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Abstract

The integration of robotics into dentistry marks a paradigm shift from traditional handpiece-based procedures to computer-guided, sub-

millimeter precision. This article explores the future of dental careers in light of collaborative robots (cobots), Al-driven diagnostic systems, and
autonomous surgical devices. While fears of job displacement persist, evidence suggests that robotics will augment rather than replace dental
professionals, creating new specialties in robotic maintenance, surgical planning, and digital workflow management. This paper analyzes current
technologies (e.g., Yomi, Neocis), forecasts clinical scenarios for 2035-2050, and discusses ethical, economic, and educational imperatives for the

future dentist.
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Introduction

For over a century, the core mechanics of dentistry have
remained remarkably static: a human operator, a handpiece,
tactile feedback, and two-dimensional radiographs. However, the
convergence of additive manufacturing, artificial intelligence, and
industrial robotics is now entering the operatory. The global dental
robotics market, valued at approximately $180 million in 2021, is
projected to exceed $1.5 billion by 2031 (Allied Market Research,
2023). This growth signals not merely a technological upgrade but
a fundamental restructuring of the dental profession [1-24].

The central question is no longer if robots will enter dentistry,
but how they will coexist with human clinicians. Will future
dentists become supervisors of robotic systems, or will the
profession bifurcate into high-touch/humanistic care versus low-

@ @ This work is licensed under Creative Commons Attribution 4.0 License OJDOH.MS.ID.000727.

cost/automated care? This article argues for a collaborative future:
robots excelling in precision, repeatability, and force control;
humans retaining leadership in diagnosis, treatment planning,
empathy, and complex anatomical navigation [25-45]. Structure:
Section 2 reviews current robotic applications. Section 3 analyzes
the impact on specific dental specialties. Section 4 explores
new career pathways. Section 5 discusses ethical and training
implications. Section 6 concludes with a 2050 scenario [46-70].

State of the Art - Current Dental Robotics (2024-
2026)

Current Robotic Systems in Dentistry

To predict the future, one must understand the present. Three
main categories define current dental robotics:
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Haptic-Guided Implant Surgery

The most mature application is haptic (touch-feedback)
guidance for implant placement. The Neocis Yomi system (FDA
cleared since 2016) remains the leader. The surgeon holds a
handpiece connected to a robotic arm that provides physical
resistance it prevents deviation from the pre-surgical plan. The
robot does not move autonomously; it constrains. Studies show
Yomi increases accuracy to within 0.2mm, reducing risk to the
inferior alveolar nerve [71-89].

Autonomous Tooth Preparation

Systems like Dentatus AA-1000 (experimental) can
autonomously prepare Using 3D and Al
segmentation, the robot mills the tooth structure to the exact
design. Early trials show superior marginal integrity compared to

freehand preparation, though cycle times remain longer.

cavities. scans

Archwire Bending and Prosthesis Fabrication

While technically CAD/CAM, robotic arms (e.g., SureSmile)
now bend orthodontic archwires and mill dentures. These are
offline robots no direct patient interaction but they reduce dental
technician workload, indirectly affecting clinic workflows [90-110].

Limitations of Current Systems

Current robots lack general intelligence. They cannot
differentiate caries from healthy dentin in real-time, manage
unexpected bleeding, or navigate mobile patients. Every system
requires a human to set the plan, verify the robot’s workspace, and

handle emergencies.
Impact on Clinical Workflow and Roles
How Robotics Reshapes the Dental Team

The introduction of robotics does not simply add a machine; it
reorganizes human responsibilities.

The Pre-Clinical Phase - Increased Responsibility for the
General Dentist

In today’s model, a specialist performs complex planning.
Tomorrow, Al-driven planning software (e.g., Diagnocat, Overjet)
will automatically segment CBCTs, propose implant positions,
and simulate biomechanics. The general dentist becomes the plan
approver - a role requiring advanced spatial reasoning and risk
assessment, not just manual dexterity.

The Intra-Operative Phase - Role Shift from Operator to
Supervisor

During robotic implant placement, the dentist’s primary duty
changes: monitoring haptic feedback, observing patient comfort,
and being ready to override. This demands a new skill: system
supervision. The future dentist must understand robot kinematics,
sensor malfunction indicators, and emergency stop protocols [111-
123].

The Post-Operative Phase - Data-Driven Follow-up

Robots generate precise logs of force, angle, and time. This data
feeds machine learning models to predict healing complications.
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The dentist’s role expands into data interpretation - identifying
patterns across hundreds of robotic cases to personalize post-op
care.

