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ABSTRACT

Artificial Intelligence (Al) is transforming medical imaging by improving accuracy,
efficiency, and interpretability in diagnostics and treatment. This chapter examines
Al’s role in image analysis across medical domains using machine learning (ML),
deep learning (DL), and radiomics. Al has demonstrated effectiveness in various
applications, often matching or surpassing clinicians. It enhances diagnostic and
predictive capabilities, streamlines workflows, and aids in early detection, disease
characterization, and treatment planning. However, challenges like robustness, bias
reduction, and generalizability across datasets hinder adoption. Addressing these
issues is key to seamless clinical integration. Emerging trends focus on multimodal
data and generalized models to broaden Al’s applicability. While promising, these
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technologies require validation throughmulticenter studies, larger datasets, and strong
algorithmic frameworks. Through collaboration, Al-driven imaging can advance
precision medicine, improve patient outcomes, and redefine medical diagnostics.

INTRODUCTION

Traditional methods of medical image interpretation often rely heavily on the
expertise of radiologists, which can be time-consuming and subject to human error,
fatigue, and inter-observer variability. These limitations may result in missed subtle
pathologies, delayed diagnoses, and inconsistencies in clinical decision-making
(Khalifa & Albadawy, 2024). Artificial Intelligence (Al) is increasingly addressing
these challenges by transforming the landscape of medical image analysis. With
advanced techniques such as machine learning (ML) and deep learning (DL), Al
systems can rapidly process large volumes of imaging data, identify complex pat-
terns, and detect features that may be imperceptible to the human eye (Pinto-Coelho,
2023). Al has been used in imaging modalities like MRI, CT, ultrasound, and X-ray
to improve accuracy and efficiency. In particular, Al-driven voxel-based feature
extraction from multimodal images shows promise for early disease detection and
classification by severity or aggressiveness.(Rana & Bhushan, 2023).

Alin medical imaging has evolved significantly, starting with foundational ideas
in the 1940s and progressing through major technological advances. In the 1970s
and 1980s, expert systems using rule-based logic aided clinical decisions but lacked
adaptability(Avanzo et al., 2024). The introduction of artificial neural networks
and computer-aided detection (CAD) tools during the 1980s marked a significant
breakthrough, enabling machines to assistradiologists particularly in tasks like lesion
detection in mammography (Fazal et al., 2018). Recently, advances in deep learning,
powered by better computing, large datasets, and convolutional neural networks
(CNNs), have transformed medical imaging. Al now matches or surpasses human
performance in image classification, segmentation, and lesion detection.(Avanzo
et al., 2024). However, challenges related to interpretability, workflow integration,
and ethical concerns such as fairness and accountability remain central to ongoing
development and adoption.

This chapter aims to outline the steps involved in the training and assessment of
ML and DL models along with applying Al enhanced diagnosis of various diseases
and prediction of their phenotype and prognosis and planning personalized treatment
planning and monitoring the treatment responses across various imaging modalities.
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