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Abstract

Artificial intelligence (AI) has become a transformative force in healthcare, particularly in enhancing clinical decision-making
across both medicine and dentistry. By leveraging machine learning (ML), deep learning (DL), and natural language processing
(NLP), Al systems are capable of analyzing complex datasets, improving diagnostic accuracy, optimizing treatment planning,
and facilitating predictive analytics. In medicine, Al applications range from radiological image interpretation and pathology
to predictive modeling for disease progression. In dentistry, Al is revolutionizing diagnostic imaging, orthodontic treatment
planning, and early detection of oral diseases. Despite its rapid advancement, Al adoption faces challenges including data
privacy, algorithmic bias, regulatory constraints, and limited interpretability of deep learning systems. This review provides a
comprehensive overview of current applications, benefits, limitations, and future directions of Al in clinical decision-making
within medicine and dentistry, emphasizing the need for ethical frameworks and interdisciplinary collaboration.
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Introduction

Artificial intelligence (AI) has emerged as a key driver of
innovation in healthcare, fundamentally altering the landscape
of clinical decision-making. Al systems simulate human
intelligence by processing and analyzing data to support or
automate decision processes. In both medicine and dentistry,
clinicians are increasingly using Al-driven technologies to
enhance diagnostic accuracy, predict disease outcomes, and

design personalized treatment plans [1-35].

The global rise of big data, digital imaging, and electronic
health records has enabled the integration of Al tools capable
of identifying complex patterns beyond human perception. This
review explores how Al technologies are being integrated into
clinical decision-making processes in medicine and dentistry,
their benefits and limitations, and the future direction of this
rapidly evolving field [36-55].

Overview of Artificial Intelligence in Healthcare

Al encompasses a variety of computational methods such
as Machine Learning (ML), Deep Learning (DL), Natural
Language Processing (NLP) and expert systems.

*  Machine Learning (ML): Uses statistical techniques
to enable systems to learn from data without explicit
programming.

* Deep Learning (DL): A subset of ML based on
artificial neural networks, has shown remarkable
success in image and speech recognition tasks [56-65].

Allows
computers to understand and process human language,

* Natural Language Processing (NLP):

supporting clinical documentation and data mining.

These technologies enable healthcare systems to handle
large volumes of structured and unstructured data to improve

diagnosis, prognosis, and treatment outcomes.
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Al in Clinical Decision-Making in Medicine
Diagnostic Support

Al has proven particularly effective in diagnostic imaging.
Deep learning models, especially convolutional neural networks
(CNNs), can interpret radiological images with accuracy
comparable to expert clinicians. For instance, Al systems have
been used to detect breast cancer in mammograms, lung nodules
in CT scans, and diabetic retinopathy in fundus photographs.
Al-powered diagnostic tools help reduce human error, improve

efficiency, and support earlier disease detection.

Predictive and Preventive Medicine

Predictive analytics powered by Al models can identify
individuals at high risk for developing chronic diseases such
as diabetes, cardiovascular disease, and cancer. By integrating
electronic health records (EHRs), Al systems can forecast
disease progression and optimize preventive interventions. This
predictive capability supports personalized medicine, allowing
tailored therapeutic strategies based on genetic, behavioral, and

environmental data [66-73].

Treatment Planning and Optimization

Al assists clinicians in designing treatment protocols by
integrating data from multiple sources. In oncology, for example,
Al algorithms analyze tumor genetics and predict patient
response to specific therapies. In pharmacology, Al contributes

to drug discovery by simulating molecular interactions and

predicting drug efficacy and safety.

Al in Clinical Decision-Making in Dentistry
Diagnostic Imaging and Disease Detection

In dentistry, Al has achieved significant success in interpreting
radiographic images. Deep learning algorithms can automatically
detect dental caries, periodontal bone loss, and periapical lesions
fromradiographs with high precision. Computer-aided diagnostic
(CAD) systems provide dentists with real-time decision support,

enhancing diagnostic reliability and patient outcomes [74-83].

Orthodontics and Prosthodontics

Al facilitates orthodontic treatment planning by predicting tooth
movement and simulating outcomes of different interventions.
In prosthodontics, Al-driven software assists in designing dental
restorations and optimizing occlusal relationships. Digital smile
design systems powered by Al contribute to aesthetic treatment

planning and patient satisfaction.

Oral Pathology and Cancer Detection

Al algorithms have been developed for the detection of oral
squamous cell carcinoma using histopathological images. Early
detection using AI models enables timely intervention and
improved prognosis. Moreover, Al-based screening tools are
being integrated into routine dental practice for early recognition

of potentially malignant oral lesions.

Benefits of Al in Clinical Decision-Making
The Integration of Al in Healthcare Offers Numerous

Advantages:

* Improved accuracy and consistency in diagnosis.

e Enhanced efficiency through automation of routine
tasks.

e Personalized treatment planning based on individual
patient profiles.

*  Reduction of human error and diagnostic bias.

*  Support for remote and telemedicine applications,

expanding access to care.

Challenges and Limitations
Despite its Potential, AI Faces Several Obstacles

e Data Privacy and Security: Patient data used for Al
training must be protected under strict ethical and legal
frameworks.

*  Algorithmic Bias: Training data that lack diversity can
lead to biased models and unequal outcomes.

*  Lack of Transparency: Deep learning models often
operate as “black boxes,” limiting clinician trust.

e Regulatory and Legal Issues: The absence of
standardized Al regulations poses challenges for
clinical deployment.

e Integration Barriers: Incorporating Al into existing
clinical workflows

requires interoperability and

clinician training.

Ethical and Legal Considerations
Ethical Al

transparency,

implementation requires ensuring fairness,
and accountability. In both medicine and
dentistry, informed consent, data governance, and algorithmic
explainability are essential. Regulatory bodies such as the FDA
and EMA are developing frameworks to guide the safe adoption

of Al systems in clinical settings. Professional education must

include Al literacy to ensure responsible and effective use.
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Future Directions

The future of Al in medicine and dentistry is promising.
Emerging technologies such as federated learning, multimodal
Al, and digital twins are expected to enhance decision-making
precision and patient outcomes. Interdisciplinary collaboration
between clinicians, engineers, and ethicists will be crucial in
shaping trustworthy and human-centered Al systems. Integration
of Al into education and clinical training will prepare the next

generation of practitioners for Al-augmented healthcare.

Conclusion

Artificial intelligence is revolutionizing clinical decision-making
in medicine and dentistry by improving diagnostic accuracy,
predictive capabilities, and treatment personalization. Although
challenges related to ethics, bias, and regulation persist, the
integration of Al promises to enhance the quality, efficiency, and
accessibility of healthcare. A balanced approach that combines
technological advancement with ethical oversight will ensure

that Al becomes a reliable partner in clinical practice.
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