
From AI in the Office to Robot-Assisted 
Dental Implant Surgery
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ChatGPT has transformed your 

admin workflows and treatment notes. 

Now, meet the robots entering your operatory.

When the da Vinci Surgical System launched in July 2000, it proved to general surgeons that robotic-assisted 
surgery, offering high-definition 3D views and built-in tremor-filtration technology, could be effectively applied 
to a wide range of procedures, including for cardiovascular, colorectal and general surgery. Because the robot’s 
instruments are able to fit through small incisions, robot surgery is less invasive than open surgery, and in many 
cases results in fewer post-op side effects and shorter recovery times for patients. 


Sixteen years later, the Yomi Dental Robot - developed by start-up Neocis - became the first robotic guidance 
system approved by the FDA for dental implant placement. By April 2025, Neocis reported that more than 70 
000 dental implants had been placed using the robot. While robotic assistance in dentistry is still far from 
ubiquitous, it seems that the once dystopian notion of it being mainstream for robots to perform dental implant 
surgical procedures is no longer a matter of if, but when.
 

Not unlike how a dentist uses their hands, eyes, and brain to perform surgery, today’s dental implant robots use 
a robotic operation platform to manipulate instruments, a vision system for spatial awareness, and a central 
control system to interface the two, continually adjusting the instrument based on the spatial updates received.
 

Dental implant robots are classified based on the level of human-robot interaction involved with operation:
 

Both static guides and the increasing popularity of dynamic navigation speak to a larger shift in the industry 
towards solutions that offer greater precision and control. Static guides are inexpensive; dynamic navigation 
allows the implant surgeon to calibrate a patient’s CT scan in alignment with a 3D image on a navigation screen. 
Both technologies improve the planning of dental implant surgery, but a robot can also provide responsive 
assistance during execution through providing haptic feedback, including in response to patient movement. 
 

The Rise of Surgical Robotics

What Exactly is a Dental Implant Robot?
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How is a robot different from a static guide or dynamic navigation?

Active Robots 

Fully autonomous.

The robot enters/exits the 
mouth, prepares the implant 
site, and places the implant. 
The operator mainly 
monitors and swaps drills.

Example: Yekebot 

Semi-Active Robots 

Partially autonomous.

The robot handles site 
preparation and implant 
placement, but the operator 
guides its entry and exit into 
the mouth.

Example: Remebot 

Passive Robots 

Controlled by Surgeon.

The robot provides 
mechanical guidance, but 
the surgeon handles entry/
exit, site preparation, and 
implant placement.

Example: Yomi

What is a haptic robot?
A haptic robot is equipped with sensors and actuators that enable it to provide and receive tactile (touch) and 
force feedback. All three types of dental robots presented above are haptic robots. 
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What Robotic Assistance Promises3

Accuracy -

More accurate than freehand, guides, or dynamic navigation. 
Provide greater stability in maintaining drill orientation via the robotic arm (prevent 
slipping off a ridge of bone or into an extraction socket or soft bone).


Able to compensate for intraoperative patient motion via visual feedback and live 
imaging, improving surgical awareness and precision.

Consistency -

Standardizes surgical movements via system calibration and registration, reducing 
variability between procedures and among different clinicians. 

Reduces physical and cognitive demands on the surgeon, helping to maintain 
procedural quality. 


Safety -

Controls drill depth, angle, and trajectory to avoid critical anatomical structures.
Minimizes back and neck pain for the clinician. 

Efficiency -

Easier to forecast costs and avoid postponed procedures.

F acilitates complex cases (full-arch cases) by lowering fatigue and enabling parallelism.

Eliminates need for plastic drill guides, which can block irrigation from or visibility of the 
surgical site. 

Reduces soft tissue trauma and postop complications by increasing implant 
placement precision; do not have to open the gums to surgically place the robot. 

Halts drilling if deviations from the plan are detected; system is integrated with 
sensors and safety stops. 
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(i.e. operation and preparation time)

Current robots excel at 
implant placement with 
a flapless approach, 
but struggle with 
suturing, soft tissue 
management, complex 
anatomical decision-
making and auxiliary 
surgeries such as GBR 
and sinus lifts.

What can robots do 
in 2025? 
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Workflow of Robot-Assisted Implant Surgery4

Step 1: Preoperative Planning

Operator advances end effector close to the surgical site and robot will lock in the desired implant 
placement axis, and will only allow vertical movement by the surgeon. 

Robot drills the osteotomy along the pre-planned trajectory.

Real-time tracking compensates for patient movements during surgery.


Acquire CBCT and intraoral scans on the day of surgery to generate a 3D map of the patient’s anatomy.

Plan implant position, angulation, and depth within the robotic software.

Consider prosthetic design, bone density, and proximity to anatomical structures (sinus, nerve canals).

The following is a general overview of the workflow associated with today’s dental implant robots: 

*Cone Beam Computed Tomography

Position the patient and attach tracking markers (intra-oral splint, screws) for registration. 

Register the patient’s anatomy with the digital plan to align the robot.

Calibrate the robotic arm and confirm all surgical tools are functional by correctly locating the patient's 
structures by touching a preselected landmark with the robot’s end effector (instrument).
 

Robot places the implant to the pre-programmed depth and angle.

