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First, I must acknowledge the contributions from students 
and imaging faculty throughout the United States and vari-
ous regions of the world, including Puerto Rico and South 
America. We hear frequently from them, as they provide 
feedback on the text and ancillaries. They have shared with 
us with fresh ideas and perspectives for the text and how 
to improve it.

The Radiologic Sciences faculty and staff at Boise State 
University are outstanding role models for their students and 
the profession—Leslie Kendrick, Cathy Masters, Travis Arm-
strong, Natalie Mourant Hodges, Monica Breedlove, and Anas-
tasia Tracy. They have given me support and friendship during 
my time at BSU. To the BSU students, you have provided me 
with joy, challenges, and support during my tenure. I can’t 
thank you enough for the many smiles and laughs we have 
shared.

The contributing authors for the 11th edition did an out-
standing job in researching and writing the content for various 
chapters. My heartfelt gratitude to each of them for making 
this edition truly reflective of the current practice in medical 
imaging. Special thanks to the faculty at GateWay Community 
College: Bradley Johnson, Nicole Hightower, Janelle Black, and 
Michelle Wilt. Bradley redesigned Chapters 1 and 19 in this 
edition and served as consultant for all of the digital imaging 
concepts. I spent 35 years at GWCC and have tremendous 
respect for the program, its graduates, and its faculty.

Leslie E. Kendrick formally became coauthor for the ninth 
edition. Leslie is a driven, detailed, and outstanding writer. She 
took on this huge endeavor while maintaining her program 
responsibilities at Boise State University, completing her 
research for a doctorate, and taking care of her family. You can’t 
measure the character of a writer until he or she is tested by 
long hours, pressing deadlines, and personal sacrifice. Leslie 
has the character and heart of a writer. Thank you for the 
friendship and trust you have placed in me. Allowing me to 
serve as faculty at Boise State University was such a positive 
endpoint to my teaching career.

A special thanks to Dr. Chad Hensley, who edited the 11th 
edition of the workbook. Chad is an excellent writer, valued 
colleague, and close friend.

More than 80 photographs were taken for the 11th edition. 
This feat would not have been possible without the special 
talents of KJ Filmworks, including Jack Quirk and Ken Helms.

Our gratitude to photography models and the support team: 
Meg Benson, Tina Kaemmerer, Misti Walker, Livia Kendrick, 
Atticus Rosenkoetter, Aubrie Rosenkoetter, Robyn Pedraza, and 
Shylenta Zimmerman, who served as models for this edition. 
They maintained a high degree of professionalism and tremen-
dous patience throughout the long photo shoots.

We were honored to have Meg Benson as our Executive 
Content Strategist. Meg was our editor for the 11th edition 
from inception to completion. Meg made the process of creat-
ing the new edition seamless. I truly admire her integrity, 
professionalism, sense of humor, and friendship.

Our Senior Content Development Specialist, Tina Kaem-
merer, was simply incredible. She is a perfectionist who chal-
lenged us to bring forth our best effort in a loving way. Her 
support was ongoing, professional, and always positive. She is 
an outstanding professional and fine person. We shall always 
treasure our friendship with Tina.

Rachel E. McMullen is the Senior Project Manager who led 
us through the production phase. We couldn’t have produced 
this edition without her expertise.

Most importantly, sincere gratitude to Elsevier Publishing for 
allowing us to continue to be part of this wonderful reference 
for the past 52 years.

Finally, my thanks to my family for their ongoing support: 
My wife Deborah, son Daniel, daughter Molly, and granddaugh-
ter Tatum. I’m especially proud that Daniel and Molly have 
entered the medical profession. They are both excellent profes-
sionals, and they understand the importance of treating their 
patients with dignity and compassion. They have always been 
important to me, even though I don’t express it adequately. My 
true inspiration is my granddaughter, Tatum. Now 17 years old, 
she has turned into a loving, bright, and caring young person. 
She recently got accepted at the University of Arizona. Tatum 
will always own my heart. Finally, my thanks to Buddy and 
Segen—the family dogs—for the joy (and occasional challenges) 
they provide us.

Deborah has been at my side for more than 45 years. She 
has been the loving anchor that provides our family with the 
stability and encouragement to be successful in all our profes-
sional and personal endeavors. Meeting the demands of a new 
edition of the text would not have been possible if it wasn’t 
for her enduring love and support.

Finally, my mother-in-law Joan Bowden has always been 
supportive of me. She has treated me like a son, for which I 
am truly grateful. She has taught me what true courage is in 
facing health challenges. Mom, I dedicate this edition to you.

JPL
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John Lampignano has eloquently acknowledged many incred-
ible individuals from the realms of medical imaging and pub-
lishing. I sincerely echo his sentiments of appreciation and 
recognize that this 11th edition has been made possible with 
the time and talents of many. Special thanks to Dr. José Rafael 
Moscoso-Alvarez, of the Universidad Central de Caribe, Puerto 
Rico, for his invaluable contributions to Chapter 1 regarding 
the various patient populations we imaging technologists 
serve. José is a cherished colleague and friend. We respect and 
appreciate his contributions to this edition. Working alongside 
and with so many amazing professionals is an incredible honor. 
Your resilience, advocacy for patients, and tremendous respect 
for each other are what makes this profession such a joy.  
I genuinely appreciate the opportunity to give back to the 
profession as the coauthor of this textbook and ancillaries with 
utmost gratitude.

I am especially grateful to John Lampignano, Cathy Masters, 
Travis Armstrong, Natalie Mourant Hodges, Monica Breedlove, 
and Anastasia Tracy of Boise State University for freely sharing 

their professional perspectives and expertise in the field of 
medical imaging. You foster in me a drive to think outside the 
bounds set before us and to grow in newly imagined ways. It 
is truly an honor to be your colleague.

