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Introduction

Robotics, as defined by the National Aeronautics and Space 
Administration, is a field of engineering and computer science 
that deals with the creation, manufacturing, and use of robots. 
It aims to build intelligent devices that can assist people in 
many ways. Advancements in robotics have allowed for more 
control over accurate execution, repeatability, and precision, 
making it more appropriate for use in the health sciences. 
Although widely employed in the medical field, robotics is 
still relatively new in dentistry. Commonly, robots are used 
to guide dentists throughout different treatment processes, 
such as implant insertion and tooth preparation, or to simulate 
patients for dental students. Numerous studies are continuously 
being conducted to improve the utilization of robotics in the 
field of dentistry.[1] This article aims to provide an overview 
of the various applications of artificial intelligence (AI) and 
robots and their development to date in the complex field of 
prosthetic dentistry.

History

The first documented robot used in the medical field that is 
used for neurosurgery biopsy is a programmable universal 
machine for assembly 560.[2] The first approved robot by 
the Food and Drug Administration (FDA) is an automated 
endoscopic system for optimal positioning used for endoscopic 
surgical procedures.[3] Despite all the advances of robotic 
technology in the medical field, it is still in infancy in the dental 

field.[4] Dentistry employs a few manual robotic systems that 
are managed manually through the control interface of the 
computer. In 2002, Boesecke et al.[5] presented the first robot-
guided placement of dental implants. In 2017, YOMI™ (Neocis, 
Miami, FL, USA) became the world’s first computerized 
navigation robotic system approved by the FDA to augment 
the clinical accuracy of dental implant surgery.[6] The first fully 
automated dental procedure on a human was performed in 
August 2024 by a robot developed by Perceptive, a US-based 
company.[7] Automatic tooth-crown-preparation robots, tooth-
arrangement robots, drilling robots, and orthodontic arch 
wire-bending robots that meet clinical requirements have 
been developed.

Robots in Complete Dentures Fabrication

Zhang et al. devised a robot system in 2001 that is used to 
fabricate removable full dentures.[8]

Uses of robotic software were utilized for designing ideal 
and esthetic prostheses based on the factors such as (1) facial 
measurements, (2) shade matching (3) patient’s desire, 
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(4) optimal function, (5) ideal occlusion, and (6) contacts.
The main components of the complete denture robot system
are (Figure 1):
1. Control and motion planning
2. 6° of freedom (6-DOF) cloud-based robotic system robot

with an arm
3. Electromagnetic gripper
4. Computer with robot modulation software for arranging

tooth
5. Denture base
6. Light source device
7. Light-sensitive glue.

Robots and Fixed Partial Denture Fabrication

The mechanical modification of a diseased, damaged, or faulty 
tooth to better accept a restorative material that will restore it 
to a healthy state is known as tooth preparation. These days, 
precise tooth preparation is achieved while minimizing harm to 
neighboring hard and soft tissues in the oral cavity by employing 
a high-speed dental handpiece. Under-reduction compromises 
restoration, whereas over-reduction damages pulp and soft tissues.

A micro-robot demonstrated a tooth preparation with the error 
of 0.089 ± 0.026 mm which works by modulating picosecond 
laser.[9,10] Yuan and colleagues presented a robot for tooth 
preparation,[11] that consists of (Figure 2):

a. Tooth fixture joins that target tooth with the robotic tool
b. An arm of the robot with 6-DOF
c. Low-heat laser is recommended for tooth preparation
d. 3D motion path generated by computer-aided design/

computer-aided manufacturing (CAD/CAM) software
e. For the collection of 3D information, an intraoral scanner

is used.