Impact on Dental Assistants and Hygienists

Routine scaling and polishing are candidates for semi-
autonomous robotic systems. Already, Al-driven ultrasonic scalers
(e.g., Perio-Al) are in trials. The dental hygienist’s future may
involve managing a “scaling robot” for 4-6 patients simultaneously,
focusing instead on oral hygiene education and periodontal risk
counseling - areas where human empathy is irreplaceable [124-
139].

Specialty-by-Specialty Analysis - Winners and
Losers

Futures of Dental Specialties
Oral and Maxillofacial Surgery (High augmentation)

Robots excel at osteotomies and reducing salivary gland stones.
Surgeons will use robots for donor site harvesting (e.g., ramus). The
surgeon’s value shifts to managing complications and performing
free flaps - tasks too variable for current AL

Orthodontics (High displacement)

Clear aligner therapy (Invisalign) is already algorithmic.
Fully robotic archwire change robots are in development. The
orthodontist may evolve primarily into a treatment architect -
prescribing biomechanical strategies and monitoring via remote
teledentistry bots.

Endodontics (Moderate to high augmentation)

Root canal preparation requires tactile sensitivity. Haptic
robots that sense a “lateral canal pop” could reduce perforation
risk. However, calcified and aberrant anatomy will remain human
territory. Endodontists will train with robotic simulation for rare
anomalies.

Prosthodontics (Low direct robotics, high indirect)

Robots cannot yet manage a mobile tongue or cheek during
impressions. However, intraoral scanners and automated denture
mills (e.g., Dentca) are ubiquitous. The prosthodontist becomes a
digital sculptor - using haptic pens and VR to design restorations
that a robot then mills.

Pediatric Dentistry (Low robotics)

Children present unpredictable movement and anxiety. Robots
are currently contraindicated. Pediatric dentists will survive
largely unchanged, though they may use robot-based distraction or
educational robots to explain procedures [140-159].

Conclusion: High-skill, high-variability specialties (oral

surgery) will be augmented. Low-variability, pattern-based
specialties (orthodontics) face partial commoditization.

New Career Pathways in Robotic Dentistry
Emerging Jobs for the Future Dentist

The introduction of robots generates roles that do not exist
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today:
Robotic Dental Surgical Planner

A dentist who works remotely (or in-clinic) using advanced
simulation software to design every robotic movement. This role
requires understanding of robot kinematics, materials science, and
anatomy.

Cobot Safety and Calibration Specialist

A dental technician upgraded to a robotic maintenance
professional. They calibrate haptic forces, sterilize robotic drapes,
and validate software updates. Dental schools will offer dual-degree
pathways (DDS + Mechatronics certificate).

Al-Dentist for Triage and Emergency Guidance

Low-acuity patients could be managed by a robotic kiosk
(with Al voice and a camera) that diagnoses caries via bitewings
and even performs air abrasion for micro-cavities. Human dentists
will supervise fleets of such kiosks from central “digital operation
centers.”

Teledentistry Robot Operator

In rural areas, a dental robot with a remote control interface
allows a specialist 500km away to perform a procedure. The on-
site general dentist becomes a “hands” assistant while the remote
operator drives the robot [160-178].

Ethics and Patient Relations Manager for Automation

As robots make clinical errors, new legal and ethical questions
arise. Large group practices will employ a dentist-ethicist to explain
robotic error rates to patients, obtain informed consent for robot
use, and manage liability.

Educational Transformation - Teaching the Robot-
Ready Dentist

Redesigning Dental Curricula for 2035

Current dental education emphasizes psychomotor skill
(class II amalgam prep on a mannequin). By 2035, 70% of those
psychomotor tasks may be robotic. What should be taught instead?

Core Competencies for the Robotic Era

- Digital anatomy segmentation - manually correcting Al
segmentations of CBCTs.

- Robotic workflow programming - defining safe zones, force
limits, and emergency sequences.

- Human-robot interaction (HRI) - understanding when to trust
the robot and when to disengage.

- Data literacy - reading robot performance logs and identifying
systematic biases.

Simulation and Reversal Training

Students will practice “robot failure drills” - e.g., a haptic
robot locking in maximum resistance. They must quickly switch to
hand instrumentation. This reversal training ensures dexterity is
retained as a backup, not a primary skill.
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New Accreditation Standards

The Commission on Dental Accreditation (CODA) will require
robotics modules. A new specialty: Dental Robotics and Automation
may emerge, with a 2-year fellowship after DDS.

The End of “Hands-On” as the Gold Standard

Historically, a dentist’s skill was judged by handpiece artistry.
In 2050, skill will be judged by accuracy of digital planning and
efficiency of robot supervision. The best dentist may never touch a
handpiece clinically [179-194].

