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Abstract

Integrating artificial intelligence (Al) into oral health has revolutionized diagnostics, treatment
planning, and patient management. Despite its significant benefits, the adoption of Al introduces
complex ethical and legal challenges that demand critical evaluation. This literature review explores
Al applications' moral and legal implications in oral health, emphasizing patient privacy, data
security, informed consent, and professional accountability. A systematic review of peer-reviewed
journals and legal frameworks from 2016 to 2024 was conducted to analyze the current landscape.
The findings highlight ethical dilemmas, including biases in Al algorithms, the need for equitable
access to Al-based tools, and potential disruptions to dentist-patient relationships. Legal
considerations, such as data protection laws and liability in Al-related errors, are also critically
discussed. Addressing these challenges requires a collaborative approach involving healthcare
professionals, legal experts, and policymakers. This review concludes that while Al holds
transformative potential for oral health, addressing its ethical and legal challenges is essential to
ensure responsible and sustainable implementation.
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Introduction

The rapid advancement of artificial intelligence (Al) technologies has significantly transformed
various sectors, including healthcare and dentistry. In oral health, Al applications have emerged as
powerful tools for enhancing diagnostic accuracy, treatment planning, and patient management.
However, integrating Al into oral health practices raises critical ethical and legal considerations that
must be addressed to ensure the responsible use of these technologies. Al technologies, such as
machine learning and neural networks, are used for diagnostic purposes, treatment planning, and
patient management in dentistry. The potential benefits of Al in oral health include enhanced
diagnostic accuracy, personalized treatment plans, and improved patient outcomes. However, the
rapid adoption of Al also raises significant ethical and legal concerns that must be addressed to ensure
responsible implementation (Naeem et al., 2023)

Artificial Intelligence technologies, with a particular emphasis on machine learning
methodologies and deep learning algorithmic frameworks, have demonstrated significant potential in
enhancing the clinical decision-making processes integral to dentistry. Systems based on artificial
intelligence are increasingly being employed to automate diagnostic procedures and effectively
manage patient data, which, in turn, contributes to optimizing workflows and enhancing the quality of
care delivered to patients. These advanced systems play a crucial role in aiding dental professionals
by facilitating informed decision-making through the comprehensive analysis of extensive datasets
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and offering recommendations grounded in empirical evidence. However, the combination and
deployment of intelligent systems in the area of dental health necessitate an in-depth investigation
into the ethical effects that are related to its use, which encompasses key issues such as accountability,
the requirement for clarity in methods, and the vital need for acquiring informed assent from patients
(Khanagar et al., 2021).

One major moral quandary closely tied to the deployment of Al in dental practices concerns the
pivotal aspect of ensuring patient privacy. The deployment of Al systems frequently necessitates the
comprehensive collection and meticulous analysis of extensive volumes of personal health data,
thereby engendering significant concerns regarding the security of this sensitive data and the potential
for egregious breaches of confidentiality that may arise. Moreover, individuals might remain unaware
of how their private information is being used, potentially causing a significant decline in the faith
people have in the trustworthiness and honesty of Al technologies applied in their dental treatment.
Moreover, these anxieties bring forth the ethical guideline of informed consent, which becomes
increasingly nuanced in the sphere of Al since patients may not entirely comprehend the wide-ranging
consequences that Al-fueled decisions can exert on their healthcare and treatment strategies (Thurzo
et al., 2022).

In addition to the multitude of privacy concerns thoroughly documented in contemporary
literature, algorithmic bias presents itself as a critically significant ethical challenge that necessitates
thorough examination and intervention. The training of artificial intelligence systems is inherently
reliant on historical data sets, which may serve to reflect and reinforce prevailing biases that are
observable within the domain of healthcare delivery. Consequently, this inherent bias within the Al
systems can lead to disparate treatment outcomes for various demographic groups, thereby
perpetuating and exacerbating existing health disparities that have critical implications for public
health. Therefore, it is of paramount importance that addressing these biases becomes a central focus
in the pursuit of ensuring that Al technologies are not only equitable but also do not further entrench
the existing inequalities that are prevalent in the realm of oral health care, which is a vital aspect of
overall health equity (Norori et al., 2021).

