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ABSTRACT

Medical imaging is both an indispensable tool and a highly interdisciplinary field. Over the past decades,
progress in medical imaging theory and technology has dramatically accelerated. This chapter provides
a comprehensive study of the fundamental and advanced principles behind each of the major imaging
modalities. It also presents topics related to the vision of the future of each modality. The chapter is
intended for upper level or graduate biomedical engineering/bioengineering/medical physics students,

researchers, and faculty.

15.1. CHAPTER OBJECTIVES

Computed Tomography (CT), Magnetic Reso-
nance Imaging (MRI), Positron Emission Tomog-
raphy (PET), Single Photon Emission Computed
Tomography (SPECT), Ultrasound (US) and opti-
calimaging are independentresearch areas; each of
them generates numerous scans and papers annu-
ally,and deserves several books for comprehensive
coverage. Instead of presenting all the technical
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subtleties and application details, the objectives
of this chapter (for each of the aforementioned)
modalities are as follows:

. Present the fundamental ideas and prin-
ciples in an “engineer friendly” language,
specifically for senior undergraduate and
graduate students in the field of Biomedical
Engineering.
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. Describe the most important imaging
methods, representative system architec-
tures and illustrative clinical applications
so that students, researchers and admin-
istrators can make educated judgments in
career planning, research collaboration and
management.

*  Discuss major research directions to pro-
mote relevant research, foster interdisci-
plinary collaboration, and induce forward
thinking; this will be facilitated through a
comprehensive list of key references at the
end of this chapter.

15.2. INTRODUCTION

Civilization has been driven by the need for
extending human capabilities, including visual
perception. Our native vision is limited by many
factors, one of which is the opaqueness of many
objects like our bodies. It is a fascinating idea
to have “an inner vision”, like a comic book
character. In the last century, x-ray computed
tomography (CT) gained prevalence as the first
tomographic imaging modality that produced an
accurate, non-destructive image of an object via
x-ray measurement. Subsequently, other different
tomographic imaging modalities were developed
including: MRI, PET, SPECT, US, optical imag-
ing, etc. These modalities utilize different physical
principles, reveal diagnostic information from
complementary perspectives, and can be integrated
into tremendous synergies.

Modern imaging technologies can be cat-
egorized into three generations: i) anatomical/
structural imaging (e.g., x-ray CT quantifies tumor
sizes), ii) functional imaging (e.g., functional
MRI of the brain), and iii) molecular imaging
(e.g., PET-CT studies, fluorescence and biolu-
minescence tomography). The NIH Roadmap
(http://commonfund.nih.gov) presents a number
of majorinitiatives to accelerate medical research.
The Molecular Libraries and Imaging (http:/

commonfund.nih.gov/molecularlibraries/index.
aspx) initiative suggests new ways for imaging
of cellular and molecular features in biologic
systems on multiple scales — from single cells to
whole organisms. One goal is to improve detec-
tion sensitivity 10- to-100-fold, for a wide range
of diseases and functions. Clearly, imaging tools
are instrumental for modern medicine, and prom-
ise to be predictive, preventive, personalized and
participatory.

According to www.bharatbook.com, in 2009
the American market for medical imaging equip-
ment was estimated at over $8.5 billion, in spite
of the 2007-2008 global economic recession. In
2011, Global Industry Analysts (GIA, Inc., http://
www.StrategyR.com) released a comprehensive
report on the global market for three-dimensional
(3D) medical imaging equipment that was forecast
to reach $3.5 billion by 2015. The driving factors
include: an aging developed-world population,
critical diseases, new applications (e.g., cardiol-
ogy and dentistry), technological advancements,
and developing markets. For example, Asia is a
rapidly developing continent where biomedical
imaging R&D has shown great progress, with a
yearly market growth of about 30%, in China.

15.3. ACOMPREHENSIVE
DEFINITION OF MEDICAL IMAGING

Medical imaging is defined as the field of studies
on the theories, methods, techniques and systems
that non-invasively produce images of internal
structures of the human body. Modern medical
imaging demands innovative solutions to inverse
problems, as the key is to non-invasively obtain
information about internal features. Imaging
should avoid harm to the subject, and maintain
the biological processes under investigation intact.
A wide portion of the electrical and magnetic
spectrum is utilized by various medical imaging
modalities (Table 1). Some modalities provide
a fairly direct means to produce an image (e.g.,

635



77 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/medical-imaging/63403

Related Content

Breast Cancer Lesion Detection From Cranial-Caudal View of Mammogram Images Using
Statistical and Texture Features Extraction

Kavya N, Sriraam N, Usha N, Bharathi Hiremath, Anusha Suresh, Sharath D, Venkatraman Band
Menaka M (2020). International Journal of Biomedical and Clinical Engineering (pp. 16-32).

www.irma-international.org/article/breast-cancer-lesion-detection-from-cranial-caudal-view-of-mammogram-images-

using-statistical-and-texture-features-extraction/240743

A System to Measure Physiological Response During Social Interaction in VR for Children With
ASD

Karla Conn Welch, Uttama Lahiri, Zachary E. Warrenand Nilanjan Sarkar (2019). Computational Models for
Biomedical Reasoning and Problem Solving (pp. 1-33).
www.irma-international.org/chapter/a-system-to-measure-physiological-response-during-social-interaction-in-vr-for-
children-with-asd/227270

A SVM Based Automated Detection of Uterine Fibroids Using Gabor and Wavelet Features

N. Sriraam, D. Nithyashri, L. Vinodashriand P. Manoj Niranjan (2012). International Journal of Biomedical
and Clinical Engineering (pp. 77-85).
www.irma-international.org/article/svm-based-automated-detection-uterine/73695

Smart Jacket Design for Improving Comfort of Neonatal Monitoring

Wei Chenand Sibrecht Bouwstra (2012). Neonatal Monitoring Technologies: Design for Integrated
Solutions (pp. 361-385).
www.irma-international.org/chapter/smart-jacket-design-improving-comfort/65278

Assistive Technologies, Tools and Resources for the Access and Use of Information and
Communication Technologies by People with Disabilities

Betania Groba, Thais Pousadaand Laura Nieto (2011). Handbook of Research on Personal Autonomy
Technologies and Disability Informatics (pp. 1-15).
www.irma-international.org/chapter/assistive-technologies-tools-resources-access/48271



http://www.igi-global.com/chapter/medical-imaging/63403
http://www.irma-international.org/article/breast-cancer-lesion-detection-from-cranial-caudal-view-of-mammogram-images-using-statistical-and-texture-features-extraction/240743
http://www.irma-international.org/article/breast-cancer-lesion-detection-from-cranial-caudal-view-of-mammogram-images-using-statistical-and-texture-features-extraction/240743
http://www.irma-international.org/chapter/a-system-to-measure-physiological-response-during-social-interaction-in-vr-for-children-with-asd/227270
http://www.irma-international.org/chapter/a-system-to-measure-physiological-response-during-social-interaction-in-vr-for-children-with-asd/227270
http://www.irma-international.org/article/svm-based-automated-detection-uterine/73695
http://www.irma-international.org/chapter/smart-jacket-design-improving-comfort/65278
http://www.irma-international.org/chapter/assistive-technologies-tools-resources-access/48271

