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ABSTRACT: This article has two aims: (1) To review the role of artificial intelligence (AI) in dentistry and teeth
whitening. This is completed via discussion of technical descriptions, accuracy of Al, patients’ trust in Al, teledentistry,
benefits and risks of Al, and teeth whitening color and interpretation; and (2) To introduce a new project developed by
the School of Dentistry, University of Washington (UW), one which enables access to datasets of images acquired
through clinical treatment with patients, to those individuals and organizations interested in research and development
of Al systems in teeth whitening. Access to the data repository is publicly available as a global online service, free of
charge. A detailed synopsis of the 70-year history of Al is provided for comprehensive technical, social and clinical
context of technologies and innovations previously and currently available commercially, and for those reported in
dental and health care scientific literature. The UW project is relevant during this time where unprecedented levels of
interest exist in esthetic dentistry, the technological progress and social impacts of artificial intelligence, and readily
available datasets of actual patient outcomes. (Am J Dent 2025;38 Sp Is A:9A-15A).

CLINICAL SIGNIFICANCE: A detailed synopsis of the 70-year history of artificial intelligence is provided for
comprehensive technical, social and clinical context of technologies and innovations previously and currently available
commercially, and for those reported in dental and health care scientific literature.
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Introduction
History of artificial intelligence at a glance

The birth of artificial intelligence is widely considered to
have been at the Dartmouth Summer Research Project on
Artificial Intelligence in 1956.! This was convened and
reported by John McCarthy (Dartmouth), Marvin Minsky
(Harvard), Nathaniel Rochester (IBM Corporation) and
Claude Shannon (Bell Telephone Laboratories). A select
group of scientists worked through novel concepts which
founded information systems and technologies that charac-
terized the early evolution of Al, some of which endure into
contemporary society, such as computers, natural language
processing, and neural networks.

Prior to Dartmouth, notable scientists whose work would
later be credited as important for this pioneering era include
Turing,?3 and Pitts & McCulloch.* Soon after, published work
on statistical, classification and regression models led to the
emergence of some enduring mathematical and logistic
systems, so-called, “neo-Bayesian” methods™® and K-Nearest
Neighbours.”

Reduction in USA federal government investment in Al,
following the 1966 ALPAC Report,® effectively ended a
decade-long surge in wide scale funded interests and in 1974
the Lighthill Report’ led to a similar decline in the UK’s
funded interests. The first reported, “Al Winter”!®!! thereafter
commenced. Following this hiatus, the 1980s brought
Recurrent Neural Networks,'? Back Propagation Neural
Networks!? and Reinforcement Learning.!* Al thereafter
experienced its second Winter, following the collapse of the
Lisp Machine market in 1987.'3

The past 30 years have been an era of immutable
expansion in research, development, commercial and regula-
tory interest in Al technologies. Support Vector Machines,'®
Random Forests,'”'® and other Ensemble Methods (such as

Stacking,'” Bagging®® and Boosting?!), supervised machine
learning (ML) algorithms, emerged with interest through the
1990s. More recently, the resurgence of interest in neural
network concepts paved the way for our current era of Al-
driven technologies. These include Deep Learning?? which
utilizes Supervised, Semi-supervised and Unsupervised
Learning in its training, and Generative Adversarial
Networks,? using only Unsupervised Learning. These have
led to interest in predictive modelling of continuous and
categorical data (including imaging data) of unprecedented
levels.

Natural Language Processing models were always the
most controversial and considered the final frontier of
development, until the arrival of the Transformer,* the first
reported, “Large Language Model” (LLM). This frontier has
been crossed with LLMs, perhaps most notably OpenAl’s
Chat-GPT? in 2022. It appears our future professional and
personal lives will feature technologies and innovations
refined from those which emerged from this past 30 years,
perhaps without another AT Winter anytime soon.

Governance policies of privately-owned organizations and
of sovereign and international communities are critical in the
development of Al to include social, ethical and moral
considerations. One of the more intriguing and potentially
most influential developments is Explainable Al, for example
SHAP Values,”® an innovation which equips consumers and
investors to view the so-called, “black box”, of Al-based
systems, as a “white box”.

