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Abstract

The next decade (2026-2035) will witness the most significant transformation in oral surgery since the introduction of the dental handpiece.
Robotic systems, currently validated for implant osteotomies, are evolving toward autonomous, Al-driven operation. This article examines the
immediate horizon (5-10 years) for robotic dental surgery. It analyzes three critical vectors: the shift from passive guidance to autonomous
execution; the integration of intraoperative Al for real-time adaptation; and the expansion of robotic applications beyond implants into endodontics,
orthognathic surgery, and emergency care. While the dentist will remain the ultimate responsible party, their role will shift from “operator” to
“surgical supervisor” or “pilot.” This paper synthesizes recent clinical evidence (2024-2026), market forecasts, and expert opinion to present a

roadmap for the near-future robotic surgical practice.
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Introduction

It has been roughly a decade since the FDA cleared the first
robotic system for dental surgery (Yomi, Neocis, 2017). The initial
decade was one of cautious validation: proving that robots could
safely guide a drill in static bone. We are now entering the second
decade the era of integration and autonomy [1-30].

The “near future” (2026-2035) is distinct from science fiction.
It is defined by technologies that are currently in clinical trials,
awaiting regulatory approval, or overcoming the final barrier of
high costs. According to Mordor Intelligence, the robotic dentistry
market was valued at approximately $576 million in 2025, with
a projected compound annual growth rate (CAGR) of over 16%
through 2030 . However, the surgical segment is growing faster,

@ @ This work is licensed under Creative Commons Attribution 4.0 License OJDOH.MS.ID.000728.

potentially reaching $1.5 billion by 2030 as software and Al services
replace hardware as the primary revenue driver [31-41].

This paper argues that within five years, robotic assistance
will become the standard of care for specific high-precision
procedures (e.g., full-arch implants, sinus lifts). Within ten years,
semi-autonomous robots will perform routine osteotomies without
real-time human manipulation, with the dentist serving as a multi-
chair supervisor [42-58]. The central thesis is not replacement,
but augmentation. This article will dissect the technical trajectory,
the changing role of the oral surgeon, the economic realities of
adoption, and the emerging ethical landscape of robotic surgery in
the mouth.

Page 1 of 9


http://dx.doi.org/10.33552/OJDOH.2026.09.000728
https://irispublishers.com/index.php
https://irispublishers.com/ojdoh/

Online Journal of Dentistry & Oral Health Volume 10-Issue 1

The Current State of Play (Foundation for the
Future)

Where We Stand Today: The Validation Era

To understand the near future, we must acknowledge the rapid
maturation of current systems. The past 24 months (2024-2026)
have solidified the evidence base for robotic precision [59-75].

Accuracy Benchmarks

Recent meta-analyses and comparative studies have quantified
the superiority of robotic assistance over freehand and static
navigation. A scoping review published in early 2026 found that
across 27 studies, robotic systems demonstrated a mean coronal
deviation of just 0.45 mm and an angular deviation of 0.80 degrees.
This is sub-millimeter precision [76-90].

- Comparison: Fully autonomous robotic systems achieve
angular deviations approximately 53% lower than dynamic
navigation systems and vastly superior to freehand techniques.

- Human Factors: This precision eliminates the physiological
tremor of the human hand and the fatigue that sets in during long
surgeries [91-116].

Clinical Validation in Complex Cases

The technology has moved from simple single-tooth implants
to complex protocols. A prospective 10-patient series published in
April 2026 evaluated robot-assisted “socket shield” technique (a
complex procedure preserving the tooth root for aesthetics). The
results showed mean angular deviation of just 1.20 degrees and
high patient satisfaction (VAS >80%) with zero intra-operative
complications [117-123].

Artificial Intelligence Integration (The “Brain”)

Current systems rely on the “brain” (surgical software) as much
as the “hand” (robot). Al is now being used to automatically segment
CBCT scans and even decide implant feasibility. A 2026 randomized
controlled trial is actively comparing Al-guided CBCT planning
versus manual planning for immediate implant placement in
molars. The Al system analyses interradicular septum dimensions
in seconds a task that takes a human radiologist minutes [124-145].

Conclusion for the Near Future: The technical precision is
already proven. The bottleneck is no longer if the robot can do it,
but how we integrate the workflow and who pays for it.

The Near-Future Shift - Levels of Autonomy
From Haptic Guidance to Autonomous Execution

The leap in the near future is defined by autonomy levels.
Currently, most commercial systems are “Level 1” (Robot-Assisted/
Telerobotic). The near future will see widespread “Level 3”
(Conditional Autonomy) and the emergence of “Level 4” (High
Autonomy) [146-169].

Level 1 (Current): Haptic Constraint

Example: Yomi. The surgeon holds the handpiece; the robot
pushes back to prevent deviation.
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Near Future Status: This will remain the standard for high-risk
anatomy (inferior alveolar nerve proximity) where the surgeon
wants maximum tactile control.

