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PREFACE

New to This Edition

This edition was peer-reviewed by five colleagues who brought many valuable cor-
rections and improvements to the text. Several sections have been deleted, moved,
or reorganized to provide smoother transitions and development of the topics,
with particular focus on the digital imaging chapters. Material on rescaling the dig-
ital image has been greatly strengthened, and new graphs have been added that
make histogram analysis and errors much easier to grasp.

The large chapter (Chapter 29) on digital image processing was split into two
chapters, “Digital Image Preprocessing” and “Digital Image Postprocessing” (Chap-
ters 30 and 31), rewritten for the student to more easily assimilate these concepts
even while assuring a thorough overview. Important new practical material has
been added on the limitations of digital features such as smoothing and edge
enhancement, with direct implications for clinical practice. A new chapter (Chapter
36) is dedicated to PACS (picture archiving and communication systems) from the
perspective of what a practicing staff radiographer should know.

The large chapter (Chapter 13) on qualities of the radiographic image was divided
into two chapters, “Visibility Qualities of the Image” and “Geometrical Qualities of
the Image” (Chapters 13 and 14) and revised for easier reading. The math review
chapter (Chapter 3) includes a section on basic graphs. Along with material on the
x-ray beam spectrum, a new section titled “Understanding the Digital Histogram”
has been added, which includes foundational support exercises directly related to
the later chapters on digital image processing.

A glossary of technical radiographic and digital imaging terms has been added
for quick reference. In addition, a deliberate effort has been made to include the
content areas identified in the Curriculum Guide published by the American Society
of Radiologic Technologists, and to address the Standard Definitions published by
the American Registry of Radiologic Technologists.

Scope and Philosophical Approach

The advent of digital radiographic imaging has radically changed many paradigms
in radiography education. In order to bring the material we present completely up
to date, and in the final analysis to fully serve our students, much more is needed
than simply adding two or three chapters on digital imaging to our textbooks.
First, the entire emphasis of the foundational physics our students learn must be
adjusted in order to properly support the specific information on digital imaging
that will follow. For example, a better basic understanding of waves, frequency,
amplitude and interference is needed so that students can later grasp the concepts
of spatial frequency processing to enhance image sharpness. A more thorough cov-
erage of the basic construction and interpretation of graphs prepares the student
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for histograms and look-up tables. Lasers are also more thoroughly discussed here,
since they have not only medical applications, but are such an integral part of
computer technology and optical disc storage.

Second, there has been a paradigm shift in our use of image terminology. Perhaps
the most disconcerting example is that we can no longer describe the direct effects
of kVp upon image contrast. Rather, we can only describe the effects of kVp upon
the subject contrast in the remnant beam signal reaching the image detector, a
signal whose contrast will then be drastically manipulated by digital processing
techniques. Considerable confusion continues to surround the subject of scatter
radiation and its effects on the imaging chain. Great care is needed in choosing
appropriate terminology, accurate descriptions and lucid illustrations for this
material.

The elimination of much obsolete and extraneous material is long overdue. Our
students need to know the electrical physics which directly bear upon the produc-
tion of x-rays in the x-ray tube—they do not need to solve parallel and series circuit
problems in their daily practice of radiography, nor do they need to be spending
time solving problems on velocity. MRI is briefly overviewed when radio waves are
discussed under basic physics, sonography is also discussed under the general head-
ing of waves, and CT is described along with attenuation coefficients under digital
imaging.

It is time to bring our teaching of image display systems up to date by presenting
the basics of LCD screens and the basics of quality control for electronic images.
These have been addressed in this work, as part of eleven full chapters dealing
specifically with digital and electronic imaging concepts. If you agree with this
educational philosophy, you will find this textbook of great use.

Organization

The basic layout is as follows: In Part I, “The Physics of Radiography,” ten chapters
are devoted to laying a firm foundation of math and basic physics skills. The de-
scriptions of atomic structure and bonding go into a little more depth than previous
textbooks have done. A focus is maintained on energy physics rather than mechan-
ical physics. The nature of electromagnetic waves is more carefully and thoroughly
discussed than what most textbooks provide. Chapters on electricity are limited to
only those concepts which bear directly upon the production of x-rays in the x-ray
tube.

Part 2, “Production of the Radiographic Image,” presents a full discussion of the
x-ray beam and its interactions within the patient, the production and characteristics
of subject contrast within the remnant beam, and the proper use of radiographic
technique. This is conventional information, but the terminology and descriptions
used have been adapted with great care to the digital environment.

Part 3, “Digital Radiography,” includes nine chapters covering the physics of dig-
ital image capture, extensive information on digital processing techniques, and the
practical application issues of both CR and DR.

