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Introduction

For years, the nofion of arfificial intelligence (Al] playing a central role in dentistry
seemed like a futuristic dream. Today, Al is not only a reality but a transformative force
reshaping numerous aspects of our lives, and its impact on the dental profession is
becoming increasingly profound. Fueled by advancements in machine leaming
(ML), deep learning, and computational power, Al is poised to revolutionize how we
diagnose, freat, and manage dental care, promising improvements in patient outcomes,
practice efficiencies, and access to care.

Al: Unpacking the Power Behind the Promise

At its core, Al involves creating systems capable of performing tasks that traditionally

require human intelligence, such as understanding language, making decisions, and

recognizing patterns! Machine learning, a key component of Al, empowers these
systems fo learn from data without explicit programming, refining their performance as
they encounter more information.?. Deep learning takes this further, employing infricate
neural networks to analyze vast dafasets, uncovering subtle relationships and patterns
beyond human capabilifies.®

Al's infegration info dentfistry is no longer a theoretical prospect but a tangible reality.

Here's a closer look at ifs present applications:

*  Advanced Diagnostic Capabilities: Al algorithms can analyze complex dental
radiographic images (bitewings, periapicals, panoramic images, and cone-
beam computed tomography [CBCT] scans) with remarkable precision. (Fig. 1)
They can detect subtle indicators of early caries, periapical lesions, periodontal
bone loss, and even complex fractures, often outperforming human clinicians in
accuracy.*® Al can identify early enamel caries and bone loss more efficiently
than conventional methods, while also saving valuable time for dentists.® As noted
in my previous arficle in International Dentistry, Al algorithms are unaffected by
human conditions like fatigue, which can help to promote consistency and reduce
the chance of human error.”

®  Precision-Driven Treatment Planning: Al is proving invaluable for treatment
planning in complex cases such as implant placement, complex endodontic
procedures, and orthognathic surgeries (Fig. 2). Al can analyze CBCT scans
with high accuracy to calculate optimal implant positions while avoiding vital
structures such as the inferior alveolar nerve’ (Fig. 3). Furthermore, as highlighted
by Engelschalk et al., Al renders segmented 3D models, leading to enhanced
precision 8 (Fig. 4). Al-driven planning tools can also be applied to other areas,
such as predicting orthodontic freatment outcomes (Fig. 5) and patient response fo
various restorative procedures.

*  Boosting Efficiency and Streamlining Workflows: Al's ability to automate time-
consuming tasks is changing dental office operations.” Automated dental charting
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Fig. 1: An Al report (Diagnocat, Miami, USA) performed on a full-mouth intraoral series of a patient - detecting primary and secondary
caries, periodontal, endodontic, and periapical pathologies, as well as signs of previous treatments. Two minutes on average are

required for generation of this report.

and fast, accurate measurements for root canal analysis,
periodontal probing depth, and cephalometric analysis
for orthodontics (Fig. 6] significantly reduce the time
spent on manual tasks, thereby allowing dentists to focus
more on patient interactions and complex procedures.
* Enhancing Patient Education and Engagement: Al-
powered fools are enhancing patient communication
by generating detailed 3D models and simulations from
patient scans.” These tools allow patients to visualize
freatment plans and outcomes, which in turn fosters
better understanding and treatment compliance.”
Support  Systems: Al
analyze diverse patfient dafa fo provide dentisfs
with comprehensive reports and insights that assist in
freatment planning and diagnosis." This helps dentists
make more informed decisions, leading to improved
outcomes.”

* Providing Decision fools

Future Prospects: A Glimpse into Tomorrow’s
Dentistry
The current applications of Al are just the start. The future
holds tremendous potential for even more transformative
advancements, including:
1. Personalized preventative care: ai systems will soon
analyze a patient's genefic makeup, lifestyle, and
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Figure 2: Al-generated endodontic report (Diagnocat, Miami,
USA) allows easy visualization of the root canal anatomy and
shape, as well as precise measurement of the periapical lesion
volume for improved treatment planning.
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Figure 3: Al-generated endodontic segmentation, including a multiplanar viewer (Diagnocat, Miami,
USA). In its newest generation, precise segmentation allows excellent visualization of the root canal

anatomy.

oral microbiome to predict their risk of developing
dental diseases.” This will enable highly personalized
prevenfafive strategies fo significantly reduce the
incidence of dental diseases.

