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 Abstract
   Artificial intelligence (AI) and robotics are revolutionizing dental procedures, particularly in enhancing precision, safety, and out-
comes in minimally invasive surgeries such as implant placement and endodontic treatments. By integrating AI algorithms with 
advanced robotics, clinicians can achieve higher accuracy, reduced operation time, and improved patient recovery, minimizing the 
risks associated with human error. This article delves into the latest advancements in AI-powered robotic dentistry, exploring how 
these technologies are enhancing procedural precision, promoting minimally invasive approaches, and impacting the future of dental 
care. This review also incorporates current research that has yet to be widely discussed in the literature, such as AI's evolving role in 
real-time intraoperative decision-making and predictive analytics in surgical outcomes.
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Introduction
The convergence of artificial intelligence (AI) and robotics in 

healthcare has led to remarkable transformations across various 
medical disciplines, including dentistry. In particular, the rise of 
AI-driven robotic systems in dentistry is significantly enhancing 
the precision of surgical interventions, notably in implantology 
and endodontic procedures. Minimally invasive procedures, which 
prioritize the conservation of natural tissues and reduce patient 
recovery times, have gained substantial ground in modern dental 
practices. AI-powered robotic systems offer unique advantages in 
these procedures, enabling unparalleled accuracy and improving 
clinical outcomes. This article provides an in-depth exploration of 
how AI and robotics are redefining minimally invasive dental pro-
cedures, with a focus on their applications in implant placement 
and endodontic surgery.

AI in Dental Robotics: Transforming precision and efficiency
AI-driven robotics have emerged as powerful tools for per-

forming complex dental procedures with exceptional precision. 

By leveraging machine learning (ML) algorithms, these systems 
are capable of analyzing vast amounts of data to optimize surgi-
cal outcomes. In dental implantology, AI-powered robots assist in 
planning and executing implant placements with sub-millimeter 
accuracy, thereby minimizing complications such as nerve damage 
or implant mispositioning. Recent advancements in AI have further 
enabled real-time adjustments during surgery, ensuring that even 
minor deviations from the preoperative plan are corrected during 
the procedure [1].

The application of AI in endodontics, particularly in root canal 
treatments, is another area of growing interest. Robotic systems 
equipped with AI can now identify the exact location of infected 
pulp tissue and perform delicate procedures with minimal damage 
to surrounding structures. In doing so, these systems enhance the 
effectiveness of root canal treatments while preserving as much 
healthy tissue as possible [2]. The integration of AI and robotics in 
these procedures also reduces the overall treatment time, contrib-
uting to a more efficient and comfortable experience for patients.
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Advancements in AI-Driven robotics for implant placement
Implantology, a critical area of restorative dentistry, has greatly 

benefited from the advent of AI and robotics. In traditional implant 
placements, the precision of the procedure heavily depends on 
the clinician’s skill and experience. However, even the most expe-
rienced surgeons are susceptible to human error, which can lead 
to complications such as implant failure, nerve damage, and sinus 
perforation [3]. AI-driven robotic systems mitigate these risks by 
providing highly accurate, data-driven guidance throughout the 
procedure.

One of the most notable systems in this field is the Yomi® ro-
botic system, which assists clinicians in performing implant sur-
gery with exceptional precision. This system utilizes AI algorithms 
to analyze preoperative scans and create a detailed surgical plan, 
which the robot follows during the procedure. Additionally, Yomi® 
provides real-time feedback to the surgeon, allowing for immedi-
ate adjustments based on intraoperative conditions [4]. Studies 
have demonstrated that robotic-assisted implant placements re-
sult in more consistent outcomes, with reduced deviations from 
the planned implant position compared to manual placements [5].

Further research is currently focused on developing AI systems 
capable of predicting the long-term success of dental implants. By 
analyzing factors such as bone density, patient health data, and 
implant material properties, these systems can provide clinicians 
with valuable insights into the most suitable treatment options for 
individual patients [6]. Such predictive capabilities hold significant 
potential for improving patient outcomes and minimizing the need 
for revision surgeries.

