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This abstract explores the transformative impact of artificial intelligence (Al) on the field of orthodontics.
We discuss how Al-powered tools are enhancing the precision and efficiency of orthodontic diagnosis,
treatment planning, and outcome prediction. The abstract highlights key applications, including automat-
ed cephalometric analysis, 3D image segmentation for virtual setups, and the use of machine learning
models to predict treatment duration and stability. Furthermore, we examine the integration of Al in clear
aligner therapy, where algorithms optimize tooth movement sequences and manufacturing processes. The
abstract concludes by considering the future potential of Al in creating personalized and patient-specific
treatment protocols, ultimately leading to improved clinical outcomes and a more streamlined orthodontic

)

J

*Corresponding author: Dr. Omid Panahi, University of the Nevada, Reno, Department of Medicine, Vir-

ginia, USA.

Submitted: 13.08.2025

Accepted: 18.08.2025

Published: 25.08.2025

Keywords: Artificial Intelligence, Orthodontics, Diagnosis, Treatment Planning, Machine Learning, Cepha-

lometric Analysis, Clear Aligner Therapy

Introduction

The field of orthodontics, traditionally rooted in the
meticulous art of manual diagnosis and mechanical
intervention, is on the cusp of a profound transfor-
mation driven by the rapid evolution of artificial
intelligence (Al). For decades, orthodontic practice
has relied on the trained eye of the clinician to in-
terpret two-dimensional cephalometric radiographs,

physically segment dental models, and manually plan
tooth movements. This time-intensive and subjective
process, while effective, has inherent limitations in pre-
cision, efficiency, and the potential for human error. The
advent of Al and its subfields, such as machine learning
and deep learning, presents a paradigm shift, promising
to augment human expertise, streamline workflows,
and ultimately elevate the standard of patient care.
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The integration of Al into orthodontics is not mere-
ly an incremental improvement; it represents a fun-
damental rethinking of how we approach clinical
problems. Al algorithms are now capable of analyz-
ing vast datasets including radiographic images, 3D
intraoral scans, and patient records—at a speed and
scale impossible for a human clinician. This analyti-
cal power unlocks new possibilities in diagnosis and
treatment. For example, Al can perform automated
cephalometric analysis in seconds, accurately identi-
fying and tracing anatomical landmarks that are crit-
ical for assessing skeletal and dental relationships
[1-30]. This not only saves significant clinical time
but also reduces inter- and intra-observer variability,
leading to a more consistent and objective diagnosis.
The application of Al extends far beyond static di-
agnosis. In treatment planning, Al is proving to be
a game-changer, particularly in the realm of clear
aligner therapy. Traditional clear aligner protocols
often rely on a one-size-fits-all approach to tooth
movement. However, Al algorithms can create
highly personalized and biomechanically optimized
treatment plans. By simulating thousands of poten-
tial tooth movements and predicting their outcomes,
Al can identify the most efficient and stable path to a
desired result. This predictive capability allows clini-
cians to anticipate challenges, such as root resorption
or unwanted side effects, before they occur, enabling
proactive adjustments to the treatment plan. This
level of predictive analytics transforms treatment
planning from an educated guess into a data-driven
science [31-52].

Furthermore, Al is poised to enhance the entire pa-
tient journey, from initial consultation to retention.
Al-powered software can assist in patient communi-
cation by generating visual simulations of treatment
outcomes, helping patients better understand and
commit to their care. During treatment, Al can mon-
itor tooth movement from intraoral scans and pa-
tient-submitted photos, providing real-time feedback
to both the clinician and the patient. This continuous
monitoring can detect deviations from the treatment
plan early, allowing for timely intervention and pre-
venting delays. Post-treatment, Al can help predict
the risk of relapse, guiding clinicians in designing
more effective and personalized retention protocols.

This paper will delve into the various applications
of Al in modern orthodontics, exploring how these

technologies are not only enhancing existing practices
but also creating entirely new possibilities. We will
examine the core principles of Al and machine learn-
ing as they apply to orthodontics, focusing on key ar-
eas such as automated diagnosis, advanced treatment
planning, and outcome prediction. By exploring these
innovations, we aim to provide a comprehensive over-
view of how Al is shaping the future of the field, of-
fering a glimpse into an era of more precise, efficient,
and personalized orthodontic care. The synergy be-
tween human expertise and Al will be the cornerstone
of this new era, enabling clinicians to move beyond
manual tasks and focus on the strategic and compas-
sionate aspects of patient care [53-63].

Challenges and Considerations

Challenges to the widespread adoption of Al in or-
thodontics are significant and span several key areas,
including data, ethics, and clinical integration. The
successful application of Al relies heavily on large,
diverse, and high-quality datasets for training algo-
rithms. However, a major challenge is the availabil-
ity and quality of data. Many existing orthodontic
records, such as radiographs and 3D scans, are often
housed in fragmented, proprietary systems, making
it difficult to create the massive, centralized datasets
needed for robust Al development. Data privacy con-
cerns, governed by regulations like HIPAA, further
complicate the sharing and aggregation of patient in-
formation. Additionally, the data must be meticulous-
ly labeled and annotated by experts, a process that is
both time-consuming and expensive [64-78].