From a legal perspective, the use of artificial intelligence within dentistry spurs several
inquiries about accountability and liability, particularly regarding the choices and actions these
advanced technologies execute. As artificial intelligence frameworks evolve to show a higher level of
self-sufficiency in their tasks and processes, the challenge of accurately pinpointing who is liable for
any mistakes that may happen or for any unfavorable results that may ensue due to their utilization is
growing more complicated and nuanced (Ivliev and Egorova, 2023). Current legal frameworks may
not adequately address Al technologies' unique challenges, necessitating new regulations that
specifically govern Al in healthcare (Rajendra and Thuraisingam, 2022). Furthermore, it is of
paramount importance to recognize the existence of an urgent and compelling necessity for the
establishment of comprehensive and unequivocal guidelines that delineate the ethical utilization of
artificial intelligence, which should encompass robust standards that promote transparency and
accountability in the multifaceted processes of decision-making that are driven by Al technologies
(Contini, 2020).

The COVID-19 pandemic has accelerated the adoption of Al technologies in dentistry,
highlighting the need for timely legal and ethical responses to emerging challenges (Thurzo et al.,
2022). As the field continues to evolve, it is essential for stakeholders, including dental professionals,
policymakers, and ethicists, to collaborate in developing comprehensive frameworks that address the
ethical and legal implications of Al in oral health.
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Method

This study employs a literature review methodology to synthesize existing research on Al's
ethical and legal aspects in oral health. The review encompasses peer-reviewed articles, systematic
reviews, and position papers published between 2017 and 2024. PubMed, Scopus and Google Scholar
were used to identify relevant literature. The selected articles were analyzed to extract key themes
related to ethical concerns, legal frameworks, and the implications of Al technologies in dentistry.

Results
Ethical Challenges in Artificial Intelligence in Oral Health

Integrating artificial intelligence (AI) into oral health practices presents numerous ethical
challenges that must be carefully considered to ensure responsible and equitable use. One of the
primary ethical concerns is the issue of informed consent. Patients must be adequately informed about
how Al technologies will be utilized in their care, including the potential risks and benefits. This
transparency is crucial for maintaining trust between patients and healthcare providers (Shubayr et al.,
2021). Another significant ethical challenge is the protection of patient privacy and confidentiality. Al
systems often require access to sensitive health data to function effectively, raising concerns about
data security and potential breaches (Nazar et al., 2019). Algorithmic bias is another critical ethical
issue in Al applications within oral health. Al systems trained on non-representative datasets may
produce skewed results, leading to unequal treatment outcomes for different demographic groups.
Moreover, the accountability of Al systems poses ethical dilemmas. In cases where Al algorithms
make erroneous predictions or recommendations, determining liability can be complex. The lack of
clarity regarding responsibility for Al-driven decisions can lead to ethical ambiguities, necessitating
the establishment of clear guidelines for accountability in Al applications. While Al holds great
promise for advancing oral health, it also brings forth significant ethical challenges that must be
addressed. Ensuring informed consent, protecting patient privacy, mitigating algorithmic bias, and
establishing accountability are critical components of ethical Al integration in oral health. By
proactively addressing these challenges, the dental community can harness Al's benefits while
safeguarding patients' rights and well-being (Touil et al., 2020).