Ethical, Legal, and Economic Implications
Challenges and Risks
Liability and Malpractice

Who is responsible when a robot drills into the inferior alveolar
nerve? The surgeon who planned the case? The robot manufacturer?
The hospital that failed to calibrate? Courts will need new tort
frameworks. Likely solution: joint liability with mandatory cyber
insurance.

The Digital Divide in Dentistry

Robotic systems cost $150k-$400k. Wealthy urban clinics will
adopt them, increasing precision and decreasing chair time. Rural
and low-income clinics will lag. This may create a two-tier system:
robot-precision care for the insured, and traditional freehand for
Medicaid patients. Policy intervention (government subsidies for
dental robots in public health) may be necessary [195-205].

Deskilling and Emergency Readiness

If a generation of dentists trains exclusively on robots, what
happens in a disaster (e.g., cyberattack, power grid failure) that
disables all robots? Future curricula must mandate regular “analog
days” where students use only hand instruments.

Patient Acceptance

Surveys indicate 40-60% of patients are uncomfortable with
a robot operating in their mouth. Brands will need to design
anthropomorphic or clearly “assistive” robot appearances (no
spider-arms). Informed consent forms will include robot-specific
risks and benefits.

A Scenario for 2050 - A Day in the Life of Dr. A.lL
Chen

Fictional Case Study: The Collaborative Dental Practice,
2050

7:00 AM: Dr. Chen reviews overnight reports. Her three robots
(two haptic Yomi-6 and one autonomous PrepBot) performed
four crown preps and two implant osteotomies under remote
supervision. No anomalies logged.

8:30 AM: Patient John, age 45, for implant #46. Chen does not
enter the operatory initially. She sits at a planning station, confirms
Al-segmented mandibular nerve, approves the robotic path. The
robot positions itself. Chen enters, places the handpiece, and
enables robot assist. She feels the haptic “digital fence” - it allows
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motion only within 0.3mm of plan. Chen’s hand guides, but the
robot prevents error. Placement completed in 11 minutes (previous
freehand: 22 minutes).

10:00 AM: Emergency. Patient Mary, sudden tooth #14 fracture.
The autonomous PrepBot cannot handle the unpredictable pulp
exposure. Chen disables the robot, switches to a microsurgical
handpiece, and completes a Cvek pulpotomy manually. This
demonstrates irreplaceable human judgment [206-214].

1:00 PM: Teledentistry session. A rural clinic 200 miles away
has a basic robotic manipulator. Chen connects remotely, sees a
pediatric patient with a lingual frenum restriction. She drives the
robot to perform a laser frenectomy while a local assistant retracts
the tongue. Procedure cost: $250 (versus $1,200 for travel to city).

4:00 PM: Continuing education - a module on “Robotic
Calibration for Zygomatic Implants” Chen is earning micro-
credentials toward a fellowship in Robotic Maxillofacial Surgery.

Conclusion of scenario: Dr. Chen does more procedures per
day with less physical fatigue. She has not lost her job; she has
expanded her reach. The robot is her powerful stethoscope, not her
replacement[215-222].

Conclusion

The future of work in dentistry is not a choice between human
clinicians or robots. It is a future of symbiotic intelligence where the
robot’s micron-level precision and fatigue-free operation combine
with the dentist’s contextual judgment, ethical reasoning, and
emotional connection to the patient.

Four conclusions emerge from this analysis:

Employment will shift, not shrink. New roles (digital planners,
robotic supervisors, remote operators) will replace some traditional
chairside tasks, but overall dental employment is likely to grow due
to increased access and demand for robotics-augmented care.

The economic barrier is the greatest constraint. Robotics will
first concentrate in high-volume implant and surgical centers.
Widespread adoption depends on falling sensor costs and
reimbursement models that reward precision (e.g., lower revision
rates).

Education must reinvent itself immediately. Dental schools still
teaching only plastic teeth and handpieces are preparing graduates
for a 2020 world, not a 2050 world. Robotics simulation should be
mandatory by 2030.

Humanistic skills become premium assets. As robots handle
technical precision, the value of empathy, communication, and
ethical navigation will rise. The best-paid dentists of 2050 may not
be the best technicians, but the best calmers of anxious patients
and explainers of complex robotic procedures.

Final statement: The roboticrevolution in dentistryis inevitable.
Those who fear being replaced by a robot should instead learn to
lead one. The future dentist is not a less skilled manual worker they
are a more skilled captain of a digital-physical care team.
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