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This textbook is conceptualized as a single, comprehensive reference that
meticulously covers all X-ray imaging modalities, catering to a wide spec-
trum of readers, from diploma students to doctoral candidates in radiology
and nuclear medicine, as well as educators, medical physicists, clinicians,
and other healthcare professionals. The book presents underlying physics,
operational principles, quality control measures, and safety protocols in a
manner that is both accessible and thorough. The use of clear and simple
language ensures that complex concepts are easily understandable meet-
ing the diverse needs of its audience. The authors have endeavored to address
questions that commonly arise in the minds of students and practitioners. To
nurture curiosity and critical thinking, the manuscript is, in many places,
written in a question-and-answer format, encouraging readers to actively
engage with the content and stimulate their own thought process. In each sec-
tion, the historical aspect of a particular discovery has been discussed in
detail to further inspire the thought process behind that discovery and encour-
age new achievements. The chapters have been crafted so that readers feel
they are reading a storybook or novel, allowing them to enjoy the journey of
learning science in a more engaging and immersive manner.

The textbook is organized into 12 chapters, starting with foundational con-
cepts and advancing to specialized topics such as X-ray imaging, CT, mam-
mography, fluoroscopy, dental radiography, and hybrid imaging. It serves as
a practical reference for professionals, covering routine tasks like X-ray qual-
ity control, radiation safety, and patient care. It also addresses the planning
and design of radiology departments, with a focus on global standards, safety,
and pediatric considerations. Each chapter includes multiple-choice, short-
answer, and long-answer questions to support students’ exam preparation and
reinforce learning.

Chapter 1 provides a thorough foundation in basic radiation science,
which is essential for understanding the more advanced concepts discussed in
subsequent chapters. Divided into seven sections, it begins with an atomic
structure, starting from the evolution of atomic theory and introducing funda-
mental concepts essential for understanding the nature of matter. The chapter
then digs into the principles of electricity and magnetism, explaining how
these forces are interconnected and their significance in radiation science.
Following this, the book explains radiation quantities and units, providing a
clear understanding of how radiation is measured and quantified. The interac-
tion of radiation with matter is another area covered, detailing the various
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ways in which radiation behaves when it encounters different materials. The
fifth section explains the historical evolution of X-rays, its production, X-ray
spectrum, hard and soft X-rays, clinical applications of X-rays and its haz-
ards. The sixth section talks about production of radionuclides, highlighting
the processes involved and their significance in medical and scientific appli-
cations. Finally, the chapter addresses the concept of radioactivity, discussing
its discovery, the different modes of radioactive decay, and its applications.

Chapter 2 begins with an overview of X-ray technology, goes in detail
about the historical development of X-ray tubes from Wilhelm Conrad
Roentgen’s groundbreaking discovery to the rapid advancements that inte-
grated X-ray technology into medical practice. Significant milestones in
X-ray tube technology are highlighted, including the evolution from early
Crookes tubes to modern innovations like the multi-source X-ray tube and
advancements in cathode technology for spectral CT. The basic principles of
X-ray tube operation are thoroughly explained, followed by a detailed exami-
nation of the different types of X-ray tubes, such as stationary and rotating
anode tubes, as well as specialized tubes for various medical applications.
The components used in X-ray production are explored in depth, providing
insights into the construction and functionality of key parts like the cathode,
anode, tube housing, and heat dissipation systems. The chapter then explains
manufacturing process of X-ray tubes, ensuring a comprehensive understand-
ing of how these critical devices are produced, tested, and maintained. The
chapter also discusses routine quality control measures, safety protocols, and
the common causes of X-ray tube failures, along with practical recommenda-
tions to maximize tube life. Advancements in X-ray tube technology are
highlighted, showcasing innovations that have enhanced performance, power,
and safety.

Chapter 3 explains digital radiography systems, focusing on their princi-
ples of operation, clinical applications, and the importance of quality control.
The chapter is divided into two main sections: computed radiography (CR)
and digital radiography (DR). The first section begins with an introduction to
computed radiography, tracing its historical development and the factors that
should be considered when planning a CR installation. It then explores the
working principles of CR, highlighting its benefits and the key instrumenta-
tion involved. The chapter also covers the dynamic range of CR, its clinical
applications, and the advantages it offers over traditional radiography sys-
tems. The discussion on CR concludes with an examination of common
image artifacts and the quality control measures necessary to ensure optimal
performance, including an overview of top CR manufacturers. The second
section shifts focus to digital radiography systems, offering a comprehensive
overview of their history, classification, and the major components of a DR
imaging system. The chapter explains the technology behind DR flat panel
detectors (FPDs), distinguishing between direct and indirect detector tech-
nologies. It also explores the advantages of FPDs, the role of charged-coupled
devices (CCDs), and the classification of various detector types. The working
principles of both indirect and direct flat panel detectors are thoroughly
examined, along with a detailed discussion on CCD and Thin Film Transistor
(TFT) detectors. The clinical applications of DR are highlighted, showcasing
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how this advanced technology is utilized in medical imaging. The chapter
also addresses common artifacts associated with flat panel detectors, offering
insights into their types, causes, and methods for mitigation. Quality control
in DR is emphasized, with practical guidance on the tools and equipment
needed to implement QC tests effectively. The chapter concludes with a look
at recent technological advancements in digital radiography, ensuring readers
are up-to-date with the latest innovations in the field.