Robots in Dental Implantology

Although dental implants have been around for decades, 
the real revolution began in 1980 when Dr.  Per Ingvar 
Branemark discovered osseointegration. Human errors in 
implant surgery can lead to several complications, including 
damage to adjacent teeth crowns or roots, inferior alveolar 
nerve damage in the lower jaw, drilling into the sinus cavity 
jaw fractures due to insufficient bone or density, pressure 
or trauma to soft tissues from improper placement or sizing 
of abutments, and crowns, all exacerbating the implant 
complications.[12] Since 1990s, many medical research 
teams started employing interactive computer programs 
for implant designing and planning, Sim/Plant, released 
in 1993, was the first software to allow clinicians to plan 
and coordinate with computed tomography (CT) scan 
data for pre-surgical implant placement and prosthodontic 
visualization. By the late 1990s, robotics extended these 
applications into mainstream surgery, using sensors for 
guiding surgicalprocedures. Chinese-based robot dentist 
placed implants in patient mouth precisely without human 
intervention in 2017.[13]

Robotics applications in implantology may be roughly 
categorized into:
1. Robot-assisted implantology
2. Fully autonomous implant robots.

Robot-guided implantology
In 2009, the Yomi robot was designed by a USA-based 
company for guiding implant surgery which was approved 
by the FDA for use in patients at the chairside (Figure 3).[14]

The implant robot has three fundamental components;
1. Sensors: Which collects information from the environment
2. Effectors: It is the one that actually does the work

Figure 1: Overview of the components of complete denture Robot

Figure 2: Automatic crown preparation system Figure 3: Components of Yomi robot-guided implantology system
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3. Control system: It is the main component which
understands the input and controls the performance of the
robot.

CT is the main information source for the Yomi system. 
The planning will be done by dynamic software based on 
information collected from CT by accounting for the important 
anatomical structures such as nerves, adjacent teeth, sinuses, 
and blood vessels. The software provides surgical guidelines 
along with real-time 3-D graphics for navigation. While 
performing surgery, the robotic arm offers physical guidance, 
helping the surgeon position and drill to the appropriate depth 
while confirming progress.

Fully autonomous robotic implantology
For planning and supervision of the dentist’s treatment, an 
autonomous robot was developed which is programmed to 
move in accordance to the planned position for the successful 
placement of implants in the correct angle, depth, and position, 
and also robot moves along the movement of the patient. The 
working process and software are similar to a guided robot 
except the autonomous robots perform independently without 
the involvement of dentist.[15] In 2014, a Chinese-made robot 
successfully placed two implants in a woman in an hour with 
a marginal error of 0.2–0.3 mm in 2017 (Figure 4).[16]

Microrobots for Dental Implant Surfaces

Application of swarming magnetic micro-robots on dental 
implant surfaces offers several advantages over conventionally 
treated implant surfaces, leading to a higher degree of 
bone-to-implant contact and improved biomechanical fixation 
which includes biofilm eradication, enhanced surface 

topography, increased surface area, controlled surface 
modification, improved osseointegration, reduced risk of 
infection, and biomechanical stability.[17]

Speech Robots

A university in Canada developed a speech robot in 2005 
which is made of 3-DOF manipulators placed bilaterally 
and parallelly which drives the temporomandibular disorder 
(TMJs) simultaneously on both sides. It was created for the 
study of movements of the jaws for understanding of facial 
communication.[18]

Humanoid Practice Robot

One significant challenge in dental education is the approval 
from the ethical community for using human subjects for 
training clinically. To address this, humanoid practice robots, 
such as Simroid, were introduced. These full-body models can 
be placed on dental chairs and mimic real patients’ movements 
and conversations through computer control. They react and 
alert students, simulating various accidents during treatment, 
such as reactions to pain, emesis reflex, cough reflex, and 
irregular pulse, helping students practice and learn without 
using human subjects.[19]

Waseda Jaw (Wj) Series Robots

The WJ robot is used to study patients’ mastication movements 
and forces resisting jaw opening and closing training. It is 
also utilized to evaluate and treat TMJ dysfunctions. The 
robot features two artificial TMJs, and three DOFs, and can 
simulate clenching and grinding trajectories. It is powered by 
11 artificial muscle actuators, each comprising a DC motor, 
encoder, wire, and force sensor, designed to replicate muscle 
contraction forces.[20]