I also thank my lovely family for their boundless support and 
patience. My youngest, Livia, has sat by patiently many times 
waiting for Mom to finish revising a paragraph for the 10th time. 
My incredible husband, Travis, recognizes the honor of my par-
ticipation in this project and continues to support my insatiable 
desire to get it right. Words cannot express the pride I feel when 
I reflect on my family: seven beautiful children—each talented, 
kind, and a blessing to those around them: CJ, Ren, Robyn, Kade, 
Atticus, Aubrie, and Livia; seven lovely grandchildren—each filled 
with wonder and delight: Fox, Killian, Kellen, Charlie, Haydin, 
Addison, and Calliope; one amazing husband who loves me 
unconditionally and makes my life complete. There aren’t 
enough words to express the joy you each bring to me. Thank 
you for sharing so much of yourselves.

Lastly, I thank John P. Lampignano for opening a new level 
of our profession to me by extending the invitation of 
coauthorship. It is exciting how this project continually presents 
opportunities for collaboration across the United States and 
around the globe. The professional growth from exposure to 
new ideas, concepts, and intellects has been exponential. 
Working with John is an incredible privilege. He is an icon in 
our profession and a giant in the field. John is an inspiration 
as an educator, scientist, and individual. He has instilled in me 
a recognition of the value in global collaboration with imaging 
professionals to ensure currency, quality, and accuracy. I will 
forever be in John’s debt for the trust he granted me with this 
partnership.

I encourage communication from all readers of these materials 
on how to improve and be the resources needed by our com-
munities of educators, students, and imaging professionals.

LEK
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Purpose and Goal of the Eleventh Edition
The 11th edition of the Textbook of Radiographic Positioning 
and Related Anatomy is a one-volume reference that provides 
the essential knowledge for the student in radiographic posi-
tioning. Positioning remains one of the critical variables in 
medical radiography that is solely in the hands of the technolo-
gist. Proper positioning displays anatomy and pathology cor-
rectly to enable the radiologist and other healthcare providers 
to make an accurate diagnosis. In many respects, the patient’s 
health and well-being are in the hands of the technologist. The 
authors and contributors had this goal in mind as we made 
the revisions for the 11th edition. Each position and procedure 
were evaluated carefully to provide the most accurate informa-
tion for the student and practicing technologist. Our goals were 
to be accurate, use language that was easy to follow, and 
observe current practices for reducing dose to the patient and 
technologist. Our aim was to continue this format in the Work-
book, Handbook, and web-based resources.

We hope we have met these goals. We continue to be open 
to your feedback and suggestions to make this text and its 
ancillaries more accurate and valuable resources. 

Methodology
We apply the principle of presenting information from simple 
to complex, from known to unknown, and we provide dia-
grams and images to illustrate these concepts. The chapters 
are arranged to first describe the more basic radiographic 
procedures and proceed to the more complex ones in later 
chapters. This method is continued in the format of the Work-
book and Handbook as well. 

New to This Latest Edition
	•	 �Chapter 1, Terminology, Positioning, and Imaging Prin-

ciples contains examples of terminology, basic principles, 
digital imaging systems, physical and virtual grids, radio-
graphic quality factors, and radiation protection that provide 
a central resource for these principles and concepts. Analog 
imaging concepts have been eliminated in this edition. 
Information on digital imaging concepts has been updated 
and reflects current practices. Expanded information has 
been added on the bariatric patient. The chapter on radia-
tion protection reinforces the recommendations and prac-
tices promoted by the ImageGently and ImageWisely 
initiatives.

	•	 �Chapter 4, Upper Limb added the Bilateral PA (stress) 
method, which may demonstrate scapholunate dislocations 
of the carpal bones.

	•	 �Chapter 5, Shoulder Girdle and Humerus added the 
Superoinferior Transaxillary method for the scapulohumeral 
joint space.

	•	 �Chapter 6, Lower Limb added the Dorsoplantar Axial 
(weight-bearing) calcaneus projection.

	•	 �Chapter 7, Femur and Pelvis added the Oblique (False 
and Modified False profile) projections for the 
acetabulum.

	•	 �Chapter 14, Urinary System updated information on 
iodinated contrast media and related reactions.

	•	 �Chapter 15, Trauma, Mobile, and Surgical Radiography 
revised extensively to focus on key concepts of mobile, 
trauma, and surgical radiography. The section on mobile 
radiographic equipment was updated to reflect the current 
technology.

	•	 �Chapter 16, Pediatric Radiography updated to reflect 
best practices in reducing dose to young patients. Image-
Gently principles are stressed in this chapter and Chapter 1. 
Photographs of pediatric immobilization devices have been 
updated.

	•	 �Chapter 17, Angiography and Interventional Proce-
dures added new art and photographs to illustrate current 
procedures and angiographic devices currently seen in clini-
cal practice.

	•	 �Chapter 18, Computed Tomography revised to reflect the 
newest technology available. New procedures and current 
CT technology were added in this chapter. Higher-resolution 
CT images were added.

	•	 �Chapter 19, Special Radiographic Procedures updated 
to reflect new procedures and imaging modalities including 
digital tomosynthesis (DTS). Linear tomography concepts 
were removed.

	•	 �Chapter 20, Diagnostic and Therapeutic Procedures 
updated each modality to reflect current imaging systems 
and procedures. Magnetic resonance imaging (MR) section 
was revised to include current technology, current protocols, 
and high-quality images.

	•	 �The 11th edition closely follows the procedures and posi-
tioning concepts required by the American Registry of 
Radiologic Technologists (ARRT) Examination Content Spec-
ifications for the Radiography.