Level 2 (Near Future - 1-3 years): Shared Control

Example: Autonomous drilling with human stop. The robot
moves the drill autonomously along a pre-set trajectory. The
surgeon’s only job is to press an “emergency stop” dead-man switch.

Impact: This dramatically reduces surgery time. Full-arch
implant placements currently taking 3 hours could be reduced to
90 minutes[170-179]. The surgeon becomes a supervisor, not a
driver.

Level 3 (Mid-Future - 5-7 years): Conditional Autonomy

The Robot adapts. Using real-time optical coherence

tomography or bone density feedback, the robot will adjust drilling
speed and depth mid-procedure based on tissue resistance.

Al Role: The system will detect a “lingual undercut” or “sinus
floor” automatically and alter the path without human command.

Surgeon Role: Managing the patient’s general condition and
handling the “soft tissue flap” (elevation/suturing), which robots
still cannot do well.

Level 4 (7-10 years): High Autonomy (Single Task)

Scenario: The patient is registered, the robot exposes the
surgical site, drills the osteotomy, places the implant, and torques
the abutment. The dentist merely supervises remotely via a tablet.

Table: Autonomy Levels in Dental Surgery (2026-2035)
Level Name Execution Surgeon Role Timeframe

1 Robot-Assisted Human with Haptic Stop Operator Current
(2026)

2 Shared Control Robot moves, Human supervises Supervisor
1-3 Years

3 Conditional Robot adapts in real-time Remote Manager 5-7
Years

4 High Autonomy Full procedure (single task) Spectator /
Multiple chairs 7-10 Years

Expansion of Surgical Indications (Beyond
Implants)

The Expanding Surgical Portfolio

While implantology is the “killer app,” the near future will
see robotic surgery spread rapidly to other painful, precision-
dependent procedures.

Endodontics (Micro-Robotics)

The greatest unmet need in endodontics is negotiating calcified
canals. Current manual files break easily. The near future will
see micro-robotic guide wires (similar to vascular robotics) that
navigate the root canal system autonomously.
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- Market Data: Endodontic robotics is currently the fastest-
growing application segment (19.25% CAGR).

- Benefit: Reduction in perforation risk and the ability to clean
complex apical anatomy that currently requires microsurgery
[180-194].

Periodontal Surgery

Robotic debridement and laser ablation. Current “smart
scalers” will evolve into robotic arms that map the root surface and

remove calculus without touching cementum.
Maxillofacial & Orthognathic Surgery

Cutting bone (osteotomies) in jaw reconstruction requires
millimeter precision to avoid damaging nerves. In the near
future, robotic saws guided by pre-op CBCT will perform Le Fort I
osteotomies for orthognathic surgery.

Evidence: Zygomatic implant placement (traditionally a
very high-risk blind procedure) has already been performed
autonomously with comparable accuracy to conventional methods.

Emergency & Teledentistry

Remote robotic surgery (Tele-robotics) will emerge for rural
areas. A general dentist on site retracts the cheek, while a specialist
specialist 500km away drives the robot via 5G to suture a laceration
or drain an abscess.

The Human Factor - The Dentist as Pilot
Evolution of the Surgical Role

The “near future” dentist will look different from the dentist
of 2020. The premium will shift from manual dexterity to spatial
intelligence and system management.

The “Pilot” Metaphor

Just as a modern airline pilot spends most of the flight
monitoring systems rather than physically flying, the robotic
surgeon will spend most of the surgery watching the screen and
interpreting data.

- New Skill 1: Workflow Verification. Did the Al correctly
segment the mandibular canal? Did the software merge the CBCT
and intraoral scan accurately? This is a cognitive, not manual, skill.

- New Skill 2: Override Judgment. Knowing exactly when to
hit the emergency stop. Human intuition regarding bleeding or
unexpected tissue texture remains superior to sensors [195-208].

Ergonomics and Longevity

Dentistry has high rates of musculoskeletal disorders (back,
neck, hand pain). Robotic arms bear the load. The near future
offers “exoskeleton” style assistance for holding retractors and
handpieces. This will extend the working life of surgeons by 10-15
years.

Training Shifts

Dental schools are already adapting. By 2028, residency
programs will likely require certification in “Robotic Surgical
Assistance.”
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- Simulation: Students will train on haptic simulators (like flight
simulators) before touching a patient.

- Curricula: The focus will shift from “cutting a class II cavity” to
“programming a robotic path for a class Il inlay.”

Market & Economic Drivers (2026-2030)
Why Adoption Will Accelerate Now

For the past five years, cost has been the primary barrier
(systems costing $150k-$400Kk) However, four converging
economic trends will drive adoption in the immediate near future.

The Multi-Clinic (DSO) Model

Large Dental Service Organizations (DSOs) are pooling capital.
Instead of buying one robot for one office, they buy one robot to be
shared among 5-7 offices or placed in a central “Surgery Center.”