Chapter 4 focuses on mammography, detailing the essential physics, prin-
ciples of operation, quality control, and safety protocols integral to this imag-
ing technique. It begins with an introduction and historical overview, tracing
the evolution of mammography and its technological advancements.
Understanding breast anatomy is also emphasized, laying the foundation for
accurate imaging. The chapter then explores the key components of mam-
mography equipment, including the anode heel effect, tube housing, filters,
compression devices, and digital mammography technology. Special atten-
tion is given to digital breast tomosynthesis (DBT), discussing its principles,
advantages, and limitations. Quality control in mammography is thoroughly
covered, from the history of QC practices to specific tests for both 2D and
DBT imaging. The chapter outlines essential QC procedures, including the
evaluation of image quality, AEC performance, and spatial resolution, ensur-
ing high standards are maintained in mammography.

Chapter 5 explores the essential aspects of fluoroscopy, focusing on its
physics, operational principles, and the critical quality control measures nec-
essary for effective imaging. It begins with an overview of the evolution of
fluoroscopic imaging, tracing its development from early techniques to mod-
ern advancements, and includes some lesser-known historical insights. Key
topics include the special demands of fluoroscopic imaging and its mecha-
nism of action. The chapter also delves into fluoroscopy instrumentation,
highlighting the role of image intensifiers and radiation protection devices in
ensuring patient safety. The clinical applications of fluoroscopy are discussed,
along with the principles of digital fluoroscopy and the working mechanisms
of various flat panel detectors. Radiation dose considerations and protection
measures are emphasized to ensure safe practice. The chapter also covers
room design for fluoroscopy, ensuring optimal setup for effective imaging. It
addresses the importance of image quality control, technological advance-
ments in the field, and common image-related artifacts. Quality assurance
(QA) and quality control (QC) practices are also outlined to maintain high
standards in fluoroscopic imaging.

Chapter 6 provides a comprehensive exploration of computed tomography
(CT) with a focus on its physics, operational principles, quality control, and
safety. It begins with a historical overview of CT, tracing its evolution from
the earliest scanners to the cutting-edge technologies used today. The chapter
covers the different generations of CT scanners, including the latest innova-
tions such as dual-source CT and photon-counting CT, explaining their prin-
ciples, benefits, and clinical applications. Key concepts such as Hounsfield
Units, the Beer-Lambert Law, and the technological components of CT scan-
ners—gantries, X-ray tubes, and data acquisition systems—are thoroughly
discussed. The chapter also delves into CT image reconstruction methods,
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including Fourier transform and iterative reconstruction techniques. It pro-
vides a detailed analysis of the various types of artifacts that can occur in CT
images, both 2D and 3D, and offers practical guidance on their prevention
and correction. Quality control procedures for CT are emphasized, with a
focus on the importance of regular testing, calibration, and dosimetry to
ensure accurate and safe imaging. The chapter also addresses the clinical
applications of CT across a wide range of medical fields, including cardiac
imaging, oncology, and guided biopsies. Additionally, it covers CT room
design and safety considerations, with an emphasis on dose reduction tech-
niques and adherence to regulatory guidelines.

Chapter 7 introduces hybrid imaging technologies, providing an in-depth
exploration of their physics, operational principles, and quality control
requirements. The chapter begins with an introduction to hybrid imaging,
explaining the rationale behind combining different imaging modalities and
highlighting the limitations of standalone modalities such as PET, SPECT,
CT, and MR imaging. It discusses the advantages of hybrid imaging systems,
such as improved diagnostic accuracy and enhanced clinical applications. It
provides a detailed explanation on positron emission tomography (PET) and
single photon emission computed tomography (SPECT) technology, cover-
ing its historical development, fundamental principles, and clinical applica-
tions, including their significance in diagnosing and managing various
diseases. A detailed procedural explanation of quality control is provided
with full of images and techniques so that physicist/technologist understand
the logic of QC procedure and perform it on ground. The chapter also discuss
the technical challenges, advantages, and clinical applications of these hybrid
systems.