	•	 �More than 80 positioning photographs have been 
replaced in the 11th edition. A different perspective was 
used with these photos. They demonstrate close-ups of the 
positioning model so that students and technologists can 
better view positioning landmarks, CR centering points, and 
collimation. Erect versions of positions have been expanded 
to reflect current clinical practice.

	•	 �New images have been added throughout the 11th edition. 
We replaced many analog film-based images with digital 
versions. Several of the commercial medical imaging com-
panies graciously allowed us to use their images for this 
edition.

	•	 �Radiographic Critique. At the end of Chapters 2-11 and 
18, the radiographic critique section has been updated to 
provide students a method to compare an ideal image to 
others than demonstrate common positioning and technical 
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errors. Solutions for these critique assessments are provided 
in the faculty Evolve site.

	•	 �Digital imaging continues to be emphasized in the 11th 
edition. Terminology, technical factors, part centering, and 
kVp ranges are described with a primary focus on digital 
systems.

	•	 �kVp ranges have been reviewed by experts in the field to 
ensure they are consistent with current practice and will 
provide the most diagnostic images while reducing patient 
dose.

	•	 �Consistent positioning terminology is used throughout 
the Textbook, Workbook, and Handbook. Projection names 
that are formally recognized in the profession are used. All 
projections match those stated in the ARRT Content Speci-
fications in Radiography.

	•	 �Twenty chapters. The number of chapters for the 11th 
edition remains 20. To keep the size and page count of the 
text to a reasonable size, we kept this edition to the relative 
size of the previous edition. The body of knowledge in 
medical imaging continues to grow exponentially. This 
edition provides the most essential concepts in radiographic 
anatomy and positioning while keeping the size and weight 
of this text consistent with past editions.

	•	 �The authors and contributors believe the changes and 
improvements in this latest edition will enhance learning 
and reflect current clinical practice. 

Ancillaries
WORKBOOK
This edition contains new learning-exercise and self-test ques-
tions, including more situation-based questions and new ques-
tions on digital imaging. All questions have been reviewed by 
a team of educators and students to ensure the accuracy of 
the content and answers. The radiographic critique section was 
expanded to include images in the workbook pages. 

EVOLVE INSTRUCTOR RESOURCES
A computerized test bank is available on Evolve to instructors 
who use this textbook in their classrooms. The test bank fea-
tures more than 2100 questions. They include registry-type 

questions, which can be used as final evaluation exams for 
each chapter, or they can be put into custom exams that edu-
cators create. These tests can be administered as either com-
puter- or print-based assessments and are available in LMS 
format. The text bank is restricted to faculty use, which can be 
found in Evolve resources.

Also available on Evolve is an electronic image collection 
featuring more than 2700 images that are fully coordinated 
with the 11th edition Textbook and Workbook. Instructors can 
create their own customized classroom presentations using 
these electronic images, which closely follow the Textbook and 
Workbook, chapter by chapter.

The Evolve Instructor Resources also provide a complete 
PowerPoint presentation that correlates with the Textbook. 

EVOLVE STUDENT RESOURCES
For the 11th edition, students will have access to 400 addi-
tional review questions (20 questions per chapter) to help 
them review important concepts. Each question includes 
detailed rationales. 

HANDBOOK
The new 11th edition revised pocket Handbook, also authored 
by John P. Lampignano and Leslie E. Kendrick, is now available 
from Elsevier as one of the ancillary components along with 
student workbooks and an electronic image collection for a 
complete current student resource on radiographic 
positioning. 

MOSBY’S RADIOGRAPHY ONLINE
Mosby’s Radiography Online for Textbook of Radiographic 
Positioning and Related Anatomy is a unique online course-
ware program promoting problem-based learning with the 
goal of developing critical thinking skills needed in the clinical 
setting. Developed to be used in conjunction with the Lampig-
nano/Kendrick Textbook and Workbook, the online course 
enhances learning with animations and interactive exercises 
and offers application opportunities that can accommodate 
multiple learning styles and circumstances.
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	 1	 �PROJECTION TITLE BARS describe the specific position/
projection to be radiographed, including the proper name of 
the position, if such applies.

	 2	 �CLINICAL INDICATIONS section summarizes conditions or 
pathologies that may be demonstrated by the examination 
and/or projection. This brief review helps the technologist 
understand the purpose of the examination and which struc-
tures or tissues should be most clearly demonstrated.

	 3	 �PROJECTION SUMMARY BOXES list all the specific routine 
or special projections most commonly performed for that 
body part.

	 4	 �TECHNICAL FACTORS section includes the recommended 
field size for the average adult; whether the IR should be 
placed portrait or landscape in relation to the patient; a grid, 
if one is needed; recommended kVp ranges; the minimum 
SID (source-to-image receptor distance) is listed.

	 5	 �IMAGE RECEPTOR ICONS give a visual display of the sug-
gested collimation field size (cm) and orientation (portrait or 
landscape), location of R and L markers, and the recom-
mended AEC cell location (if AEC is used).

	 6	 �PATIENT POSITION section indicates the general body posi-
tion required for the projection.

	 7	 �PART POSITION section gives a clear, step-by-step descrip-
tion of how the body part should be positioned in relation to 
the IR and/or tabletop. The central ray (CR) icon is included 
for all those projections in which the CR is of primary impor-
tance, to remind the technologist to pay special attention to 
it during the positioning process for that projection.

	 8	 �CENTRAL RAY (CR) section describes the precise location of 
the CR in relation to both the IR and the body part.

	 9	 �RECOMMENDED COLLIMATION section describes the col-
limation of the x-ray field recommended for that projection.

	10	 �RESPIRATION section lists the breathing requirements for 
that projection.

