Artificial Intelligence and ®
Ethics in Endodontics

updates

Michael McCarthy, pho*, Nanette Elster, b, MPH

KEYWORDS

® Endodontics e Artificial intelligence ® Responsible use e Ethics

KEY POINTS

e Describe the uses of artificial intelligence (Al) in endodontics.
e Define epistemic and normative questions for Al ethics.

e Develop a framework for addressing clinical ethics concerns at the intersection of Al and
endodontics.

INTRODUCTION

Endodontics relies on radiographic images, and the way in which artificial intelligence
(Al) has been trained on images provides a synergistic opportunity for improving pa-
tient-care. Yet, Al is only as reliable as the data that are utilized by specifically
designed algorithms that drive the efficacy of Al technology. Within the field of end-
odontics, Al is driven by machine learning techniques that learn through neural net-
works designed to better understand the radiologic images on which it has been
trained. This article identifies ethical issues raised by Al in general and as it relates
to endodontics and describes a framework for evaluating its ethically responsible
implementation in endodontic practice.

USE OF ARTIFICIAL INTELLIGENCE FOR ENDODONTICS

The role of Al in the treatment of endodontic patients takes place through a combina-
tion of machine learning and increased efficiency of robotics. These technologies rein-
force the idea that Al is augmenting or enhancing the work done by endodontists but
not replacing it. Most of the current research done within endodontics is aimed at bet-
ter understanding and improving on the technology itself as compared to improving
the outcomes from utilizing the technology. Machine learning provides greater accu-
racy in image recognition by utilizing algorithms designed with a specific outcome in
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Abbreviations

Al artificial intelligence
CHAI Coalition for Health Artificial Intelligence

mind." Once the data are made available, the algorithm utilizes deep learning in which
neural networks are used to better refine and understand the images to learn what
exactly the algorithm is supposed to identify. While the machine learning process
may eventually work on its own, its diagnosis or analysis must always be checked
by an endodontist to ensure that it is producing the correct output.

Robots draw on machine learning and deep learning to train and perform tasks and
to continue to learn while performing those tasks. Robots are defined as “mechanical,
electrical and electronic components, constituting of actuators and sensors, [with the]
capability to perform an action.”? Surgical techniques function as the primary way in
which endodontists would use a robot. The robots operate with the guidance of a
trained clinician and while they are operating, gather data to improve its understanding
of the environment and the procedure by collecting images throughout the operation.
“Endodontic robotic systems will provide support by automated root-end surgery or
root canal instrumentation by providing precise and controlled movements and haptic
feedback based on real-time data from intraoral sensors.”® The process of real time
feedback allows for immediate correction and continued improvement in future sur-
geries. Robots and machine learning techniques, however, remain unlikely to replace
the needed human function within endodontics.

These Al technologies, however, can augment the way in which endodontics has
traditionally functioned and how endodontics has been taught. Beyond the clinical
space, other areas of health care have demonstrated the utility of Al in managing pa-
tient electronic records, scheduling, and alleviating the administrative tasks associ-
ated with health care. The administration and data management hold promise
within endodontics as well. Yet, with the introduction of new technologies ethical
questions about its use, its impact on the profession and practice of endodontics,
and the impact on patients need consideration.

ETHICAL ISSUES IN THE USE OF ARTIFICIAL INTELLIGENCE

The area of Al ethics and its application to particular disciplines, for example, health,
education, business, and so forth, raise both epistemic and normative questions.
Normative questions are those that are standard questions of ethics when it comes
to patient-care. Within bioethics, these are most often framed by way of principles
(respect for autonomy, beneficence, non-maleficence, and justice).* Within dental
ethics more specifically, principles are also important and draw on the same principles
espoused by Beauchamp and Childress. These principles are reiterated in the Amer-
ican Dental Association (ADA) Principles of Ethics and Code of Professional Conduct
(The ADA Code), which also includes the principle of Veracity.® However, beyond the
normative framework for addressing ethical questions, Al also raises epistemic ques-
tions. These ethical concerns are related to ways of knowing and how and why some-
thing comes to be known.

Epistemic questions within endodontics are concerned with sources of data from
where the data are derived and whether the data are reliable, generalizable, and
representative.