Chapter 8 explains the field of dental radiography, focusing on its physics,
operational principles, quality control, and safety. It begins with an overview
of the history of dental radiography, tracing its evolution from the earliest
X-rays to the modern digital techniques used today. The chapter covers the
different types of dental radiographic techniques, including intraoral and
extraoral imaging, and discusses the advantages and limitations of each. The
technical components of dental radiography, such as X-ray tubes, film hold-
ers, and digital sensors, are thoroughly explained. The chapter also addresses
the principles of panoramic radiography, cephalometric analysis, and cone-
beam computed tomography (CBCT) in dental imaging. Quality control pro-
cedures for dental radiography are emphasized, with a focus on the importance
of regular testing, calibration, and adherence to radiation protection guide-
lines to ensure accurate and safe imaging. The chapter also covers the clinical
applications of dental radiography, including its use in diagnosis, treatment
planning, and monitoring of dental and maxillofacial conditions.

Chapter 9 addresses the critical aspects of radiology department planning,
offering a comprehensive guide to the design, construction, and operation of
radiology facilities. It begins with an introduction to the key considerations in
site planning, including the selection of a suitable location, the layout of the
department, and the importance of ensuring adequate space for both current
operations and future expansion. The chapter covers the regulatory require-
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ments for radiology department design, including building codes, radiation
shielding, and environmental considerations. The principles of radiation pro-
tection are thoroughly explained, with guidance on how to incorporate these
principles into the design of the department. The chapter also addresses the
specific needs of different types of radiology facilities, including outpatient
clinics, hospitals, and specialized imaging centers. The importance of work-
flow optimization is emphasized, with practical advice on how to design a
department that supports efficient patient flow, staff productivity, and high
standards of patient care. The chapter also covers the selection and installa-
tion of radiology equipment, including considerations for electrical, mechan-
ical, and IT infrastructure.

Chapter 10 is a practical guide on radiation safety to radiological profes-
sionals for the safety of patients as well as practitioners. It provides an in-
depth explanation of radiation protection principles, dose terminology, and
best practices for ensuring safe and effective operation. The chapter begins
with an introduction to the basic principles of radiation protection, including
the ALARA (As Low As Reasonably Achievable) principle; the concepts of
justification, optimization, and dose limits; and the importance of under-
standing the risks associated with radiation exposure. The chapter then covers
the various types of radiation protection devices, including lead aprons, thy-
roid shields, and protective barriers, and discusses their proper use and main-
tenance. A special attention is given on how to handle female patients, and as
female radiation workers, what precautions are supposed to be followed. A
number of questions have been answered which can arise in the mind of radi-
ation worker related to pregnancy and foetal protection. The importance of
dose reduction techniques is emphasized, with practical guidance on how to
minimize patient and staff exposure during imaging procedures. The chapter
also addresses the regulatory requirements for radiation safety, including the
roles and responsibilities of radiation safety officers, the importance of main-
taining accurate records, and the procedures for reporting radiation
incidents.

Chapter 11 focuses on field of pediatric radiology, exploring the unique
challenges and considerations associated with imaging children. The chapter
begins with an introduction to the anatomical and physiological differences
between children and adults, highlighting how these differences impact the
selection and performance of imaging procedures. The chapter covers the
various types of imaging techniques used in pediatric radiology, including
X-ray, ultrasound, CT, MRI, and nuclear medicine, and discusses the advan-
tages and limitations of each. The importance of radiation protection in pedi-
atric imaging is emphasized, with practical guidance on how to minimize
radiation exposure while still obtaining high-quality diagnostic images. The
chapter also addresses the specific challenges associated with imaging infants
and young children, including the need for sedation, the importance of effec-
tive communication with both the child and their parents, and the role of child
life specialists in supporting the imaging process.

Chapter 12 concludes the textbook by focusing on the critical role of nurs-
ing care in radiology, highlighting the importance of patient care, infection
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control, and emergency protocols in the imaging environment. The chapter
begins with an introduction to the role of the radiology nurse, outlining their
responsibilities in patient preparation, procedure assistance, and post-
procedure care. The chapter covers the principles of patient care in radiology,
including the importance of communication, patient education, and the man-
agement of anxiety and pain. The chapter also addresses the specific infection
control challenges associated with radiology procedures, providing guidance
on how to prevent the transmission of infectious agents in the imaging envi-
ronment. The importance of emergency protocols is emphasized, with practi-
cal advice on how to respond to medical emergencies that may occur during
imaging procedures, including the management of contrast media reactions,
the handling of radiopharmaceuticals, and the provision of basic life
support.

We have strived hard to provide valuable content to the radiological and
nuclear medicine community, and hope our efforts will serve as a helpful
resource. It is our sincere hope that this work benefits and supports the broader
field of radiology.

Kharghar, Navi Mumbai, Maharashtra, India Dibya Prakash
Dubai, United Arab Emirates Rahul Pratap Kotian
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