Social policies of OECD? (2019), GPAI*?® (2020) and
UNESCO? (2021) established essential standards across the
international community in ethical and responsible Al. The
intended effects of these include their influence of governance
standards within geopolitical borders, where appropriate,
enabling individual populaces the necessary input in decisions
of the impact of Al to their dependent communities.
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Fig. 1. Brief history of Al. The color graphic is captured from the Apr Issue of Scientific American.

Al developers in free market economies need to promote,
market and argue the benefits of their business’ technologies
and innovations, while consumers need agency in the
dialogue of humanitarian effects of life and livelihood, such
as risks to health, education and labor markets.

This first half of 2024 already brought the US Congress
Generative Al Copyright Disclosure Act,*® UN Resolution on
AL’! and The European Union Artificial Intelligence Act.*? It
is anticipated that global sovereign states will reference these
as seminal Al mandates for development and governance of
this current era.

A glance at artificial intelligence systems in clinical dentistry

Al-based applications in clinical dentistry of these past 30
years have featured mainly decision support systems utilizing
image data. These have evolved with those technologies
available, including third molar surgery treatment planning
decisions with panoramic radiographs using a Feed-Forward
Neural Network,*® prosthodontic color matching using a Back
Propagation NN,* single tooth-borne crown design with
GAN? and Deep Convolutional GAN,* and radiological apical
pathology detection using Convoluted NN.3’

The quality of reporting data by Ekert et al*’ is uniquely
comprehensive, transparent and replicable for other Al
research and development units in the dental Clinical
Decision Support Systems (CDSS) domain. It is anticipated
that this publication, and similar ones reporting high standards
of predictive model features and outcomes including ROC-
AUC and the complete suite of accuracy measures, will
become - if not already - the benchmark of data scientific
reporting in dentistry CDSS.

Dentistry’s clinical, technological and research spheres
have seen excellent reflective, progressive and visionary narra-

tive reviews>®* which continue to bear sustainable relevance,

even in this era of exponential change.
A summary of this introduction is provided in Fig. 1.

Artificial intelligence's role in dentistry and teeth
whitening - Technical descriptions

McCarthy* opted for this term, “artificial intelligence”, to
elucidate the capacity of machines to engage in activities
deemed "intelligent" in nature.

In the contemporary world, artificial intelligence
encompasses machines or technologies capable of emulating
human cognitive skills, such as problem-solving. To gain
insight into Al, it is crucial to familiarize oneself with several
vital aspects. Artificial intelligence represents the capacity of
machines to manifest a unique form of intelligence. The
objective was to create machines capable of learning from
data to address problems effectively. Machine learning (ML),
an integral part of Al, relies on algorithms to predict outcomes
based on datasets. The primary goal of machine learning is to
empower machines to learn autonomously from data, enabling
them to resolve issues without human intervention. Machine
learning enables systems to learn automatically from
experience rather than relying solely on programmed data.**
Neural Networks are machine learning systems which consist
of algorithms that process signals through artificial neurons,
designed to emulate the functioning of the human brain.

Deep learning, a further subset of machine learning,
employs a network with multiple computational layers in a
deep neural network to analyze input data. It aims to construct
a neural network that autonomously identifies patterns,
thereby enhancing feature detection.*® Through the differential
interpretation of these layers, insights are generated.*® For
instance, an Al-based system can analyze a radiograph, dis-
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cerning variations in radiopacities to suggest, for example, the
presence of caries in a specific tooth. Such Al systems can aid
clinicians in screening, diagnosis, and decision-making.

Artificial Intelligence (AI) has predominantly found
application in dentistry in the past decades, by enhancing the
accuracy and efficiency of diagnostic processes. These CDSS
may one day become paramount for achieving optimal results
in treatments and delivering superior-quality patient care.

