose a barrier to widespread adoption, particularly for smaller
practices. The initial investment in technology, training, and
maintenance can be prohibitive, leading to unequal access
across the dental community (Kahn et al., 2019).

b) Integration with Existing Systems

Integrating robotic technologies into established dental
practices can be complex. Dental professionals may
encounter challenges in adapting to new workflows, which
can lead to resistance to adopting robotic systems (Boulton,
2020).

¢) Training and Skill Development

Successful implementation of dental robotics requires
specialized training. Dental practitioners must be equipped
with the necessary knowledge and skills to operate advanced
systems effectively, necessitating ongoing education and
adaptation (Zitzmann & Marinello, 2017).

d) Regulatory and Safety Concerns

As with any emerging technology, regulatory challenges must
be addressed to ensure patient safety and efficacy. The dental
community must collaborate with regulatory bodies to
establish guidelines for the clinical use of robotic systems
(Gonzalez et al., 2020).

2. Results and Discussion

Summary of Findings

The integration of dental robotics presents a transformative

opportunity for the field of dentistry. Key findings include:

1) Increased Precision: Robotic systems enhance the
accuracy of dental procedures, leading to better patient
outcomes and fewer complications.

2) Efficiency in Treatment: Robotics streamline the
production of dental restorations, significantly reducing
turnaround times.

3) Patient Satisfaction: Robotics in orthodontics and
teledentistry contribute to improved patient satisfaction
through personalized treatment plans and reduced office
visits.

4) Workplace Ergonomics: The ergonomic benefits of
robotic systems help alleviate physical strain on dental
professionals, promoting better long - term health.

3. Limitations of Current Research

While the advantages of dental robotics are evident, certain
limitations must be acknowledged. Many studies focus on
specific robotic systems, which may limit the generalizability
of findings. Additionally, long - term data on the efficacy and
safety of robotic procedures are still required. As technology
evolves, ongoing research will be essential to fully understand
the implications of robotics in diverse dental practices.

4. Future Directions of Dental Robotics

The future of dental robotics holds promise, with several

avenues for advancement:

1) Enhanced Integration with Al: The incorporation of Al
with robotic systems can further optimize treatment
planning and decision - making processes.

2) Broader Applications: Research into preventive care and
automated hygiene solutions could expand the role of
robotics in dental practice.

3) Cost Reduction Strategies: As technology progresses, the
cost of robotic systems is expected to decrease, making
them more accessible to a wider range of dental practices.

4) Training and Education: Increased emphasis on training
dental professionals in the use of robotic technologies will
be crucial. Continuing education programs can help
practitioners adapt effectively to these innovations.

5. Conclusion

The advent of dental robotics signifies a major milestone in
the evolution of oral healthcare. By enhancing precision,
improving treatment efficiency, and providing better patient
experiences, robotics has the potential to redefine dental
practices. While challenges such as high costs and the need
for comprehensive training remain, the benefits significantly
outweigh these obstacles. As the field continues to expand,
embracing robotic technology will be essential for dental
practitioners committed to delivering high - quality care.

In conclusion, dental robotics not only addresses existing
challenges within the field but also opens new avenues for
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future developments, promising a transformative impact on
how dental care is delivered worldwide.
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