	11	 �EVALUATION CRITERIA boxes describe evaluation/critique 
process that should be completed for each processed radio-
graphic image. This process is divided into the following three 
broad categories: (1) anatomy demonstrated, (2) position, 
(3) exposure.
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PART ONE ◾ TERMINOLOGY AND POSITIONING

GENERAL, SYSTEMIC, AND SKELETAL ANATOMY AND ARTHROLOGY
  

General Anatomy
Anatomy is the study, classification, and description of the structure 
and organs of the human body, whereas physiology deals with the 
processes and functions of the body, or how the body parts work. 
In the living subject, it is almost impossible to study anatomy with-
out also studying some physiology. However, radiographic study of 
the human body is primarily a study of the anatomy of the various 
systems, with less emphasis on the physiology. Consequently, 
anatomy of the human system is emphasized in this radiographic 
anatomy and positioning textbook.
NOTE: Phonetic respelling1 of anatomic and positioning terms is included 
throughout this text to facilitate correct pronunciation of the terms com-
monly used in medical radiography.

STRUCTURAL ORGANIZATION
Several levels of structural organization make up the human body. 
The lowest level of organization is the chemical level. All chemicals 
necessary for maintaining life are composed of atoms, which are 
joined in various ways to form molecules. Various chemicals in the 
form of molecules are organized to form cells.

Cells
The cell is the basic structural and functional unit of all living tissue. 
Every single part of the body, whether muscle, bone, cartilage, fat, 
nerve, skin, or blood, is composed of cells. 

Tissues
Tissues are cohesive groups of similar cells that, together with their 
intercellular material, perform a specific function. The four basic 
types of tissue are as follows:
Epithelial (ep″-i-the′le-al): Tissues that cover internal and external 

surfaces of the body, including the lining of vessels and organs, 
such as the stomach and the intestines

Connective: Supportive tissues that bind together and support 
various structures

Muscular: Tissues that make up the substance of a muscle
Nervous: Tissues that make up the substance of nerves and nerve 

centers 

Organs
When complex assemblies of tissues are joined to perform a spe-
cific function, the result is an organ. Organs usually have a specific 
shape. Examples of organs of the human body are the kidneys, 
heart, liver, lungs, stomach, and brain. 

System
A system consists of a group or an association of organs that have 
a similar or common function. The urinary system, consisting of the 
kidneys, ureters, bladder, and urethra, is an example of a body 
system. The total body comprises 10 individual body systems. 

Organism
The 10 systems of the body when functioning together make up 
the total organism—one living being (Fig. 1.1). 

Molecule

Atoms

Cell

Tissue

Organ

System

Organism
(10 systems)

Fig. 1.1  Levels of human structural organization.
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Systemic Anatomy
BODY SYSTEMS
The human body is a structural and functional unit made up of 10 
lesser units called systems. These 10 systems are the (1) skeletal, 
(2) circulatory, (3) digestive, (4) respiratory, (5) urinary, (6) repro-
ductive, (7) nervous, (8) muscular, (9) endocrine, and (10) integu-
mentary (in-teg″-u-men′-tar-e) systems.

Skeletal System
The skeletal system (Fig. 1.2) is important for the technologist to 
learn. The skeletal system includes the 206 separate bones of the 
body and their associated cartilages and joints. The study of bones 
is termed osteology, whereas the study of joints is called 
arthrology.

The four functions of the skeletal system are as follows:
	1.	� Support and protect many soft tissues of the body
	2.	� Allow movement through interaction with the muscles to form 

a system of levers
	3.	� Produce blood cells
	4.	� Store calcium 

Circulatory System
The circulatory system (Fig. 1.3) is composed of the following:
	•	 �The cardiovascular organs—heart, blood, and blood vessels
	•	 �The lymphatic system—lymph nodes, lymph vessels, lymph 

glands, and spleen
The six functions of the circulatory system are as follows:

	1.	� Distribute oxygen and nutrients to the cells of the body
	2.	� Transport cell waste and carbon dioxide from the cells
	3.	� Transport water, electrolytes, hormones, and enzymes
	4.	� Protect against disease
	5.	� Prevent hemorrhage by forming blood clots
	6.	� Assist in regulating body temperature 

Digestive System
The digestive system includes the alimentary canal and certain 
accessory organs (Fig. 1.4). The alimentary canal is made up of the 
mouth, pharynx, esophagus, stomach, small intestine, large intes-
tine, and anus. Accessory organs of digestion include the salivary 
glands, liver, gallbladder, and pancreas.

The twofold function of the digestive system is as follows:
	1.	� Prepare food for absorption by the cells through numerous 

physical and chemical breakdown processes
	2.	� Eliminate solid wastes from the body 

Fig. 1.2  Skeletal system.

Cardiovascular
organs

Lymphatic
organs

Fig. 1.3  Circulatory system.

Fig. 1.4  Digestive system.
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Respiratory System
The respiratory system is composed of two lungs and a series of 
passages that connect the lungs to the outside atmosphere (Fig. 
1.5). The structures that make up the passageway from the exterior 
to the alveoli of the lung interior include the nose, mouth, pharynx, 
larynx, trachea, and bronchial tree.

The three primary functions of the respiratory system are as 
follows:
	1.	� Supply oxygen to the blood and eventually to the cells
	2.	� Eliminate carbon dioxide from the blood
	3.	� Assist in regulating the acid-base balance of the blood 

Urinary System
The urinary system includes the organs that produce, collect, and 
eliminate urine. The organs of the urinary system consist of the 
kidneys, ureters, bladder, and urethra (Fig. 1.6).

