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ABSTRACT

Biomedical imaging has long been vital for revealing the human body’s inner 
workings with remarkable precision. Now, a new era of imaging technology is set to 
revolutionize healthcare. This chapter explores next-​generation biomedical imaging, 
featuring breakthroughs like photon-​counting CT (PCCT), ultra-​high-​field MRI, 
and advanced molecular imaging that push resolution and specificity boundaries. 
Artificial intelligence plays a pivotal role, with machine learning and deep learning 
transforming image reconstruction, analysis, and interpretation. The chapter also 
highlights multimodal imaging, which integrates structural and functional data for 
a deeper understanding of complex diseases. Beyond innovations, practical applica-
tions are discussed, including early disease detection, minimally invasive procedures, 
and precision medicine. By bridging cutting-​edge research with clinical practice, 
this introduction provides a roadmap for medical professionals and researchers to 
navigate the transformative future of biomedical imaging in diagnosis and treatment.
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1. INTRODUCTION

From the earliest days of X-​rays to the more advanced AI-​powered modalities that 
are now being developed, the biomedical imaging field has undergone tremendous 
change. It started with X-​rays, which were the first to transform medical diagnosis 
and paved the way for other imaging technologies, such as CT and MRI As shown 
in Fig.1. These have helped in the improvement of the quality of images as well as 
provided physicians with more tools for diagnoses. As seen, deep learning algorithms 
when applied to imaging may improve image processing and reconstruction and 
thus offer an avenue for a more precise diagnosis and effective treatment.(Showrov 
et al., 2024)

Figure 1. Evolution of Biomedical Imaging

Despite these advances, medical imaging still faces a number of challenges. The 
first is the massive amounts of data generated by modern imaging techniques. With 
the increasing digital and high-​resolution nature of imaging, data volumes can easily 
exceed terabytes, making storage, retrieval, and analysis procedures cumbersome.
(Scholl et al., 2011) Moreover, medical image interpretation is often qualitative, 
leading to inconsistent diagnosis results. With efforts made to establish quantitative 
imaging biomarkers, it is an effort towards standardizing picture interpretation and 



 

 

34 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/introduction-to-next-generation-

biomedical-imaging/386071

Related Content

Measuring Waste Recyclability Level Using Convolutional Neural Network

and Fuzzy Inference System
Rawan Ghnematand Adnan Shaout (2022). International Journal of Intelligent

Information Technologies (pp. 1-17).

www.irma-international.org/article/measuring-waste-recyclability-level-using-convolutional-

neural-network-and-fuzzy-inference-system/306969

Navigating AI and the Metaverse in Scientific Research Conservation and

Phytochemical Analysis of Aralia cachemirica in Kashmir Himalaya
Bazillah Farooqand Shakeel Basheer (2025). Navigating AI and the Metaverse in

Scientific Research (pp. 177-194).

www.irma-international.org/chapter/navigating-ai-and-the-metaverse-in-scientific-research-

conservation-and-phytochemical-analysis-of-aralia-cachemirica-in-kashmir-himalaya/377293

Automatic Folder Allocation System for Electronic Text Document

Repositories Using Enhanced Bayesian Classification Approach
Wou Onn Choo, Lam Hong Lee, Yen Pei Tay, Khang Wen Goh, Dino Isaand Suliman

Mohamed Fati (2019). International Journal of Intelligent Information Technologies

(pp. 1-19).

www.irma-international.org/article/automatic-folder-allocation-system-for-electronic-text-

document-repositories-using-enhanced-bayesian-classification-approach/225066

NetCube: Fast, Approximate Database Queries Using Bayesian Networks
Dimitris Margaritis, Christos Faloutsosand Sebastian Thrun (2007). Bayesian Network

Technologies: Applications and Graphical Models  (pp. 54-83).

www.irma-international.org/chapter/netcube-fast-approximate-database-queries/5496

An Investigation of Moroccan EFL Learners' Perceptions Towards

Automated Writing Evaluation Tools
Mariam Elouirraoui, Cristina M. Gámez-Fernándezand Azize El Ghouati (2026).

International Journal of Artificial Intelligence (AI) in Teaching and Learning (pp. 1-19).

www.irma-international.org/article/an-investigation-of-moroccan-efl-learners-perceptions-

towards-automated-writing-evaluation-tools/409035

http://www.igi-global.com/chapter/introduction-to-next-generation-biomedical-imaging/386071
http://www.igi-global.com/chapter/introduction-to-next-generation-biomedical-imaging/386071
http://www.igi-global.com/chapter/introduction-to-next-generation-biomedical-imaging/386071
http://www.irma-international.org/article/measuring-waste-recyclability-level-using-convolutional-neural-network-and-fuzzy-inference-system/306969
http://www.irma-international.org/article/measuring-waste-recyclability-level-using-convolutional-neural-network-and-fuzzy-inference-system/306969
http://www.irma-international.org/chapter/navigating-ai-and-the-metaverse-in-scientific-research-conservation-and-phytochemical-analysis-of-aralia-cachemirica-in-kashmir-himalaya/377293
http://www.irma-international.org/chapter/navigating-ai-and-the-metaverse-in-scientific-research-conservation-and-phytochemical-analysis-of-aralia-cachemirica-in-kashmir-himalaya/377293
http://www.irma-international.org/article/automatic-folder-allocation-system-for-electronic-text-document-repositories-using-enhanced-bayesian-classification-approach/225066
http://www.irma-international.org/article/automatic-folder-allocation-system-for-electronic-text-document-repositories-using-enhanced-bayesian-classification-approach/225066
http://www.irma-international.org/chapter/netcube-fast-approximate-database-queries/5496
http://www.irma-international.org/article/an-investigation-of-moroccan-efl-learners-perceptions-towards-automated-writing-evaluation-tools/409035
http://www.irma-international.org/article/an-investigation-of-moroccan-efl-learners-perceptions-towards-automated-writing-evaluation-tools/409035