- ROI: A $200,000 robot that reduces surgery time by 40% and
reduces revision surgeries (which cost money and reputation) pays
for itself within 12-18 months in high-volume implant centers.

Software as a Service (SaaS)

The hardware is becoming cheaper; the value is moving to the
software. The 20.43% CAGR for software/services indicates that
subscription models ($X per surgery or $Y per month) are lowering
the entry barrier for solo practitioners.

Reimbursement Expansion

Insurers are taking note of lower complication rates. In the US
and Europe, coverage for “robot-assisted oral surgery” is expanding.
Once reimbursement codes are standardized globally (by 2028),
demand will skyrocket.

Consumer Demand (The “Premium” Factor)

Patients are becoming tech-savvy. Marketing a “laser-guided
robot” for implant placement is a powerful differentiator. In
competitive markets (UAE, South Korea, US metros), patients are
willing to pay a 20-30% premium for robot-assisted “precision”
surgery.

Remaining Barriers & Risks
The Limits of the Near Future

Despite the optimism, significant barriers will prevent full
autonomy for at least a decade.

Soft Tissue Management

Current robots cannot handle soft tissue mobility. The tongue,
cheek, and lips move. Robots cannot suture (yet).

- Impact: The robot will drill the hole, but the human must still
cut the flap, retract the tissue, and close the wound.

Cost Disparity (The Two-Tier System)

While DSOs will adoptrobots, the solo practitionerinarural area
may not. This risks a two-tier healthcare system: “Robot-precision”
for the insured rich, and “Freehand” for the underprivileged. Ethical
guidelines will be needed to prevent this [209-217].
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Cybersecurity

A networked surgical robot is a hacking target. If a ransomware
attack locks the robotic arm during a sinus lift, the patientis in crisis.
Near-future clinics must have robust “analog backup” protocols and
cyber insurance.

Regulatory Lag

The FDA and CE mark process for “Autonomous” (Level 3+)
systems is slow. Even if the technology exists in a lab in 2028, it may
not reach the market until 2031.

A Day in the Life - 2031
Scenario: The Clinic of 2031
Time: 8:00 AM.

Dr. Lee enters the “Robotic Suite” She does not touch a
handpiece today.

- 8:30 AM - Patient A (Implant #19): The Yomi-3 (Level 2
system) is set up. Dr. Lee loads the Al-planned path. She presses
“Start.” The robot drills the osteotomy autonomously in 45 seconds
(manual time: 5 minutes). Dr. Lee inserts the implant manually (she
likes the tactile feel). Total chair time: 20 minutes.

+9:30 AM - Patient B (Calcified Molar): The EndoBot (Level 3) is
used. Dr. Lee defines the target apex. The micro-robot navigates the
calcified canal using 3D impedance sensors. Dr. Lee reads a journal
article on a tablet while listening for the “completion” chime. The
robot finishes in 8 minutes.

- 11:00 AM - Emergency (Facial Laceration): A child arrives
bitten by a dog. Dr. Lee uses the TeleSuture robot. A remote
maxillofacial surgeon 200 miles away controls the robotic arms via
5G to perform the cosmetic closure. Dr. Lee acts as the “local hands”
(retracting, irrigating).

- 1:00 PM - Training: Dr. Lee reviews the “Performance Log”
from the morning surgeries. The Al suggests she could have placed
Implant #19 0.2mm more mesially for better aesthetics. She accepts
the feedback [218].

Conclusion: Dr. Lee is not a technician; she is a surgical systems
manager. Her value lies in her ability to plan, supervise, and handle
exceptions not in her ability to hold a drill steady.

Conclusion
The Next Five Years: A Realistic Summary

The “near future” of robotic dental surgery is not about
Terminator-like robots replacing dentists. It is about the
augmentation of human capability through increasingly intelligent
tools.

In the next 5-10 years, we will see

1. Precision Standardization: Robotic assistance will become
the standard of care for multi-unit implant reconstructions and
complex endodontic retreatments due to superior accuracy
(=0.5mm deviation).
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2. Role Evolution: The oral surgeon will evolve from “operator”
to “supervisor” The clinical skills of the future are digital
planning, Al data verification, and crisis management not
freehand drilling speed.

3. Economic Stratification: Adoption will be driven by DSOs
and premium clinics initially, creating a market bifurcation.
However, falling software subscription costs will democratize
access by 2030.

4. Persistent Human Dominance: Robots will not suture,
manage unpredictable bleeding, or navigate highly mobile soft
tissue effectively within this timeframe. The human dentist is
essential for the start (diagnosis, flap) and finish (suturing,
follow-up) of surgery.

Final Statement: The robotic surgical system is the most
accurate “hand” dentistry has ever had, but it still requires a human
“brain” and “heart” The near future belongs to the dentist who
learns to code, supervise, and lead not just cut.
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