The four functions of the urinary system are as follows:
	1.	� Regulate the chemical composition of the blood
	2.	� Eliminate many waste products
	3.	� Regulate fluid and electrolyte balance and volume
	4.	� Maintain the acid-base balance of the body 

Reproductive System
The reproductive system is made up of organs that produce, trans-
port, and store the germ cells (Fig. 1.7). The testes in the male and 
the ovaries in the female produce mature germ cells. Transport and 
storage organs of the male include the vas deferens, prostate gland, 
and penis. The organs of reproduction in the female are the ovaries, 
uterine (fallopian) tubes, uterus, and vagina (Fig. 1.7).

The function of the reproductive system is to reproduce the 
organism. 

Fig. 1.5  Respiratory system.

Fig. 1.6  Urinary system.

Male Female

Fig. 1.7  Reproductive system.
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Nervous System
The nervous system is composed of the brain, spinal cord, nerves, 
ganglia, and special sense organs such as the eyes and ears (Fig. 
1.8).

The function of the nervous system is to coordinate voluntary 
and involuntary body activities and transmit electrical impulses to 
various parts of the body and the brain. 

Muscular System
The muscular system (Fig. 1.9), which includes all muscle tissues 
of the body, is subdivided into three types of muscles: (1) skeletal, 
(2) smooth, and (3) cardiac.

Most of the muscle mass of the body is skeletal muscle, which 
is striated and under voluntary control. The voluntary muscles act 
in conjunction with the skeleton to allow body movement. About 
43% of the weight of the human body is accounted for by voluntary 
or striated skeletal muscle.

Smooth muscle, which is involuntary, is located in the walls of 
hollow internal organs such as blood vessels, the stomach, and 
intestines. These muscles are called involuntary because their con-
traction usually is not under voluntary or conscious control.

Cardiac muscle is found only in the walls of the heart and is 
involuntary but striated.

The three functions of muscle tissue are as follows:
	1.	� Allow movement, such as locomotion of the body or movement 

of substances through the alimentary canal
	2.	� Maintain posture
	3.	� Produce body heat 

Endocrine System
The endocrine system includes all the ductless glands of the body 
(Fig. 1.10). These glands include the testes, ovaries, pancreas, 
adrenals, thymus, thyroid, parathyroid, pineal, and pituitary. The 
placenta acts as a temporary endocrine gland.

Hormones, which are the secretions of the endocrine glands, 
are released directly into the bloodstream.

The function of the endocrine system is to regulate bodily activi-
ties through the various hormones carried by the cardiovascular 
system. 

Integumentary System
The tenth and final body system is the integumentary (in-teg″-u-
men′-tar-e) system, which is composed of the skin and all struc-
tures derived from the skin (Fig. 1.11). These derived structures 
include hair, nails, and sweat and oil glands.

The skin is an organ that is essential to life. The skin is the larg-
est organ of the body, covering a surface area of approximately 
3000 in2 (7620 cm2) and constituting 8% of total body mass in 
the average adult.

The five functions of the integumentary system are as follows:
	1.	� Regulate body temperature
	2.	� Protect the body, within limits, against microbial invasion and 

mechanical, chemical, and ultraviolet (UV) radiation damage
	3.	� Eliminate waste products through perspiration
	4.	� Receive certain stimuli such as temperature, pressure, and pain
	5.	� Synthesize certain vitamins and biochemicals such as vitamin D 

Fig. 1.8  Nervous system.
Fig. 1.9  Muscular system.

Fig. 1.10  Endocrine system.

Fig. 1.11  Integumentary system.
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Skeletal Anatomy
Because a large part of general diagnostic radiography involves 
examination of the bones and joints, osteology (os″-te-ol′-o-je) 
(the study of bones) and arthrology (ar-throl′-o-je) (the study of 
joints) are important subjects for the technologist.

OSTEOLOGY
The adult skeletal system is composed of 206 separate bones, 
which form the framework of the entire body. Certain cartilages, 
such as those at the ends of long bones, are included in the skeletal 
system. These bones and cartilages are united by ligaments and 
provide surfaces to which the muscles attach. Because muscles 
and bones must combine to allow body movement, these two 
systems sometimes are collectively referred to as the locomotor 
system.

The adult human skeleton is divided into the axial skeleton and 
the appendicular skeleton.

Axial Skeleton
The axial (ak′-se-al) skeleton includes all bones that lie on or near 
the central axis of the body (Table 1.1). The adult axial skeleton 
consists of 80 bones and includes the skull, vertebral column, ribs, 
and sternum (the dark-shaded regions of the body skeleton in Fig. 
1.12). 

TABLE 1.1 � ADULT AXIAL SKELETON
Skull Cranium 8

Facial bones 14

Hyoid 1

Auditory ossicles (3 small bones in 
each ear)

6

Vertebral column Cervical 7

Thoracic 12

Lumbar 5

Sacral 1

Coccyx 1

Thorax Sternum 1

Ribs 24

Total bones in adult axial skeleton 80

Fig. 1.12  Axial skeleton—80 bones.
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Appendicular Skeleton
The second division of the skeleton is the appendicular (ap″-en-
dik′-u-lar) portion. This division consists of all bones of the upper 
and lower limbs (extremities) and the shoulder and pelvic girdles 
(the dark-shaded regions in Fig. 1.13). The appendicular skeleton 
attaches to the axial skeleton. The adult appendicular skeleton 
comprises 126 separate bones (Table 1.2). 

Sesamoid Bones
A sesamoid bone is a special type of small, oval-shaped bone that 
is embedded in certain tendons (most often near joints). Although 
sesamoid bones are present even in a developing fetus, they are 
not counted as part of the normal axial or appendicular skeleton 
except for the two patellae, the largest sesamoid bones. The other 
most common sesamoid bones are located in the posterior foot at 
the base of the first toe (Figs. 1.14 and 1.15).