2. Real-time intraoperative guidance: ai, combined
with augmented reality (ar) and mixed reality (mr), will
provide clinicians with real-fime, inferactive guidance
during surgical and  endodontic  procedures,
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enhancing visualization of the surgical field, thereby
enhancing precision and safety. &

Ai-driven dental materials and design: ai will be
used fo discover new dental materials with enhanced
biological and mechanical properties, while also
automatically designing prosthefics, reducing the
need for manual fabrication and customization.”
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Fig. 4: Al-generated Implant Studio report (Diagnocat, Miami, USA) allows fast chairside planning and production of tooth-supported

surgical guides.
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Fig. 5: Al-generated Ortho Studio report (Diagnocat, Miami, USA) allows for easy planning and visualization of orthodontic treatment
outcomes, based on a combination of automated 3D cephalometry and an intraoral scan.

will be able to perform a complete oral evaluation,
flagging areas of concern, while also providing
immediate treatment recommendations, allowing
dentists to focus on complex cases.

5. Population health and epidemiology: ai can analyze
large-scale population datasets to identify trends in
dental diseases, enabling public health agencies to
implement targeted interventions and improve oral
health on a broader scale.”

Addressing the Challenges: A Responsible

Approach to Al

While Al presents incredible opportunifies, several

challenges need to be addressed fo ensure its responsible

adoption:

* Data Security and Privacy: Al's dependence on
sensifive dafa necessitates robust security measures.
Al companies prioritize  data  privacy  through
anonymization, encryption, and compliance with
regulations like HIPAA and GDPR. They often undergo
third-party audits and ufilize secure cloud infrastructure
fo ensure data protfection.®

®  Over-Reliance and Human Oversight: Al tools
are infended as supportive measures rather than
replacements for clinical judgment. Al companies are

emphasizing the importance of training and education
to prevent overreliance and to ensure dentists remain
central to the process. Moreover, some companies are
working fo provide explainable Al by demonsirating
how an Al platform arrived at a specific diagnosis, thus
increasing fransparency and avoiding any blind trust in
Al

Cost and Accessibility: Al companies are moving
tfowards subscription-based models, integrations with
existing software, and scalable solutions to improve
accessibility.*” Companies also often offer free trials
and demonstrations, which can help dentists understand
the value of the technology before investing.
Regulatory Compliance and Ethical Frameworks: Al
companies are engaging with regulatory bodies to
ensure their algorithms meet the safety and efficacy
standards, and some have sef up ethics committees to
address the ethical implications of Al technology.”

Bias and Generalization: Al models require diverse
datasets for effective training. Many companies are
focusing on curating datasefs from varied populations
fo minimize bias and ensure accuracy across all
demographics.” They also monitor model performance
fo ensure confinued accuracy and fo correct newly
discovered biases.
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Fig. 6: Al-generated cephalometric report with measurements, based on a CBCT scan (Diagnocat, Miami, USA). CBCT-based
cephalometry allows higher precision and measurement from multiple views.

Conclusion: Embracing Innovation for Better Oral
Care

Artificial intelligence is not a fleefing trend but a fundamental
shift in the dental industry. While challenges exist, the
potential benefits of Al in enhancing accuracy, efficiency,
and accessibility of dental care are too significant to ignore.
The path forward requires a commitment to responsible
innovation, continual learning, and the integration of Al to
empower dental professionals in their mission fo improve oral

health worldwide. Meanwhile, some of currently available
dental Al tools are already mature enough to be used in
the day-to-day dental practice, helping dentists provide high
quality oral care.
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