Accuracy of Al in dentistry

Through literature review, the AI models under evaluation
demonstrated caries diagnosis accuracies from 76% to 88.3%,
sensitivities between 73% and 90%, and specificities varying
from 61.5% to 93%. The accuracy of caries prediction in
these studies ranged from 83.6% to 97.1%. Additionally, the
studies revealed diagnostic accuracies for vertical tooth
fractures ranging from 88.3% to 95.7%. Furthermore, an
article employing Al models for locating the finishing line
reported accuracies within the 90.6% to 97.4% range.’
Dentists leverage their comprehensive knowledge to diagnose
and determine the most suitable treatment course. Addi-
tionally, they must predict prognosis, demanding accurate
clinical decision-making skills. Yet, in specific scenarios, the
limited timeframe and complexity of cases may pose
challenges for dentists in making optimal clinical decisions.
Al applications serve as valuable guides, empowering dentists
to make informed decisions and enhance their overall
performance.

Dental patients’ trust in Al

Patients exhibited a high level of trust in traditional and
Al-assisted communication regarding a dentist's decision;
generally, they had confidence in their dentists.*® Younger,
more educated patients or students benefitted more from Al-
based communication. Elderly patients are usually more likely
to be skeptical of technology in health care and are often
fearful of being dependent on technology in health and
caregiving.*** While Al-based diagnoses did not impact
patients’ trust, there was a favorable attitude towards Al in
dentistry. Al-supported diagnostics can aid in conveying
radiographic findings, as the investigated Al-based tool
enhanced patients’ ability to identify caries lesions on dental
radiographs. Consequently, dentists should consider incorpo-
rating Al-based tools to improve communication between
patients and providers. In the future, Al-based instruments are
expected to become increasingly significant in clinical
dentistry.

Chat Generative Pre-Trained Transformer (ChatGPT) is a
natural language processing Al-powered computer program
extensively trained on vast datasets to generate human-like
responses to user prompts, enhancing these bots’ computa-
tional linguistics, communication proficiency, and responsive-
ness. Utilizing machine learning and deep learning through
text-based interfaces, ChatGPT leverages advanced Al
methods to generate responses resembling natural language in
a large language model.’'*? This versatile tool can offer
various services in education, healthcare, and patient interac-
tions. Patients can ask healthcare questions and receive
personalized responses, which can help them understand their
concerns with extensive knowledge and information from
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Tell me more about dental bleaching.

Dental Bleaching: What You Need to Know

What Is Dental Bleaching?
Dental bleaching is a cosmetic procedure designed to lighten the color of your teeth by removing
stains and discoloration. It involves the use of bleaching agents, typically hydrogen peroxide or

carbamide peroxide, to break down stains and whiten enamel.
Types of Dental Bleaching:

1. In-Office Bleaching - Performed by a dentist, this method uses a high-concentration bleaching
gel and sometimes a special light or laser to accelerate the process. It delivers quick and

noticeable results in a single session.

&)

. At-Home Bleaching - Dentists can provide custom-made trays and a lower-concentration

bleaching gel for at-home use. Results take longer but are effective.

w

. Over-the-Counter Whitening Products - Whitening toothpaste, strips, gels, and rinses are
available, though they are less potent and may take weeks to show results.

Benefits of Dental Bleaching:
+ Enhances appearance by removing stains from coffee, tea, wine, smoking, and aging.
+ Boosts self-confidence with a brighter smile.

« Non-invasive and generally safe when done correctly.
Potential Side Effects:
« Tooth sensitivity, which usually subsides after treatment.
« Gum irritation if the bleaching agent comes into contact with soft tissue.

« Uneven whitening if dental restorations (crowns, veneers, or fillings) do not respond to bleaching.
Who Should Avoid It?
« Pregnant or breastfeeding women.

+ Individuals with severe tooth sensitivity or gum disease.

« People with dental restorations in visible areas, as they won't bleach.

Would you like recommendations for specific products or professional treatment options?

[NV R s B

Fig. 2. ChatGPT question generated answers on dental bleaching.

cross-disciplinary databases. From the answers obtained, the
information conforms to the current literature and are judged
to be of good quality (Fig. 2).

Teledentistry

The term "Teledentistry" originates from the combination
of "tele", meaning distance, and "dentistry", the medical field
concerned with diagnosing and treating issues related to teeth
and surrounding tissues. Therefore, Teledentistry can be
described as the remote practice of dental care and education,
involving the diagnosis, treatment, or teaching of dentistry
from a distance through various telecommunication platforms
such as phones, computers, email, radio broadcasting,
television, etc. Coined by Cook® in 1997, the term
specifically refers to the wuse of video-conferencing
technologies for diagnosing and providing treatment advice
over a distance.