In the upper limb, sesamoid bones are found most commonly 
in tendons near the anterior (palmar) surface of the hand at the 
base of the thumb. Others may be found in tendons of other upper 
or lower limb joints.

Sesamoid bone may be fractured by trauma; sesamoid bones 
can be demonstrated radiographically or by computed tomography 
(CT). 

CLASSIFICATION OF BONES
Each of the 206 bones of the body can be classified according to 
shape as follows:
	•	 �Long bones
	•	 �Short bones
	•	 �Flat bones
	•	 �Irregular bones

Long Bones
Long bones consist of a body and two ends or extremities. Long 
bones are found only in the appendicular skeleton. (Fig. 1.16 is a 
radiograph of a humerus, a typical long bone of the upper arm.)

Fig. 1.13  Appendicular skeleton—126 bones.

TABLE 1.2 � ADULT APPENDICULAR SKELETON
Shoulder girdles Clavicles 2

Scapula (scapulae) 2

Upper limbs Humerus (humeri) 2

Ulna (ulnae) 2

Radius (radii) 2

Carpals 16

Metacarpals 10

Phalanges 28

Pelvic girdle Hip bones (innominate bones) 2

Lower limbs Femur (femora) 2

Tibia 2

Fibula (fibulae) 2

Patella (patellae) 2

Tarsals 14

Metatarsals 10

Phalanges 28

Total bones in adult appendicular skeleton 126

Entire number of separate bones in adult skeletona 206

aThis includes the two sesamoid bones anterior to the knees: the right and left patellae.

R

Fig. 1.14  Sesamoid bones 
on the posterior base of the 
first toe.

R

Fig. 1.15  Sesamoid bones. 
Tangential projection (base of first 
toe).

Extremity

Body

Extremity

Fig. 1.16  Long bone (humerus).
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Composition  The outer shell of most bones is composed of hard 
or dense bone tissue known as compact bone, or cortex, meaning 
an external layer. Compact bone has few intercellular empty spaces 
and serves to protect and support the entire bone.

The body (older term is shaft) contains a thicker layer of com-
pact bone than is found at the ends, to help resist the stress of the 
weight placed on them.

Inside the shell of compact bone and especially at both ends of 
each long bone is found spongy, or cancellous, bone. Cancellous 
bone is highly porous and usually contains red bone marrow, which 
is responsible for the production of red blood cells.

The body of a long bone is hollow. This hollow portion is known 
as the medullary (med′-u-lar″-e) cavity. In adults, the medullary 
cavity usually contains fatty yellow marrow. A dense fibrous mem-
brane, the periosteum (per″-e-os′-te-am), covers bone except at 
the articulating surfaces. The articulating surfaces are covered by a 
layer of hyaline cartilage (Fig. 1.17).

Hyaline (hi′-ah-lin), meaning glassy or clear, is a common type 
of cartilage or connecting tissue. Its name comes from the fact that 
it is not visible with ordinary staining techniques, and it appears 
“clear” or glassy in laboratory studies. It is present in many places, 
including within the covering over ends of bones, where it is called 
articular cartilage.

The periosteum is essential for bone growth, repair, and nutri-
tion. Bones are richly supplied with blood vessels that pass into 
them from the periosteum. Near the center of the body of long 
bones, a nutrient artery passes obliquely through the compact 
bone via a nutrient foramen into the medullary cavity. 

Short Bones
Short bones are roughly cuboidal and are found only in the wrists 
and ankles. Short bones consist mainly of cancellous tissue with a 
thin outer covering of compact bone. The eight carpal bones of 
each wrist (Fig. 1.18) and the seven tarsal bones of each foot are 
short bones. 

Flat Bones
Flat bones consist of two plates of compact bone with cancellous 
bone and bone marrow between them. Examples of flat bones are 
the bones that make up the calvaria (skull cap) (Fig. 1.19), ster-
num, ribs, and scapulae.

The narrow space between the two layers of compact bone of 
flat bones within the cranium is known as the diploe (dip′-lo-e). 
Flat bones provide protection for interior contents and broad sur-
faces for muscle attachment. 

Irregular Bones
Bones that have peculiar shapes are lumped into one final cate-
gory—irregular bones. Vertebrae (Fig. 1.20), facial bones, bones 
of the base of the cranium, and bones of the pelvis are examples 
of irregular bones. 

Articular (hyaline)
cartilage

Spongy or cancellous bone
(contains red marrow)

Periosteum

Medullary cavity

Nutrient artery

Nutrient foramen

Body

Compact bone

Fig. 1.17  Long bone.

L

Fig. 1.18  Short bones 
(carpals).

L

Fig. 1.19  Flat bones (calvaria).

Fig. 1.20  Irregular bone (vertebra).
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DEVELOPMENT OF BONES
The process by which bones form within the body is known as 
ossification (os″-i-fi-ka′-shun). The embryonic skeleton is com-
posed of fibrous membranes and hyaline cartilage. Ossification 
begins at about the sixth embryonic week and continues until 
adulthood.

Blood Cell Production
In adults, red blood cells (RBCs) are produced by the red bone 
marrow of certain flat and irregular bones such as the sternum, 
ribs, vertebrae, and pelvis, as well as the ends of the long bones. 

Bone Formation
Two types of bone formation are known. When bone replaces 
membranes, the ossification is called intramembranous (in″-trah-
mem′-brah-nus). When bone replaces cartilage, the result is endo-
chondral (en″-do-kon′-dral) (intracartilaginous) ossification.

Intramembranous Ossification  Intramembranous ossification 
occurs rapidly and takes place in bones that are needed for protec-
tion, such as sutures of the flat bones of the calvaria (skullcap), 
which are centers of growth in early bone development. 

