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PREFACE I

This book is designed to be used by everyone in
diagnostic imaging, each at his or her own level:

For the radiologist—We provide basic discussions on

what is required for quality assurance and con-
trol in diagnostic imaging. We provide informa-
tion on the type of equipment necessary for
quality control (QC), and the training necessary
for the QC technologist, as well as an overview of
the tests (detailed test instructions are provided
separately in the procedures section of each
chapter).

For the physicist—We provide information concern-

ing the initiation and maintenance of a quality
control program. Specific detailed procedures
for carrying out tests, including measurement
techniques and problems, will help the physicist
better guide the direction of the QC program in
institutions of various sizes. This book will also
provide a basis for other, more specific tests that
the physicist may find it necessary to develop.

For the radiology resident—We provide a readable

For

introduction to the problems associated with
x-ray equipment. The information contained in
this book will be of use to the resident entering
practice since it will provide insight concerning
x-ray equipment he or she will be using and pur-
chasing in the future. This book will also be
useful in a residency training program since
physics can be taught with a purpose: the quality
control and understanding of equipment. The
procedures sections of the book can easily be
used for laboratory experiences as part of the
radiology residency physics program.

the radiology administrator—We provide an
introduction to quality control programs, with an
overview sufficient for an understanding of the
problems associated with administering such a

program. The details of the tests, which are not
of interest to most administrators, are provided
separately in the procedures section of each
chapter.

For the service engineer—We provide a complete set

of noninvasive tests. Although these may not
measure exactly what the engineer invasively
measures, they can be used to monitor the out-
put of x-ray equipment. These measurements, in
conjunction with invasive testing, can be very
beneficial in situations such as determining the
possible loss of x-ray tube emission. This book
will provide the engineer with sufficient insight
to better troubleshoot problems reported by
quality control technologists who are using
these tests on a regular basis. The full comple-
ment of image quality tests, including fluoro-
scopic tests, will be useful to the service
engineer. In addition, the tests in this book may
be carried out by the less experienced engineer
in a training program, providing valuable infor-
mation as well as experience.

For the technologist—Last, but by no means least,

we mention the technologist, the person for
whom this book is primarily designed since it is
this group of professionals who will make the
most use of the book and the test procedures
that we describe. The staff technologist will
benefit from the clearly described test protocols
and acceptance limits, as well as the control
charts and logs provided. The student technolo-
gist will find this book readable and usable. In a
student technology program this book can be
used as the basic text for a quality control course
in conjunction with a physics and imaging text.
In fact, physics and imaging can be taught froma
new perspective—quality control being taught to
make physics and imaging, and the equipment,

xi



understandable. This is the opposite approach of
many courses, which teach physics and imaging
on a theoretical basis and leave it to the student
to apply the principles. Now, with this book, the
physics and imaging principles can be taught, as
needed, to support the practical and necessary
work in quality control—at last, a reason for the
technologist to study physics!

This book is based upon extensive experience in
quality control at our institution. The test procedures
have been thoroughly tested in evaluating many
rooms of x-ray equipment. The acceptance limits we
present have been developed on the basis of our
experience, in terms of what we have found is reason-
ably possible to expect of the equipment and what we
have found to be necessary to provide consistent,
high-quality radiographic images for diagnostic pur-
poses. The book is based on experience in large and
small departments, since our institution supports a
cross-section of diagnostic imaging facilities (over
200 x-ray tubes in a large outpatient facility and two
hospitals; a small community medicine facility;
several outreach facilities ranging in size from a
one-x-ray unit facility to a small community hospital).

The contents of this book are unique in that
discussions of theory have been eliminated in
preference to discussions of practical problems and
pitfalls. Material not directly applicable, such as
discussions of the components of photographic
developer or the difference between Y and delta con-
figuration transformers, is not included in order to
make this a succinct, more readable, directly appli-
cable book. Extensive use is made of illustrations and
figures both to show the test setup and to demon-
strate acceptable and unacceptable results of the
tests.

The first chapter (“Introduction”) provides an
overview of quality control programs. Chapter 2
(“Equipment and Measurement Tips") is a primer on
basic quality control equipment and measurement
tips for the quality control technologist. (We have
studiously avoided the mention of manufacturers’
names throughout the book so as not to slight
anyone. Most equipment is available from several
manufacturers and vendors.)