Informed consent is a fundamental ethical principle in healthcare that requires patients to be
fully informed about the nature of their treatment, including any risks and benefits. The complexity of
Al systems poses unique challenges in achieving this goal. Many Al algorithms operate as "black
boxes," meaning humans do not easily interpret their decision-making processes. For healthcare
providers to successfully acquire informed consent from patients, they must have an in-depth and
comprehensive understanding of the intricate mechanisms and operational frameworks underlying the
functionality of artificial intelligence systems within the medical domain (Kawamleh, 2023). Patients
may struggle to understand how Al influences their diagnosis or treatment, leading to potential ethical
dilemmas regarding their autonomy and decision-making capabilities. To mitigate these challenges, it
is essential to develop educational resources that empower healthcare providers to communicate Al-
related information clearly and effectively, ensuring that patients can make informed choices about
their care (Iserson, 2024).

Transparency is essential for accountability in clinical decision-making. When patients know
how Al systems operate and the factors influencing their recommendations, they are more likely to
trust the technology and the healthcare professionals utilizing it. This trust is crucial for successfully
integrating Al into oral health practices, as it encourages patient engagement and adherence to
treatment plans. The ethical challenges of informed consent and transparency in Al applications
within oral health are critical considerations that must be addressed to ensure responsible and
equitable use of these technologies. By enhancing healthcare providers' understanding of Al systems
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and promoting transparency in decision-making processes, the dental community can foster trust and
empower patients to make informed choices about their care. As Al continues to evolve, ongoing
efforts to address these ethical challenges will be essential for maximizing the benefits of Al in oral
health while safeguarding patient rights and welfare (Iserson, 2024).

Legal Considerations of Artificial Intelligence in Oral Health in Indonesia

The incorporation of artificial intelligence (Al) in oral health practices in Indonesia presents a
range of legal considerations that are essential to address for the responsible and effective use of these
technologies. As Al systems become increasingly integrated into healthcare, it is crucial to establish a
legal framework that governs their use, ensuring compliance with existing laws and addressing the
unique challenges posed by Al. In Indonesia, the legal landscape surrounding Al in healthcare is still
evolving. Currently, no specific regulations explicitly govern the use of Al in oral health. However,
existing laws, such as the Indonesian Health and Medical Practice Law, provide a foundation for
regulating healthcare practices. There is an urgent need to design legislation that specifically
addresses the use of Al in medical practice, including oral health. This legislation should outline the
responsibilities of healthcare providers when utilizing Al technologies, ensuring that patient safety
and ethical standards are upheld (Hakim et al., 2021).

One of the critical legal considerations in applying Al in oral health is the issue of informed
consent. Patients must be adequately informed about how Al technologies will be used in their
diagnosis and treatment. This includes understanding the potential risks and benefits associated with
Al interventions. Another significant legal consideration is the question of liability in the event of
harm caused by Al systems. Under Indonesian law, Al is considered an electronic agent and cannot be
held liable as a legal subject. This raises concerns about accountability when Al systems make
erroneous predictions or recommendations that lead to patient harm(Pratama and Kharisma, 2023).
The use of Al in oral health also raises essential data privacy and security issues. Al systems often
require access to sensitive patient information to function effectively, necessitating robust data
protection measures. The Indonesian government has enacted laws regarding data protection, such as
the Personal Data Protection Law, which aims to safeguard individuals' privacy rights. However, as
Al technologies evolve, it is essential to continuously assess and update these regulations to address
the unique challenges posed by Al, ensuring that patient data is handled securely and ethically (Hakim
etal., 2021).

In addition to legal frameworks, ethical considerations play a vital role in the implementation of
Al in oral health. Issues such as algorithmic bias, transparency, and the potential for discrimination
must be addressed to ensure that Al technologies are used fairly and equitably. The legal
considerations surrounding using artificial intelligence in oral health in Indonesia, particularly in
Undang-Undang Kesehatan No. 17 Tahun 2023, are multifaceted and require careful attention.
Establishing a comprehensive regulatory framework, addressing informed consent, clarifying liability
and accountability, ensuring data privacy, and considering ethical implications are all critical
components of effectively integrating Al into oral health practices. By proactively addressing these
legal challenges, Indonesia can harness the benefits of Al while safeguarding patient rights and
promoting equitable healthcare outcomes (Hakim et al., 2021; Pratama and Kharisma, 2023).
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Discussion

