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1.

Orthodontics has traditionally relied on physical models,
manual cephalometry, and the subjective judgment of
clinicians to guide treatment decisions. However, the advent
of digital technologies such as cone beam computed
tomography (CBCT), intraoral scanning, and computer-aided
design has profoundly revolutionized the workflows within
the field. These advancements have not only improved the
accuracy of diagnostics and treatment planning but have also
enhanced the overall efficiency and effectiveness of
orthodontic care. Now, with the emergence of artificial
intelligence (Al), we are entering a transformative era that
adds a compelling new dimension to orthodontics. Unlike
traditional static tools, Al systems possess the remarkable
ability to learn from vast amounts of data, make predictions,
and adapt to evolving information. As we embrace these
technological advancements, it is crucial to recognize that Al
is not merely a tool to be used in conjunction with existing
methods. Rather, it should be seen as an indispensable copilot
in the orthodontic process, working alongside clinicians to
enhance their expertise and improve decision-making,
reshaping the ecosystem fundamentally.

Introduction

2.

2.1. Automated cephalometric analysis

Al as Orthodontic Navigator

Cephalometric tracing is a fundamental aspect of
orthodontics, playing a crucial role as a decision support
partner in treatment planning. A comprehensive meta-

analysis® reported mean localization errors of approximately
1.39 mm, demonstrating that Al systems operate well within
the clinically acceptable threshold of 2 mm. This high level
of precision not only enhances the reliability of diagnostic
outcomes but also has the potential to streamline the decision
making. Jiang et al. validated an Al system capable of
reliable landmark localization across malocclusion types and
radiograph sources.? Recent technological advances have
significantly expanded the capabilities of craniofacial
analysis beyond traditional two-dimensional methods. One
notable development is the three-dimensional surface
cephalometry system created by Tanikawa et al.® This
innovative system employs sophisticated mesh fitting
algorithms, which are enhanced by Al for the detection of key
anatomical landmarks.

Automated cephalometric software significantly reduces
tracing time when compared to traditional methods.
However, it is important to note that some discrepancies still
exist.* Similarly, commercial Al platforms (Web Ceph,
Autoceph, CephX) improve repeatability but still deviate
from expert consensus in critical parameters like mandibular
plane angle.>®

2.2. Malocclusion classification and imaging support

Convolutional neural networks (CNNs) have been applied to
classify orthodontic photographs by orientation and type of
malocclusion.” Al is highly effective in segmenting teeth and
jaws from CBCT scans, dramatically accelerating both
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diagnosis and model preparation. Reviews clearly highlight
Al’s diagnostic support capabilities, but it is crucial to
recognize that its generalizability across diverse populations
remains a significant limitation.®

3. Al as Co-planner and its Role in Treatment
Simulation

3.1. Predictive modelling of tooth movement

Effective orthodontic outcomes rely on the clinician and Al
acting as co-planners to accurately anticipate the
biomechanical responses of teeth when subjected to external
forces. Al has demonstrated a high level of accuracy in
predicting the movement of anteriors, its performance tends
to decline for more complex movements, such as the rotation
or extrusion of molars. This variability in prediction accuracy
highlights the need for continuous refinement of Al
algorithms and a deeper understanding of the intricate
biomechanics involved in orthodontic treatment.® This
underscores Al’s co-planner role: it provides projections, but
orthodontists must interpret feasibility, compliance, and
biological variability.

3.2. Integrated decision-support platforms

Li et al. introduced a platform that merges reinforcement
learning with explainable Al for orthodontic-orthognathic
planning.* The system balances various goals, including
aesthetic improvement, occlusion, and stability, providing
clinicians with alternative options.

3.3. Bridging clinical expertise and computational artificial
intelligence: A dual perspective

The ascendancy of artificial intelligence in orthodontics is no
simple technology trend but rather the convergence of
clinical insight and computational intelligence. According to
an Al expert, Al systems that support orthodontists run on top
of deep convolutional networks, graph-based learning
paradigms, and transformer architectures—each set up to
identify and understand weak spatial and morphological
patterns that might fall beyond human perception.’® The
models do not act as single black boxes; they continue to be
refined by inter-disciplinary feedback cycles from clinicians
and engineers.

In such Al copilot development pipelines, the role of the
orthodontist is not just that of a user—they act as domain
supervisor. Datasets of landmarks must first be annotated
with clinical accuracy, and such expert annotations constitute
the basis on which neural networks train themselves for
diagnostic relevance Error! Reference source not found. The eventual
workflow demonstrates the principle of human-in-the-loop
learning such that each iteration is enhanced with
computational refinement as well as clinical validation. This
equilibrium between algorithmic optimality and biological
understanding guarantees that Al becomes a copilot rather
than a disembodied automation system. Joint frameworks
increasingly utilize federated learning—a privacy-enhancing

method that allows Al systems to train on distributed
orthodontic datasets without central access to protected
patient information. This not only enhances data protection

u v - i i
but also develops a shared large-scale intelligence across
institutions.“’E"O“ Reference source not found.

The partnership of the orthodontist with the software
engineer is a new future of clinical innovation—at the
interface between medicine and mathematics, and human
skill and machine intellect. The goal is not to replace the
orthodontist's judgment but to extend it with data-based
rationality, so that orthodontics becomes a precision-guided

specialty of equal measure founded on art, science, and
Computation_Error! Reference source not found.,Error! Reference source not

found.

4. Al as a Clinical Ally

Treatment prediction visual aids convert complex clinical
data into intuitive formats, helping patients understand their
treatment journey. By illustrating the implications of
different treatment options, simulations facilitate shared
decision-making, boost patient confidence, and reduce any
anxiety or uncertainty about the process. These Al-driven
approaches transform patient engagement from a passive
process into an interactive and collaborative experience.9°
Nevertheless, studies stress that Al lacks empathy—patients
respond better to clinician reassurance than to automated

messages. The orthodontist remains central to trust and
motivation_Error! Reference source not found.

5. Ethical and Professional Considerations

Accuracy and reliability are major concerns; even when
overall error rates are low, deviations in key parameters (e.g.,
ANB angle, mandibular length) can mislead treatment plans,
requiring clinician validation.'® Bias and generalizability are
significant because models trained on homogeneous datasets
often underperform in underrepresented populations, which
can perpetuate disparities.® Orthodontists retain medico-legal
responsibility, even in instances where errors may arise from
the involvement of Al systems. Furthermore, the imperative
of data security cannot be overstated; patient imaging and
personal information necessitate stringent safeguards,
particularly in the context of cloud-based Al platforms.t’

6. Conclusion

Al in orthodontics has transitioned from a simple tool to a
powerful one that enhances, advises, and collaborates with
clinicians. It significantly boosts efficiency, accuracy, and
patient engagement, while orthodontists remain essential for
making nuanced decisions, addressing ethical considerations,
and providing empathy. By fully embracing Al as a copilot,
the orthodontic specialty will advance toward more precise,
personalized, and patient-centred care.
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