Endochondral Ossification  Endochondral ossification, which is 
much slower than intramembranous ossification, occurs in most 
parts of the skeleton, especially in the long bones. 

Primary and Secondary Centers of Endochondral 
Ossification (Fig. 1.21)
The first center of ossification, which is called the primary center, 
occurs in the midbody area. This primary center of ossification in 
growing bones is called the diaphysis (di-af′-i-sis). This becomes 
the body in a fully developed bone.

Secondary centers of ossification appear near the ends of the 
limbs of long bones. Most secondary centers appear after birth, 
whereas most primary centers appear before birth. Each secondary 
center of ossification is called an epiphysis (e-pif′-i-sis). Epiphyses 
of the distal femur and the proximal tibia are the first to appear 
and may be present at birth in a term newborn. Cartilaginous plates, 
called epiphyseal plates, are found between the metaphysis and 
each epiphysis until skeletal growth is complete. The metaphysis 
is the wider portion of a long bone adjacent to the epiphyseal plate. 
The metaphysis is the area where bone growth in length occurs. 
Growth in the length of bones results from a longitudinal increase 
in these epiphyseal cartilaginous plates. This is followed by progres-
sive ossification through endochondral bone development until all 
the cartilage has been replaced by bone, at which time growth of 
the skeleton is complete. This process of epiphyseal fusion of the 
long bones occurs progressively from the age of puberty to full 
maturity, which is between the ages of 20 and 25 years.1 How-
ever, the time for each bone to complete growth varies for different 
regions of the body. On average, the female skeleton matures more 
quickly than the male skeleton. Also, geography, socioeconomic 
and genetic factors, and disease affect epiphyseal fusion.1

Fig. 1.22 shows a radiograph of the knee region of a 6-year-old 
child. Primary and secondary centers of endochondral ossification 
or bone growth are well demonstrated and labeled. 

Diaphysis
(body)

Secondary centers:
Metaphysis

Primary center:

Epiphyseal
plate

Epiphyses

Fig. 1.21  Endochondral ossification.

Diaphysis
(body or shaft)

Epiphyseal plate

Epiphyses

Metaphysis

Primary center:

Secondary centers:

Fig. 1.22  Knee region (6-year-old child).
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Arthrology (Joints)
The study of joints or articulations is called arthrology. It is impor-
tant to understand that movement does not occur in all joints. The 
first two types of joints to be described are immovable joints and 
only slightly movable joints, which are held together by several 
fibrous layers, or cartilage. These joints are adapted for growth 
rather than for movement.

CLASSIFICATION OF JOINTS
Functional
Joints may be classified according to their function in relation to 
their mobility or lack of mobility as follows:
	•	 �Synarthrosis (sin″-ar-thro′-sis)—immovable joint
	•	 �Amphiarthrosis (am″-fe-ar-thro′-sis)—joint with limited 

movement
	•	 �Diarthrosis (di″-ar-thro′-sis)—freely movable joint 

Structural
The primary classification system of joints, described in Gray’s 
Anatomy2 and used in this textbook, is a structural classification 
based on the three types of tissue that separate the ends of 
bones in the different joints. These three classifications by tissue 
type, along with their subclasses, are as follows:
	1.	� Fibrous (fi′-brus) joints
	 •	 �Syndesmosis (sin″-des-mo′-sis)
	 •	 �Suture (su′-tur)
	 •	 �Gomphosis (gom-fo′-sis)
	2.	� Cartilaginous (kar″-ti-laj′-i-nus) joints
	 •	 �Symphysis (sim′-fi-sis)
	 •	 �Synchondrosis (sin″-kon-dro′-sis)
	3.	� Synovial (si-no′-ve-al) joints 

Fibrous Joints
Fibrous joints lack a joint cavity. The adjoining bones, which are 
nearly in direct contact with each other, are held together by fibrous 
connective tissue. Three types of fibrous joints are syndesmoses, 
which are slightly movable; sutures, which are immovable; and 
gomphoses, a unique type of joint with only limited movement 
(Fig. 1.23).

Syndesmoses1  Syndesmoses are fibrous types of articulations that 
are held together by interosseous ligaments and slender fibrous 
cords that allow slight movement at these joints. Some earlier refer-
ences restricted the fibrous syndesmosis classification to the inferior 
tibiofibular joint. However, fibrous-type connections also may occur 
in other joints, such as the sacroiliac junction with its massive 
interosseous ligaments that in later life become almost totally 
fibrous articulations. The carpal and tarsal joints of the wrist and 
foot also include interosseous membranes that can be classified as 
syndesmosis-type joints that are only slightly movable, or 
amphiarthrodial. 

Sutures  Sutures are found only between bones in the skull. These 
bones make contact with one another along interlocking or serrated 
edges and are held together by layers of fibrous tissue, or sutural 
ligaments. Movement is limited at these articulations; in adults, 
these are considered immovable, or synarthrodial, joints.

Limited expansion- or compression-type movement at these 
sutures can occur in the infant skull (e.g., during the birth process). 
However, by adulthood, active bone deposition partially or com-
pletely obliterates these suture lines. 

Gomphoses  A gomphosis joint is the third unique type of fibrous 
joint, in which a conical process is inserted into a socket-like portion 
of bone. This joint or fibrous union—which, strictly speaking, does 
not occur between bones but between the roots of the teeth and 
the alveolar sockets of the mandible and the maxillae—is a special-
ized type of articulation that allows only limited movement. 