The epistemic questions, in part, relate to the lack of standardization in endodontics
about incorporating Al into clinical practice. Practice philosophies vary among clini-
cians, depending on education and training, variations in treatment guidelines, and
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a general lack of standardized protocols, complicate the development of universally
applicable and accepted Al models. “Al-based applications should consider diverse
treatment approaches, anatomic variations, and cultural factors.”® Both normative
ethical issues and epistemic concerns overlap and must be addressed when consid-
ering the ethical integration of Al into the clinical practice of endodontics. The ADA em-
phasizes that “The privilege of dentists to be accorded professional status rests
primarily in the knowledge, skill and experience with which they serve their patients
and society. All dentists, therefore, have the obligation of keeping their knowledge
and skill current.”® The requirement to keep up-to-date with respect to Al presents
unique challenges because of the frequent developments and innovation within the
field. Therefore, knowing about and understanding the strengths and limitations of
Al before integrating it into clinical practice are critical —both for professional knowl-
edge and to be able to communicate that knowledge to patients. Yet often, the re-
sponsibilities within dentistry extend beyond clinical management and entail
engaging questions of how to responsibly engage in business practices including in-
surance practices.

Knowing how to responsibly use the technology is as important as determining a
partner to provide the Al technology services. Companies who provide Al services
do so to deliver a product that yields a benefit both for the purchaser and the provider.
“Private enterprise and profit motive are hallmarks of the new medical industrial com-
plex, which transforms humans from patients to consumers to claimants—and health
information technology is among its chiefly instrumentalities.”® However, like all health
care professionals, endodontists have the added consideration of the how the tech-
nology will benefit the patient. Often the technology companies will use data gener-
ated from their partners both to improve the technology being used and to develop
other applications that may be unrelated to endodontics. Moreover, patients may
be concerned about the use of their information and want to know how it will be stored
or potential future uses. While this information proves important for patients, Al that is
geared toward streamlining administrative tasks for billing or scheduling likewise rai-
ses questions of potential bias. A 2020 study revealed a bias in scheduling that Black
patients were overbooked in clinical schedules because the algorithm determined that
they were less likely to show for their appointments even when socio-economic fac-
tors were considered.’ It is always important to consider bias in predictive modeling,
but this algorithm did not prioritize patients’ needs or preferences. When integrating
technology to make a clinic run more efficiently, the priority might be to ease the end-
odontists workload, but that should also enhance the patient experience. When work-
ing with a partner, these epistemic concerns should be asked about so that the dental
provider is fully informed about the development and potential use of their technology
partner in patient-care.

The patient perspective and information are critical to the integration of Al into end-
odontic practice and cannot be subjugated to profit margins or practitioner conve-
nience. Patient understanding of oral health, let alone endodontics may be limited,
so the addition of something as complex as Al is likely to be further confounding
and may require additional time and discourse with patients to ensure that they are
providing truly informed consent.® Informed consent may allow the patient to choose
an alternative to Al if it is not a standard part of practice. If the use of the technology is a
part of the standard care, explaining to the patient how it is used and why the use of
the technology will benefit patient-care should be incorporated into the informed-
consent process from an ethic’s perspective. What is legally required with regard to
informed-consent, however, may vary from state to state and is beyond the scope
of this discussion. Based primarily on the principlist approach of Beauchamp and
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Childress® and reiterated in the ADA Code, Swirsky and Swirsky offer guidance on
what must be addressed to ethically integrate Al into practice. Their guidance speaks
not only to the issue of informed-consent through shared decision-making between
patient and provider, but how all of the principles are intricately intertwined when
considering the introduction of Al into clinical practice. They draw on the ADA princi-
ples to argue:

The principle of autonomy obliges dentists to become knowledgeable of the sys-
tems that they use and be able to explain them and their alternatives to inform shared
decision-making. The principle of nonmaleficence includes knowing the limitations of
clinical interventions and refraining from causing known harms, such as those created
by biased Al-driven decision models. The principle of beneficence and duties to pro-
mote welfare identify dentists’ obligations to consider patient and public needs when
entering fee-for-service, manage care, and other contractual arrangements with
payors. Likewise, the principle of justice should include and promote algorithmic fair-
ness in patient selection, clinical decision-making, and other areas where automation
is implemented into research and practice.®

Added to this the principle of veracity, which obligates dentists to communicate
truthfully and which would demand that endodontists share with patients not only
what they know about Al but also what they do not know and to communicate clearly
how, if, and when a patient’s data might be added to a dataset. Consideration of the
principles of dental ethics is interrelated and one principle does not take precedence
over another. For example, the demands of veracity relate directly to those of auton-
omy as truthfulness is integral to informed-consent and also a hecessary component
of ensuring that privacy of patient information is protected.

A FRAMEWORK FOR THE RESPONSIBLE USE OF ARTIFICIAL INTELLIGENCE IN
ENDODONTICS

The epistemic and normative ethics questions around the use of Al require consider-
ation about how and when to adopt it into practice and how to use the technology
responsibly (Fig. 1).° Fundamentally, the patient must be kept at the center of decision
to use Al. At the heart of the development of platforms that use Al is a business or
commercial mindset that is aimed at delivering both a useable product and one that
is profit-motivated and efficient. While this type of thinking can lead to new and

for Dental Professional:
Is this a beneficial tool for me, the profession, and/or for the patient?
Whose data is being used to make these decisions and recommendations?
Is this data representative of a specific patient population or a more general patient
population?
for Patient Care:
Is quality of care improved?
Is the procedure more streamlined for patients, requiring fewer visits?
Is it more cost-effective for the patient?
Is it covered by the patient’s insurance?
Is it offered to all patients? If not, what are patient inclusion and exclusion criteria?