In the upcoming years, Teledentistry is poised to become
more intelligent with the integration of Al Artificial
intelligence in dentistry is defined as the science dedicated to
creating intelligent machines and systems that emulate human
intelligence through predefined algorithms. These systems can
potentially assist dental clinicians, academicians, and
researchers in their respective activities.
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Al benefits and risks

Two main categories of Al are utilized in general
healthcare delivery: physical and virtual. Biological
applications involve advanced robots or automated robotic
arms. On the other hand, virtual components consist of
software-based algorithms designed to aid in clinical
decision-making.** From a dental standpoint, Al applications
can be categorized into diagnosis, decision-making, treatment
planning, and predicting treatment outcomes. Among these,
diagnostic applications stand out as the most popular. Al has
proven capable of delivering more accurate and efficient
diagnoses, therefore alleviating the dentist’s workload. The
dental profession is witnessing a shift towards increased
reliance on computer programs for decision-making.> These
dental-oriented  computer  programs are advancing
intelligence, accuracy, and reliability. Research on Al in
dentistry is expanding across all its fields. However, it comes
with its disadvantages and limitations. Al can place the
patient’s privacy at risk because it needs to collect and store
the patient’s data and medical history to perform its required
task.’> Regarding privacy risks, Al contains personal
information from all over the internet.’® Al cannot substitute
for human interaction in matters of emotions. Therefore,
utilizing Al in counseling and therapy is deemed
ineffective.!®% While Al may never replace a pediatric
dentist, it can be a supportive and complementary tool in
various dental specialties.’” Despite its advantages, Al has
certain drawbacks. One such limitation is its potential to
generate responses that seem accurate but are, in fact,
incorrect, a phenomenon commonly referred to as the
hallucination effect, prevalent in various natural language
processing models.”® Moreover, Al tends to stick to
instructions rather than engaging in genuine interaction. For
instance, in situations with inadequate user input, Al might
make assumptions about the desired response without seeking
further clarification.®® ChatGPT proves valuable for
individuals seeking basic information on a wide range of
subjects, but these limitations should be acknowledged.

Teeth whitening color interpretation

Traditionally, clinicians have relied on visual inspection,
using the naked eye to predict the efficacy of tooth bleaching
by matching the initial tooth color with a shade guide.
Clinicians commonly observe that yellowish teeth respond
well to bleaching, while the treatment’s effectiveness is often
lower for grayish teeth. However, the subjective nature of this
visual assessment with a shade guide poses challenges in
accurately gauging tooth color, potentially compromising the
predictability of the treatment.®® Moreover, the bleaching
response may vary based on patient characteristics or tooth
properties, even if they initially appear to be the same color.
Consequently, the utility of this traditional method in
predicting tooth bleaching efficacy is limited.

As new platforms have been developed to meet HIPPA
requirements for de-identification, utilizing Al to create a
global dental bleaching data repository for predicting teeth
whitening results can be a beneficial diagnostic tool.®® If pre-
operative and post-operative images and treatment details
could be gathered through all dentists worldwide, Al can
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efficiently process vast amounts of diverse data, including
different bleaching methods, patient profiles, and treatment
outcomes.®! Al can recognize patterns and correlations within
the data that may not be immediately apparent to human
observers, leading to the implementation of machine learning
algorithms for pattern recognition and outcome prediction.®?
Al systems can continuously learn and adapt to emerging
trends, new products, and evolving treatment techniques,
ensuring the predictions stay up-to-date.®> For patient educa-
tion, Al-generated predictions can educate patients about
expected outcomes, helping manage expectations and improve
overall patient satisfaction. The global dental bleaching data
repository can serve as a valuable resource for ongoing
research in teeth bleaching, contributing to innovation and
advancements.