Mouth Training Robots

The Waseda-Yamanashi (WY) series of robots were also used 
to train patients with TMJ disorders by assisting in mouth-
opening exercises. The latest versions, WY-5 and WY-6, 
measure biting force with three translational force components. 
The device is monitored by a doctor and has two or three 
DOFs for various movements. Electromyography values of 
muscles are integrated into the WY robot to track alterations 
in the patient’s masticatory muscles and assess the robotic 
therapy outcome.[20]

Nano-Robots in Prosthodontics

Nanorobotics involves creating robots at the nanometres 
scale (1 nm = one-millionth of 1 mm). In prosthetic dentistry, 
nano-impression materials with nano-fillers enhance flow and 
reduce voids, improving precision in recorded impressions 
and model pouring. They are utilized also in esthetic dentistry 
for re-naturalization, replacing previous restorations with 
biological materials indistinguishable from natural teeth.[21]

Figure  4: Robot placing two implants into a female patient. (Image 
courtesy: Robot dentist is first to fit implants without human touch; South 
China Morning Post September 22, 2017)

Figure 5: (a) Humanoid patient robot. (b) Training with humanoid patient

ba
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Robot-Assisted Manufacture of Surgical 
Templates

Robot-assisted manufacturing of surgical templates has 
demonstrated superior clinical results compared to conventional 
methods. By completely guiding implant trajectory, these 
templates lower the possibility of human error in clinical 
practice.[21]

Advantages of Robotics in Prosthodontics[22]

• Robots deliver incredibly accurate and reliable outcomes,
particularly for placing dental implants

• The variability associated with human performance may
be minimized using robots to conduct tasks at a constant
quality level

• Digital technology such as CAD/CAM systems may be
used with robots to create highly customized and intricate
prosthetic designs

• During procedures such as implant placements, robotic
technologies allow for more accurate cutting and drilling,
resulting in less injury to surrounding tissues

• More accuracy may be achieved in the creation of prostheses
by robotic milling and manufacturing techniques, which
will enhance the patient’s fit and functioning

• Haptic technology-equipped robots can minimize human 
touch, assisting dentists in more precisely and securely
controlling operations

• Robots are revolutionizing prosthodontics using these
benefits, resulting in improved patient outcomes and more
effective dental treatment.

Limitations
Although there have been great developments in robotics in 
dentistry, particularly in terms of efficiency and precision, there 
are still a number of drawbacks. The cost of purchasing and 
maintaining robotically assisted surgical equipment is high. 
Dental professionals and personnel frequently need specialized 
training to operate robotic devices, and integrating them with 
current systems can be challenging. The limited practical 
applicability of robotic systems in dentistry arises from their 
inability to function independently; human supervision is 
still necessary. Making decisions and managing unforeseen 
circumstances need human interaction. Insufficient input 
data constantly increases the possibility of errors. The long-
term dependability of dental robots is yet unknown as this 
technology is still in its infancy. Addressing these challenges 
is essential for greater acceptance and success.

Future scope of robotics in prosthodontics
• As more prosthodontic procedures get automated in the

future, fully autonomous implant insertion and crown
fabrication may become possible

• Robotic systems integrating AI can help with decision-
making and treatment planning

• The combination of robotics and 3D printing technology
will improve the production of highly personalized

prostheses that are suited to the individual demands of 
every patient

• Prosthetic materials, such as scaffolds for dental
restorat ions or biocompatible t issues, may be
bioengineered with the help of robotic systems in the
future, opening the door to more robust and natural-
looking prostheses

• Robotics and tele-dentistry developments might make
it feasible for dentists to do prosthodontic operations
remotely.

Conclusion

The utilization of robots in the field of prosthodontics 
can improve the precision and accuracy in all treatment 
procedures. With the potential to improve precision, 
efficiency, and personalization in dental treatment, robots in 
prosthodontics hold great promise for the future. Sustained 
progress in AI, automation, and digital integration will 
augment the functionalities of robots, possibly revolutionizing 
prosthodontic treatments and resulting in enhanced patient 
outcomes and worldwide accessibility to excellent dental 
services. However, they are designed to assist prosthodontists 
during treatment procedures but not to replace them.
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