Trust and informed consent both for use of data and information or explainability of Alin
treatment? (Autonomy and Veracity)

. How is patient privacy protected and how are patient privacy concerns addressed?

Normative [

How and when does this not become the individual practitioner’s choice but the standard
of care? If this becomes the standard of care, how does this impact patient autonomy?
(Beneficence and Nonmaleficence)

Will Al make endodontic care more accessible to more people? (Justice) could this be an
infographic?

Fig. 1. Questions for the responsible use of artificial intelligence in endodontics.
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exciting innovations, when adopting the technology for use in patient-care, the out-
comes of patients should come first. The interests and obligations of the platform
developer may not be and likely are not the same as the interests and obligations of
the platform user. The obligation to the patient is really at the center of the social con-
tract that is inherent in the professional role of dentists. The Preamble of the ADA Code
recognizes that dentists are called upon “to follow high ethical standards which have
the benefit of the patient as their primary goal. In recognition of this goal, the education
and training of a dentist has resulted in society affording to the profession the privilege
and obligation of self-government.”* When deciding to adopt Al technology, endodon-
tists should consider its intended use, and how the technology was developed, the
technology’s effect on the delivery of care, patient’s understanding and acceptance
of the technology, and what type of research needs to continue to maintain and
improve the technology.

When adopting any new technology, it is important that the technology’s intended
purpose matches goals and objectives for both the patient and the provider. Given the
intersection of business and clinical care when vetting technology within the largely
independent workforce of not only endodontics, but dentistry more generally, it is crit-
ical to review the technology, become educated about its applications, ensure that it
does what it intends to do, and continue to evaluate its effectiveness for the various
stakeholders. Often this learning is occurring at the chairside without wider oversight.
Given the rapidity with which the technology is coming into use, a helpful resource that
has been applied in the health care space has been developed by the Coalition for
Health Al (CHAI). One of the stated goals of CHAI is the development of collaborative
partnerships between different health-based organizations to better understand and
responsibly use the potential benefits afforded by Al technology.'® The involvement
of dentistry is integral to the need for greater interprofessionalism and supports the
notion that oral health is essential health care. The American College of Dentists rec-
ognizes the significance of interprofessionalism: “dentists have an ethical and profes-
sional duty to engage and cooperate with other co-professionals, including dental
specialists and other healthcare practitioners. . .This collaborative model facilitates
the dental team’s integration into a patient-centered healthcare system. . . thus
ensuring comprehensive oral and general healthcare. In addition, inter-professional
collaboration enhances the quality of care, patient safety, and overall effectiveness
of dental treatment.”'" The goal of the Coalition supports this ideal of interprofessional
practice as it aims to involve multiple stakeholders to improve the quality of the tech-
nology that benefits the developers, health care providers, and patients. To this end,
they have developed a strategy to better guide thinking around the implementation of
technology called the CHAI Applied Model Card."? The model card allows for ways to
take a step-by-step approach in adopting the technology and to consider what is
hoped for by using it. The card provides space then to assess 3 aspects of the tech-
nology, its usability, how it addresses questions of fairness and equity, and finally,
consideration of the technology’s safety and reliability. The hope is that the use of
the cards will allow users both to evaluate their own adoption of technology and to
ensure that it meets the standards for the responsible use of Al in health.

Within endodontics, practitioners should remain wary in recognizing biases rooted
in developer decisions, societal prejudices ingrained within systems, and the selective
nature of training data.® For example, when evaluating the use of Al technology as a
manager of a clinic or addressing concerns around insurance, a different software
may prove more financially beneficial. However, when considering a patient’s
perspective, an alternative technology may demonstrate a greater balance to the
financial well-being of the business and benefit to patients. This balance may be
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particularly relevant in endodontics where the patient base may be limited by those
who are currently able to access endodontic care through employee sponsored insur-
ance. Given limited coverage for endodontic treatment for adults who receive
Medicaid and/or Medicare, Al tools that currently exist may have a built-in bias that
may result in increasing rather than decreasing accessibility and may widen existing
health disparities. The CHAI Applied Model Card can be helpful to recognize and think
through a practitioner’s biases before implementing Al technology.'? Yet, vetting the
technology is only the first step in the responsible use of Al. Once the technology has
been vetted and implemented, there are several areas that still need to remain at the
forefront: implications for patients, the importance of educated endodontic trainees
and continued education for those already in practice, and regular evaluation of the
tools effectiveness. The elements necessary for education and continuing education
and ongoing evaluation, however, are beyond the scope of this article.