Another critical challenge is the validation and clini-
cal integration of Al tools. For Al to be trusted by cli-
nicians and adopted into everyday practice, its accu-
racy and reliability must be rigorously proven through
extensive clinical trials. Currently, there is a lack of
standardized protocols for validating AI’s perfor-
mance in orthodontic applications. Orthodontists also
need to be properly trained on how to use and interpret
Al outputs. A reliance on Al without a foundational
understanding of the underlying principles could lead
to a loss of clinical skills, or “de-skilling,” in the pro-
fession.

Ethical and legal considerations also pose significant
hurdles. The use of Al in diagnosis and treatment plan-
ning raises questions about liability. If an Al system
makes an error that leads to a negative patient outcome,
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who is responsible the developer of the algorithm,
the orthodontist who used it, or the patient for con-
senting to an Al-assisted treatment? There are also
concerns about algorithmic bias. If the training data
is not diverse, the Al model may perform poorly on
certain patient populations, potentially leading to
disparities in care. Ensuring fairness, transparency,
and accountability in Al decision-making is essential
for its ethical deployment in orthodontics[79-90].

Future Works

The integration of artificial intelligence (Al) into or-
thodontics promises to revolutionize the field, cre-
ating new paradigms in patient care, diagnosis, and
treatment planning. As Al technologies continue to
advance, several key developments are anticipated
to shape the future landscape of orthodontics:
Personalized and Predictive Treatment Planning

Al will enable highly personalized treatment strat-
egies tailored to the unique anatomical and biologi-
cal characteristics of each patient. By analyzing vast
datasets, including genetic information, lifestyle
factors, and treatment outcomes, Al systems will
predict individual responses to various orthodontic
interventions with unprecedented accuracy. This will
optimize treatment efficacy while minimizing dura-
tion and adverse effects.

Real-Time Monitoring and Adaptive Treatments
The future will see widespread adoption of smart or-
thodontic devices embedded with sensors that con-
tinuously collect real-time data on tooth movement
and patient compliance. Al algorithms will analyze
this data to dynamically adjust treatment plans, al-
lowing for adaptive interventions that respond to
changes in tooth position, bone density, and patient
behavior—ultimately improving treatment outcomes
and patient experience.

Enhanced Imaging and Diagnostic Tools

Al-powered imaging tools will achieve greater pre-
cision in detecting subtle anatomical variations and
pathologies. Advanced machine learning models
will integrate multimodal imaging data, such as 3D
cone-beam computed tomography (CBCT), intraoral
scans, and facial photographs, to deliver comprehen-
sive diagnostics and early detection of potential com-
plications, facilitating proactive treatment measures.

Automation and Workflow Efficiency

Routine and labor-intensive tasks-such as cephalo-
metric analysis, bracket placement, and appliance de-
sign—will be increasingly automated through Al-driv-
en systems. This will free orthodontists to focus more
on complex decision-making and patient communica-
tion while also reducing errors and improving work-
flow efficiency within clinics.

Integration with Teleorthodontics and Virtual Care
The rise of teleorthodontics, supported by Al diag-
nostics and remote monitoring, will make orthodontic
care more accessible, especially in underserved or re-
mote areas. Virtual consultations powered by Al can
provide preliminary assessments and treatment rec-
ommendations, reducing barriers to care and improv-
ing patient engagement.

Ethical and Regulatory Considerations

As Al becomes integral to orthodontics, ethical frame-
works and regulatory guidelines will evolve to address
issues related to data privacy, algorithm transparency,
and accountability. Ensuring equitable access to Al
technologies and safeguarding against biases in train-
ing datasets will be critical to fostering trust and max-
imizing the benefits of Al-enhanced orthodontic care.

Conclusion

Addressing concerns related to data availability, pri-
vacy, and algorithmic bias is crucial for ensuring that
the benefits of Al are equitably distributed across all
patient populations. Furthermore, the successful adop-
tion of these technologies will require a new emphasis
on clinician education and training, ensuring that Al
serves as a powerful augment to human expertise, not
a replacement for it. The future of orthodontics lies
in this symbiotic relationship between the clinician
and the machine, where the orthodontist’s strategic
judgment and empathy are amplified by the analytical
power of Al

In conclusion, Al is not just a tool; it is a catalyst for
a more intelligent, predictable, and patient-centered
practice. By embracing these advancements, ortho-
dontics will continue to evolve, offering better clinical
outcomes, more comfortable patient experiences, and
a streamlined, data-driven approach to creating beau-
tiful, healthy smiles. The digital future of orthodontics
is not coming; it is already here, and its potential to
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revolutionize the field is boundless.
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