Robotics in endodontic surgery: A minimally invasive ap-
proach

AI-powered robotics have also made significant strides in end-
odontic surgery, particularly in enhancing the precision of root ca-
nal treatments. Endodontic procedures, which involve the removal 
of infected or damaged pulp tissue, are often complex and require 
a high degree of accuracy to avoid damaging adjacent structures. 
Traditional methods rely heavily on the dentist’s tactile feedback 
and experience, which can lead to inconsistencies in treatment 
outcomes.

Robotic systems equipped with AI are changing the landscape 
of endodontic surgery by enabling greater control and precision. 
For example, the Navident® system uses AI to guide the clinician in 
navigating the complex anatomy of the root canal system. By inte-
grating preoperative 3D imaging data with real-time feedback, the 
system allows for highly accurate treatment planning and execu-
tion [7]. This level of precision reduces the likelihood of complica-
tions such as perforations or incomplete pulp removal, which can 
compromise the success of the procedure.

In addition to improving procedural accuracy, AI-driven robot-
ics in endodontics offer several other advantages. These include 
shorter treatment times, reduced patient discomfort, and faster re-
covery. Moreover, the ability of these systems to perform minimally 
invasive procedures means that patients experience less post-oper-
ative pain and a lower risk of infection [8].

AI and predictive analytics: Shaping the future of dental sur-
gery:

One of the most exciting developments in AI-powered robotic 
dentistry is the integration of predictive analytics. AI algorithms 
can analyze large datasets, including patient demographics, medi-
cal histories, and clinical outcomes, to identify patterns that may 
not be immediately apparent to human clinicians. This information 
can then be used to predict the success of various treatment op-
tions and guide decision-making in real-time during surgery [9].

For instance, AI systems can predict the likelihood of complica-
tions during implant surgery based on factors such as bone density, 
patient age, and systemic health conditions. By identifying patients 
who are at higher risk for complications, clinicians can take pre-
emptive measures to mitigate these risks, ultimately improving 
patient outcomes [10]. Predictive analytics also play a critical role 
in post-operative care by identifying patients who may require ad-
ditional follow-up or intervention to ensure the long-term success 
of their treatment.

Research in this area is still in its early stages, but the potential 
applications of AI-driven predictive analytics in dental surgery are 
vast. As AI systems become more sophisticated, they will be able to 
provide clinicians with increasingly accurate predictions, leading 
to more personalized and effective treatments [11].
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Discussion
The integration of AI-powered robotics into dental practice 

represents a paradigm shift in the way surgical procedures are 
performed. By enhancing precision, reducing treatment times, 
and improving patient outcomes, these technologies are pushing 
the boundaries of what is possible in minimally invasive dentistry. 
While the current applications of AI-driven robotics in implanto-
logy and endodontics are already impressive, ongoing research 
suggests that even greater advancements are on the horizon.

The future of AI in robotic dentistry will likely involve the de-
velopment of fully autonomous systems capable of performing 
complex procedures with minimal human intervention. Although 
the idea of a completely autonomous dental surgery may seem 
far-fetched, recent advancements in AI and robotics suggest that 
such systems could become a reality within the next decade. In the 
meantime, AI-powered robotics will continue to play a crucial role 
in augmenting the capabilities of dental professionals, enabling 
them to deliver higher-quality care to their patients [12].

Conclusion
AI-powered robotics have already made a significant impact on 

the field of minimally invasive dentistry, particularly in the areas 
of implant placement and endodontic surgery. These technologies 
have the potential to revolutionize dental care by providing clini-
cians with unprecedented precision and control during surgical 
procedures. As AI continues to evolve, we can expect even more 
sophisticated applications in dentistry, from real-time decision-
making to predictive analytics, all aimed at improving patient out-
comes. The future of dentistry lies in the hands of AI and robotics, 
and their role in advancing minimally invasive procedures is only 
just beginning.
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