Morely and Floridi have observed that the inclusion of Al in the doctor-patient rela-
tionship has the possibility of fundamentally altering the way that a health discipline is
practiced.'® If they are right, then considering the way in which a technology will
change the patient-provider relationship is important. In endodontics, there is not
necessarily an agreed upon way to measure patient satisfaction.'*'® The outcomes
that are reported rely on the clinical observation from endodontists at the conclusion
of a procedure, thus, patient-perspectives that are separate from clinical success, that
is, subsiding pain, comfort during the procedure, adequate communication, and so
forth are not regularly incorporated as part of the review of a procedure or the adoption
of a new technology. While pain relief is a central consideration for patients, factors,
such as cost, convenience (ie, how many visits are required, how long is each visit,
etc.), comfort, and communication, are also necessary to assess. This, in fact, is inte-
gral to patient-centered care. Therefore, it is important to include patients in conver-
sations about the use and satisfaction with the new technology. Likewise, it is
important for the provider to reflect on to more precisely consider the benefit of incor-
porating this technology into their practice. This reflection will lead to another key
aspect of using Al technology responsibly, explainability.

Explainability is often taken for granted in many professional fields because the way
in which fundamental parts of the profession is practiced has not changed. The dental
school curriculum is designed in a way that emphasizes critical thinking, reasoning,
and a capacity to communicate clearly and effectively how and why a certain proced-
ure is warranted.® Clara Kim and colleagues note that Al introduces something novel
into dentistry that is only now being considered in education and needs to be consid-
ered within continued professional education. A provider needs to consider what their
patients need to know about this new technology including whether this improves
quality of care, impacts the time needed for the procedure and any follow-up and re-
covery, alters the cost to the patients, and so forth. The patient’s decision to undergo
such treatment depends upon their ability to understand the nature of the treatment,
the need for it, and the alternatives. Patient autonomy is a cornerstone in Western
health care and is often embodied in the process of informed-consent and through
shared decision-making. It is important that these ideas are taught in dental schools
and reinforced within professional patient-care. “Al in dental curricula must focus on
in-depth training in critical thinking and reasoning along with an emphasis on “soft
skills,” especially communication skills. It is vital that students learn to communicate
the value and responsible use of Al clearly and effectively so that patients perceive
that consultations and decision-making are led by dental providers. Students should
practice explaining that Al is intended to be an adjunct to clinical assessment and
decision-making, never meant to replace clinician knowledge and expertise.”® These
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skills are necessary to communicate to patients in order that they too can adapt and
decide on how best Al should impact and improve their care and to not only ensure
patient’s trust in the provider but to ensure trust in the profession as a whole.

SUMMARY

Endodontics is a field that is well-suited for the use of Al technology. The machine
learning and robot surgical techniques focus on a very specific, discrete environment
that is driven by radiologic images. Machine learning holds opportunities to improve
diagnostics and augment the way in which endodontists engage in treatment plan-
ning. As with other dental fields, the technology itself should not replace the provider
and their expertise and discretion with regard to meeting a particular patient’s needs
but rather should enhance the way in which patient-care is delivered and communica-
tion between patient and provider occurs. Despite the optimism surrounding the use
of Al, it is important to exercise prudence and patience in adopting the technology for
patient-care.

Endodontic patients represent a small subset of patients receiving dental care,
which is an even smaller subset than those who receive health care. Thus, the data
on which the algorithms are trained represent a small sample size. Given that machine
learning proves more accurate and efficient with a larger and more diversified data set,
continuing to expand the number of patients included in the development of algo-
rithms and technology reflective of one’s endodontic practice is critical for the quality
of the tool and for limiting bias.

Finally, while the endodontic practitioner will make the decision about how best to
adopt Al technology to best suit the needs of their practice, the patient’s well-being
should be the guide in making that decision. As technology and innovation continue
to improve, it will create more opportunities to utilize Al technology. However, until
Al becomes the standard-of-care in endodontic practice, deciding how best to
educate oneself and one’s team, teach one’s patients, and explain the importance
of utilizing Al technology remains fundamental. Al holds many possibilities for
improving the practice of endodontics, making the practice more efficient and suc-
cessful for patients.

CLINICS CARE POINTS

e practitioners should be aware of impact of new technology on patient care.

e practitioners should seek informed consent from their patients when they are newly
implementing Al technology as a part of patient care.

e practitioners should be aware of the normative and epistemic ethical questions that can arise
from the use of artificial intelligence in clinical care.
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