Incorporating and utilizing advanced artificial intelligence (Al) technologies within the realm
of oral health care generates a vast array of complex ethical dilemmas and legal considerations that
require thorough examination and resolution to guarantee that these innovations are employed in a
manner that is both responsible and effective. Informed consent is a cornerstone of ethical medical
practice, requiring that patients understand the nature of their treatment, including any associated risks
and benefits. The complexity of Al systems poses significant challenges in ensuring patients can
provide truly informed consent. Al technologies can process vast amounts of data to generate
recommendations, but the intricate algorithms behind these systems often remain opaque to healthcare
providers and patients. This lack of transparency complicates the informed consent process, as
patients may not fully comprehend how Al influences their diagnosis or treatment decisions.
Moreover, the ethical implications of informed consent are particularly pronounced in the context of
Al. Patients must be made aware of the potential benefits of Al-assisted interventions and the
limitations and uncertainties inherent in these technologies (Felzmann et al., 2020). Transparency in
Al decision-making processes is another critical ethical consideration. The lack of transparency can
diminish accountability and trust among patients and healthcare providers. The potential
consequences of Al-driven decisions further underscore the moral imperative for transparency. the
opacity of data-driven Al methods can hinder the ability of healthcare providers to explain and justify
their decisions to patients. This lack of clarity can lead to mistrust and reluctance to accept Al-assisted
treatments. Therefore, developing Al systems that prioritize transparency and explainability is crucial
for ensuring patients can make informed decisions about their care (Thurzo et al., 2022).

In addition to ethical challenges, legal considerations surrounding Al in oral health are
paramount. The lack of specific regulations governing Al applications in healthcare raises questions
about liability and accountability. There are currently no well-defined regulations to address the legal
and ethical issues that may arise from using Al in healthcare settings. This gap in regulation
necessitates the development of comprehensive legal frameworks that address issues such as data
privacy, informed consent, and liability for Al-driven decisions. The recent enactment of laws, such
as Undang-Undang Kesehatan No. 17 Tahun 2023 in Indonesia, emphasizes the need for healthcare
providers to prioritize patient rights and safety. This legislation provides a foundation for the
responsible use of Al in oral health, ensuring that patient welfare is upheld while integrating advanced
technologies into clinical practice (Hakim et al., 2021).

Moreover, the literature emphasizes the importance of interdisciplinary collaboration in
addressing these challenges. By actively involving ethicists, legal scholars, and healthcare
professionals in substantive discussions regarding the implementation of artificial intelligence
technologies, it becomes possible to cultivate the creation of comprehensive and well-informed
guidelines that not only advocate for ethical responsibility but also serve to stimulate and enhance
innovation within the field of oral health (Thurzo et al., 2022).

Conclusion

Artificial intelligence holds immense promise for advancing oral health, offering improved
diagnostic accuracy, personalized care, and enhanced treatment outcomes. However, its integration
into dental practice involves significant ethical and legal challenges, including biases, data privacy
concerns, and accountability issues. This review highlights the need for collaborative efforts to
address these challenges through diverse datasets, transparent Al systems, and updated legal
frameworks. By fostering responsible and ethical implementation, Al can sustainably transform oral
health while upholding patient rights and ensuring equitable access to its benefits. Artificial
intelligence's moral and legal aspects in oral health are complex and multifaceted. While AI holds
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significant promise for improving dental care, addressing the ethical concerns surrounding patient

privacy, informed consent, and algorithmic bias is imperative. Additionally, the legal frameworks

governing Al technologies must evolve to ensure accountability and transparency in their application.
By fostering interdisciplinary collaboration and developing comprehensive guidelines, stakeholders

can navigate the challenges posed by Al in dentistry, ultimately enhancing patient care while

safeguarding ethical and legal standards.
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