University of Washington Online-Global Data Repository
(OGDR) for teeth bleaching

The primary focus of Al applications in teeth bleaching is
on making accurate predictions using machine learning
models, collective knowledge bases and the reasoning process
of clinical decisions. Personalized and predictable bleaching
prescription is the goal. The production and use of knowledge
is a collective enterprise, and communication between its
participants is the challenge. The internet and cloud-based
software has greatly reduced the physical barriers to
communication and coordination, making an Online-Global
Data Repository possible. Similar databases have been estab-
lished, such as the “Dental Registry and DNA Repository” at
the School of Dentistry, University of Pittsburgh.**

The University of Washington (UW) in Seattle is fortunate
enough to be near companies like Microsoft, Amazon,
Boeing, and Google. Our Computer Science & Engineering
(CSE) programs are very strong and among them, the UW
CSE Al Laboratory is ranked in the top five departments in Al
by U.S. News & World Report. The UW CSE programs are
active in all major areas of Al, including machine learning,
natural language processing, planning, reasoning, robotics,
and vision. The University of Washington Department of
Restorative Dentistry intends to collaborate with UW CSE Al
on this project. We are proposing to develop an Online-Global
Data Repository for Teeth Bleaching. This can potentially
lead to an exponential increase in the number of questions
answerable by a collective knowledge base.

The proposed methodology is such that global researchers
can access the before and after bleaching pictures of
consenting patients. The repository is available through Cao
Group (www.caogroup.com) in collaboration with the
University of Washington, Department of Restorative
Dentistry. The repository will give global researchers
unprecedented access to dental bleaching data that can be
used to advance research. Dental schools and individual
clinicians across the globe will be invited to contribute to the
repository. Researchers and clinicians who contribute to the
repository will have the privilege of accessing the data bank
and can use data to conduct retrospective cohort studies and
observational studies. Approved researchers will have access
to partially de-identified clinical data about each patient,
including:
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Fig. 3. An example image to be uploaded to the Repository that meets the criteria.

Demographics
o Age
*  Gender

* Race/ethnicity (optional)

* Diagnosis (optional)

* Periodontal charts (optional)

» If pre-whitening dental prophylaxis was done

* Procedures (strips, OTC, supervised, take-home)
e Duration

* Concentrations of bleaching agent

* Presence/absence of sensitivity

Requirements for photography

Any image you upload to the Repository needs to meet the

following criteria:

* The file format should be JPEG and /or PNG

* The file resolution should be a minimum of 3.4 MP (2400
% 1600)

» Each file size must not exceed 2 MB.

» Files should not be modified from their original size.

e Only the treatment area (anterior teeth) needs to be
included.

» If the image contains a person or people, everyone in the
photo must sign a model release.

*  You should not artificially enlarge, distort or stretch the
file to increase its size or resolution.

One of the key elements in a successful Online-Global
Data Repository (OGDR) is a high-fidelity image database.
Therefore, the above specifications for images without
modification and distortion are paramount (Fig. 3). The
bleaching project is not as high profile nor medically
important as curing cancers and Alzheimer's disease so it will
be a safe initial platform for international collaboration.

ChatGPT and other Al-based tools in dental education

Al is fundamentally shifting the classroom and clinical
teaching. Al-powered tools rapidly analyze data and identify
patterns via either discriminative classification, where
decision boundaries differentiate data classes of interest, or
clustering techniques, utilizing probability distribution of
similar data, the latter being the basis for generative Al. The
educators and students must evaluate how Al is used in
classrooms and clinics and how to prepare for transformations
with technology.®

One question to be asked is what are the prerequisite
criteria the students should possess before they are accepted
into dental training? Are the basic sciences such as physics,
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chemistry and biology still as important? Should computer
science knowledge and mathematics play a more important
role? Should we offer computer science training as electives
in future dental school curriculum to inspire students to
rethink dental technologies?

Using Al to enrich dental bleaching teaching

Aside from the teledentistry concept described above, the
list below contains just a few of the ways dental educators
might use Al to enhance dental bleaching teaching. A
thoughtful approach to using Al can help instructors boost
student engagement with concepts and can assist in the
development of course materials and assessments. It’s import-
ant to remember that Al is merely an assistive technology, and
one always refines Al-generated output.

Below are some examples of how instructors might use Al
to facilitate dental bleaching learning by using our proposed
OGDR collective data bank. Many of these examples
familiarize students with Al-based tools, but also prompt
critical examination of their value, accuracy, strengths, and
shortcomings.