The use of control charts, the key to a good qual-
ity control program, is the subject of Chapter 3
(“Basics of Quality Control”). The establishment of
operating levels and control limits as well as room
logs is also covered. Chapter 3 should be considered
the basis for the quality control program since
without adequate records and an easy way to review
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the data a quality control program will become a data
collection program, with no obvious benefit.

Starting with Chapter 3, each chapter is broken
into two sections. First there is a general discussion
of the tests and then a detailed procedures section
provides a protocol, or cookbook, approach to carry-
ing out the tests and analyzing the data. For each of
the procedures we have also included a section
called “Problems and Pitfalls,” an understanding of
which is essential to obtaining reliable data.

Reject-repeat analysis is discussed in Chapter 4,
but excessive emphasis is not placed on this aspect
of quality control. As we mention, the reject or repeat
rate can be reduced to close to zero if the radiologist
is willing to read every film that comes out of the pro-
cessor.

Chapter 5 is devoted to photographic quality
control since this is usually one of the major problem
areas in diagnostic imaging. Hundreds of thousands
of dollars worth of imaging equipment will only pro-
duce images as good as that which is produced by the
final link in that chain, the processor. The processor
can be, and often is, the weakest link in the imaging
chain, requiring daily monitoring and constant atten-
tion. Also described is a flood replenishment system,
which may be the only way to obtain consistent pho-
tographic processing quality if fewer than 50 sheets
of 14 x 17-inch (35 x 43-cm) film are processed in any
processor each day, or in an application where the
processor handles an abnormally high percentage of
single emulsion films.

Chapters 3 (“Basics of Quality Control”), 5 (““Pho-
tographic Quality Control”), and 6 (“Basic Tests”)
should be considered the backbone and starting
point of a quality control program. The basic tests are
designed to be carried out with a minimum of test
equipment—these tests can be carried out while the
department is awaiting the arrival of quality control
test tools! However, the fact that these tests are
basic does not imply that they should not be part of a
more sophisticated QC program. Each one of the
basic tests, or a more sophisticated version of each,
is an integral part of an ongoing quality control pro-
gram.

In Chapter 7 (“X-Ray Tubes and Collimators”) a
significant amount of time is spent discussing rating
charts and overload protection, since it has been our
experience that the lack of understanding of rating
charts probably leads to the majority of x-ray tube
failures—tubes that cost from $6,000 to $20,000 each.
The purpose of this discussion is to better acquaint
the QC technologist with these charts so that he or
she can develop technique charts that will allow the



optimum usage of the equipment while avoiding tube
problems.

Chapters 8 through 11 provide a discussion of
the radiographic, fluoroscopic, conventional tomo-
graphic, and portable equipment to be evaluated, as
well as detailed test procedures. The last chapter
(“Equipment Specification, Purchase, and Accep-
tance Testing”) provides some guidelines for specify-
ing and acceptance testing equipment, as well as
some comments concerning our experience in work-
ing with the vendors.

Quality control forms, control charts, technique
charts, maintenance request forms, and equipment
specification forms are provided in the appendices.
These may be reproduced for use in your institution,
but may not be reproduced for sale without permis-
sion of the authors and publisher.

This book describes the basis for the quality con-
trol program at our institution, of which we are,
naturally, quite proud. We feel that we produce some
of the best diagnostic films in the world while main-

taining the exposure to our patients and staff at a
minimum level. In addition, since our retake rates
have been minimized through the use of quality
assurance (including QC, staff training, and in-house
service) we have minimized the cost of operating our
department. In other words, we feel we are doing our
best in the three areas of importance in diagnostic im-
aging—

Diagnosis—best diagnostic image quality

Dose—minimized exposure to patients and staff

Dollars—reducing the cost of health care

We hope this book and your quality control pro-
gram will benefit your department as they have
benefitted ours.

Joel E. Gray, Ph.D.

Norlin T. Winkler, B.A., R.T.(R), F.A.S.R.T.
John Stears, R.T.(R)

Eugene D. Frank, R.T.(R)
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