Part 4, “Special Imaging Methods,” includes chapters on mobile radiography, digital
fluoroscopy and an extensive chapter on quality control which includes digital image
QC. Finally, Part 5 consists of five chapters on “Radiation Biology and Protection,”
including an unflinching look at current issues and practical applications.
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Feedback

For a textbook to retain enduring value and usefulness, professional feedback is
always needed. Colleagues who have adopted the text are invited to provide contin-
uing input so that improvements might be made in the accuracy of the informa-
tion as well as the presentation of the material. Personal contact information is
available in the Instructor and Laboratory Manual on disc.

This is intended to be a textbook written “by technologists for technologists,”
with proper focus and scope for the practice of radiography in this digital age. It is
sincerely hoped that it will make a substantial contribution not only to the practice
of radiography and to patient care, but to the satisfaction and fulfillment of radiog-
raphers in their careers as well.

Instructional Resources

INsTRUCTOR RESOURCES CD FOR RADIOGRAPHY IN THE DiGITAL AGE. This disc
includes the answer key for all chapter review questions and a bank of over 1450
multiple choice questions with permission for instructors’ use. It also includes 35
laboratory exercises with 15 demonstrating the applications of CR equipment. The
manual is available only on disc from Charles C. Thomas, Publisher.
PowerPOINT SLIDES ON Disc. PowerPoint™ slides are available for classroom
use, covering the entire textbook and as many as four courses in a typical radiography
curriculum. The four titles are available from Charles C. Thomas, Publisher:

The Physics and Equipment of Radiography
Principles of Radiographic Imaging

Digital Image Acquisition and Display
Radiation Biology and Protection

STUDENT WORKBOOK FOR RADIOGRAPHY IN THE DIGITAL AGE. This 312-page
supplement covers everything in the textbook and as many as four courses in a
typical radiography curriculum It is deliberately organized in a concise “fill-in-the-
blank” format that provokes students to participate in class without excessive note
taking. Questions focus on key words that correlate perfectly with the above slide
series. Available from Charles C. Thomas, Publisher.

DVD Mini-LEssons. To assist the instructor on particularly difficult digital
topics, a series of 20-minute video mini-lessons are available from Digital Imaging
Consultants that correlate with and supplement Radiography in the Digital Age.
Video object-lessons are combined with lucid graphics and clear, progressive ex-
planations to make difficult material “click” for the student. Visit the website at
dicwebinars.com.
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Chapter ]

INTRODUCTION TO
RADIOGRAPHIC SCIENCE

Objectives:

Upon completion of this chapter, you should be able to:

1. List the foundational principles of the scientific method and how they relate
to the standard of practice for radiographers.

2. Describe landmark events in the development of medical radiography,
with particular focus on those that brought about reductions in patient

exposure.

3. Overview landmark events in the development of modern digital radio-

graphic imaging.

4. Present a scientifically balanced perspective on the hazards of radiation in

our environment and workplace.

5. Understand and appreciate the ALARA philosophy in modern radiographic

imaging.

THE SCIENTIFIC APPROACH

Radiography is a branch of the modern science of
medicine. Science is objective, observable, demon-
strable knowledge. Try to imagine your doctor en-
gaging in practices that were not grounded in
scientific knowledge! What is it that sets science
apart from art, philosophy, religion and other human
endeavors? There are actually several foundational
principles to scientific method. It is worthwhile to
give a brief overview of them. They include:

Parsimony: The attempt to simplify concepts and
formulas, to economize explanations; the phi-
losophy that simple explanations are more
likely to be true than elaborate, complex ones.

Reproducibility: The requirement that proofs (ex-
periments) can be duplicated by different
people at different times and in different loca-
tions with precisely the same results.

Falsifiability: The requirement that any theory
or hypothesis can logically and logistically be
proven false. Anything that cannot be proven

false is not science, but belongs in another realm
of human experience.

Observation: The requirement that experiments
and their results can be directly observed with
the human senses.

Measurability: The requirement that results can
be quantified mathematically and measured.

As a fun practice exercise, consider the following
three statements. Which one is scientific?

1. The moon is made of green cheese.

2. Intelligent life likely exists elsewhere in the
universe.

3. Albert Einstein was the greatest physicist in the
twentieth century.

The most scientific statement is No. 1. Even though
it may not be a true statement, it is nonetheless a
statement that can be (and has been) proven false
with modern travel technology, it is simple, and
experiments proving that moon rocks do not con-
sist of green cheese can be reproduced by anyone,
anywhere on earth with the same, observable,
measurable results. Statement No. 2 may be true or