Think-study group-Al-share

Students think (as individuals) about a dental bleaching
question/problem, e.g. tetracycline-stained teeth, presented by
a patient, then pair up with a study group to discuss. The
group then plugs the question/problem into an Al tool (e.g.,
ChatGPT, GPT4, Bing Chat) and discusses or analyzes the
output (Fig. 2)

Evaluating Al output

Develop a treatment outcome rubric with students that
describes the components of an effective protocol. How long
will the treatment take? How much will be the cost? What are
the eventual shades to be achieved? Will there be any teeth
sensitivities? Students prompt an Al tool to generate different
versions of the protocols on a given patient and then use the
rubric to evaluate the quality of the Al-generated versions
(Fig. 4).

Improving upon/adapting Al-generated output

Students must improve upon the Al-generated output.
When students turn in their treatment protocol, they must
include both the Al-generated text and their improved version.

Explaining the steps in an Al-generated solution

Working from the Al-generated solution, the study group
then works to explain or analyze the steps that the Al tool
used to arrive at the solution.

Visualizing concepts with Al

Students select a treatment concept covered in lecture or
course readings, e.g., office bleaching, at-home bleaching, and
OTC strips etc. Students then prompt an Al image generator to
create an image that represents each treatment protocol.
Students will then analyze the strengths and shortcomings of
treatment protocols generated by Al image generators.

Contribute to AI machine learning

Guided by the instructor, students submit comments and
revisions on the Al-generated output to Al tool and contribute
to machine learning.
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How do | treat tetracycline staining?

Tetracycline staining is a form of intrinsic tooth discoloration caused by exposure to the antibiotic
tetracycline during tooth development, typically in utero or during early childhood. Treating
tetracycline staining can be challenging, but there are several options depending on the severity of

the staining and your desired outcome. Here are some effective treatments:

1. Teeth Whitening (Bleaching)
+ Professional Whitening: In-office bleaching treatments with high-concentration peroxide
solutions can lighten mild to moderate tetracycline stains. Multiple sessions may be needed.
« Take-Hi itening Kits: Custs
enhance the results over weeks or months.

fitted trays with prescription-strength whitening gel can

+ Limitations: Severe or deeply embedded stains may not respond well to bleaching alone.

2. Microabrasion

« A technique where the dentist removes a very thin layer of the enamel using a combination of
mild acid and abrasive compounds.

« Effective for superficial discoloration but not for deep stains.

3. Veneers

Porcelain Veneers: Thin, custom-made shells bonded to the front surface of the teeth to cover
discoloration.

.

Composite Veneers: A less expensive option made from tooth-colored resin but may not last as

long as porcelain.

Suitable for moderate to severe staining.

4. Dental Bonding
* Applying a tooth-colored resin directly to the stained teeth to improve appearance,

« Less expensive than veneers but not as durable or stain-resistant.

5. Crowns

« For cases where staining is severe, or teeth are also damaged, crowns (caps) may be placed over
the affected teeth

+ Provides complete coverage and strength.

6. Combination Treatments

* |n some cases, a combination of bleaching and veneers or banding I5 used ta achieve optimal
results

Considerations:

. Conhsult a Dentist: A thorough eval is ial 1o the best far your

case.

b

- Custom Approach: The tréatment plan may vary depending on the depth of the stams, your oral
hazalth, and cosmetic goals.

3. Maintenance: Professional cleaning and home care are ofifical for maintamng results

Would you like to explore any of these options further?

oo 9w ¥ S

Fig. 4. ChatGPT question and generated answers on treating tetracycline
staining. Such a treatment protocol can be used in the Al teaching tool to test
the students’ familiarity with Al tools and critical self-examination.

This article introduces an online global repository of
patient data for teeth whitening, made available for research-
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ers and developers in this therapeutic domain who use
artificial intelligence systems for analytical systems and
development of clinical protocols. A review of the history, and
role in dentistry, of artificial intelligence is provided for
context. In this time of exponential emergence of artificial
intelligence influences in professional and social application,
it is hoped this article serves as a simple offering to the dental
community of foundational information and data resources.
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