The surgeon supervises and can override the robot if needed; 
throughout the procedure, the surgeon has control of the progress 
of the drill in the axis of the osteotomy.

Shared control ensures precision while maintaining clinical 
judgment.

Remove robotic equipment and trackers after placement.

Acquire postoperative radiographic imaging to confirm 
implant position.

Compare planned versus achieved outcomes; document 
deviations for accuracy assessment.

Step 2: Patient and Robot Setup

Step 3: Robot-Guided Site Preparation

Step 4: Implant Placement

Step 5: Postoperative Verification

One study demonstrated 
that the implementation of 
this workflow achieves a 
level of precision in implant 
placement that permits the 
prosthetic restoration to be 
fabricated in advance of 
surgery, thereby facilitating 
immediate loading following 
implant insertion.
 

Can workflow precision 
enable immediate loading?
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Human–Robot Interaction Matters

Greater Flexibility 

Implant precision is not only a function of the 
robot, but also of the mode of collaboration 
between surgeon and machine.



Active and semi-active systems consistently 
maintain high accuracy across operators and 
procedures.



By contrast, passive robotic systems show 
greater variability, with accuracy more 
dependent on surgeon skill and consistency.

Robotic systems demonstrate strong precision 
in osteotomy and implant insertion.



They are not capable of performing grafting, 
sinus lifts, flap reflection, or suturing.



These auxiliary procedures require delicate 
soft tissue handling and intraoperative 
adaptability that remain beyond current robotic 
capability.

Robotic workflows enhance access, visibility, and 
irrigation, especially in anatomically challenging or 
posterior regions.



They also permit intraoperative plan modifications, giving 
clinicians the ability to adjust trajectory or angulation in 
real-time without discarding physical guides.

Higher Implant Placement Accuracy

Limits in Auxiliary Procedures

Robot-assisted implant placement significantly 
improves implant accuracy compared to freehand 
techniques, including cases requiring bone grafting for 
narrow alveolar crests. 



Fully and partially edentulous cases are identified as 
prime candidates for robot assisted surgery. 

Taken together, these findings suggest that robotic 
surgery can successfully support immediately 
loaded implants, and allow precise, minimally 
invasive, and patient-specific procedures. 

However, more clinical trials are needed to 
confirm efficacy and long-term outcomes.
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Clinical Benefits & Findings5

Comparable Surgical Time

Robot-assisted procedures generally require similar 
operative time compared to freehand.

Reported times:


Single-tooth placements: ~20–25 minutes.


Full-arch reconstructions: ~47–70 minutes (using 
semi-active robots).


Thus, the precision benefits of robotics do not appear 
to significantly extend chairside duration. 7
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Limitations & Considerations6

Risk of False Confidence

The robotic arm maintains the surgeon-defined trajectory with high repeatability, 
which may create a false sense of accuracy.

If the starting trajectory is poorly chosen (due to limited anatomical assessment), 
the robot will precisely replicate an imprecise plan.

Potential Adverse Events


Adverse events have been reported (implant displaced into the sinus during 
hand-torquing). 

Root cause was found to be user error, but highlights the importance of surgeon 
skill and vigilance even when using robotic assistance.

Differences in buccal and palatal bone density have led to robotic arm movement 
and greater apical deviations in fresh extraction sites.

Limited Clinical Data

FDA clinical study: only 44 implants in 15 patients.

Conducted mainly by general dentists in controlled environments.

Long-term outcomes (osseointegration, prosthetic complications, biomechanical 
implications of angular deviation) are still not fully studied.

Many studies are in vitro or on simple cases; more high-quality clinical trials are 
needed to validate safety and long-term efficacy.


Contraindications


Not suitable where bone volume or proximity to vital structures is questionable.

Accuracy versus Precision

Precision is validated, but accuracy is not guaranteed.

This means the system may not achieve the “ideal” restorative-driven 
implant position, especially in complex cases.

Cost & practicality: 

High cost, large physical size, and setup time may limit adoption; efficiency 
gains depend on operator experience. 20
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Patient Acceptance: 

Motivation for robotic therapy decreases for all patients as procedure 
invasiveness increases. 



Next-generation AI-powered surgical robots promise to 
transform dental implantology by combining advanced 
computational intelligence with robotic precision. 


Potential capabilities include:
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While these advances hold 
promise for unprecedented 
precision and efficiency, 
clinicians must continue to 
provide oversight. 


Ethical considerations, patient 
safety, and the surgeon’s 
judgment remain paramount 
as autonomous capabilities 
evolve.

The Future7

Enhanced Anatomical Analysis: 

 Automatically analyze CBCT scans to identify optimal 
implant sites, assess bone density, and highlight critical 
structures.



Personalized Treatment Planning: 

Design implant plans tailored to each patient’s anatomy 
and prosthetic requirements.



Outcome Verification: 

Compare preoperative and postoperative scans to track 
accuracy, deviations, and long-term results.



Intelligent Robotic Control: 

Dynamically adjust movements during surgery to 
maintain precision, compensate for unforeseen 
conditions, and reduce human error.



Adaptive Decision-Making:  

Respond in real time to intraoperative changes, 
enhancing safety and procedural efficiency.



Integration with Smart Learning Systems: 

Leverage accumulated procedural data to continuously 
improve performance, potentially enabling semi-
autonomous or fully autonomous implant placement in 
the future.
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