1. Syndesmosis–Amphiarthrodial (slightly movable)

3. Gomphosis–Amphiarthrodial (only limited movement)

Interosseous ligament

Distal tibiofibular joint

2. Suture–Synarthrodial (immovable)
Skull suture

Sutural ligament

Cross-sectional
view of suture

Suture

Roots of teeth

Fig. 1.23  Fibrous joints—three types.
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Cartilaginous Joints
Cartilaginous joints also lack a joint cavity, and the articulating bones 
are held together tightly by cartilage. Similar to fibrous joints, carti-
laginous joints allow little or no movement. These joints are synar-
throdial or amphiarthrodial and are held together by two types of 
cartilage: symphyses and synchondroses (Fig. 1.24).

Symphyses  The essential feature of a symphysis is the presence 
of a broad, flattened disk of fibrocartilage between two contigu-
ous bony surfaces. These fibrocartilage disks form relatively thick 
pads that are capable of being compressed or displaced, allowing 
some movement of these bones, which makes these joints amphi-
arthrodial (slightly movable).

Examples of such symphyses are the intervertebral disks 
(between bodies of the vertebrae), between the manubrium 
(upper portion) and body of the sternum, and the symphysis pubis 
(between the two pubic bones of the pelvis). 

Synchondroses  A typical synchondrosis is a temporary form of 
joint wherein the connecting hyaline cartilage (which on long 
bones is called an epiphyseal plate) is converted into bone at 
adulthood. These temporary types of growth joints are considered 
synarthrodial or immovable.

Examples of such joints are the epiphyseal plates between the 
epiphyses and the metaphysis of long bones and at the three-part 
union of the pelvis, which forms a cup-shaped acetabulum for the 
hip joint. 

Synovial Joints
Synovial joints are freely movable joints, most often found in the 
upper and lower limbs, which are characterized by a fibrous cap-
sule that contains synovial fluid (Fig. 1.25). The ends of the 
bones that make up a synovial joint may make contact but are 
completely separate and contain a joint space or cavity, which 
allows for a wide range of movement at these joints. Synovial joints 
are generally diarthrodial, or freely movable. (Exceptions include 
the sacroiliac joints of the pelvis, which are amphiarthrodial, or 
slightly movable.)

The exposed ends of these bones contain thin protective cover-
ings of articular cartilage. The joint cavity, which contains a vis-
cous lubricating synovial fluid, is enclosed and surrounded by a 
fibrous capsule that is reinforced by strengthening accessory liga-
ments. These ligaments limit motion in undesirable directions. The 
inner surface of this fibrous capsule is thought to secrete the 
lubricating synovial fluid.

Movement Types of Synovial Joints  There are a considerable 
number and variety of synovial joints, and they are grouped accord-
ing to the seven types of movement that they permit. These are 
listed in order from the least to the greatest permitted 
movement.
NOTE: The preferred name is listed first, followed by a synonym in paren-
theses. (This practice is followed throughout this textbook.)

Plane (gliding) joints  This type of synovial joint permits the least 
movement, which, as the name implies, is a sliding or gliding 
motion between the articulating surfaces.

Examples of plane joints are the intermetacarpal, carpometa-
carpal, and intercarpal joints of the hand and wrist (Fig. 1.26). The 
right and left lateral atlantoaxial joints between C1 and C2 verte-
brae are also classified as plane, or gliding, joints; they permit some 
rotational movement between these vertebrae, as is described in 
Chapter 8. 

Vertebral body

Intervertebral joint
(fibrocartilage)

Symphysis pubis
(fibrocartilage)

Epiphyses
Cartilage
(epiphyseal plates)

1. Symphyses
Amphiarthrodial (slightly movable)

2. Synchondroses 
Synarthrodial (immovable)

Fig. 1.24  Cartilaginous joints—two types.

Accessory
ligaments

Fibrous
capsule

Hyaline articular
cartilage

Joint cavity (contains
synovial fluid)

Fig. 1.25  Synovial joints—diarthrodial (freely movable).

Carpometacarpal

Intermetacarpal

Intercarpal

Fig. 1.26  Plane (gliding) joints.
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Ginglymus (hinge) joints  The articular surfaces of ginglymi, or 
ginglymus (jin′-gli-mus) joints, are molded to each other in such a 
way that they permit flexion and extension movements only. The 
articular fibrous capsule on this type of joint is thin on surfaces 
where bending takes place, but strong collateral ligaments firmly 
secure the bones at the lateral margins of the fibrous capsule.

Examples of ginglymi include the interphalangeal joints of 
fingers and toes and the elbow joint (Fig. 1.27). 

Pivot (trochoid) joints  The pivot or trochoid (tro′-koid) joint is 
formed by a bony, pivot-like process that is surrounded by a ring 
of ligaments or a bony structure, or both. This type of joint allows 
rotational movement around a single axis.

Examples of pivot joints are the proximal and distal radioulnar 
joints of the forearm, which demonstrate this pivot movement 
during rotation of the hand and wrist.

Another example is the joint between the first and second 
cervical vertebrae. The odontoid process (dens) of the axis (C2) 
forms the pivot, and the anterior arch of the atlas (C1), combined 
with ligaments, forms the ring (Fig. 1.28). 

Ellipsoid (condylar) joints  In the ellipsoid (e-lip′-soid) joint, move-
ment occurs primarily in one plane and is combined with a slight 
degree of rotation at an axis at right angles to the primary plane of 
movement. The rotational movement is limited by associated liga-
ments and tendons.

This type of joint allows primarily four directional movements: 
flexion and extension and abduction and adduction. Circum-
duction movement also occurs; this results from conelike sequen-
tial movements of flexion, abduction, extension, and adduction.

Examples of ellipsoidal joints include the metacarpophalangeal 
joints of the fingers, the radiocarpal (wrist joint), and the metatar-
sophalangeal joints of the toes (Fig. 1.29). 

Saddle (sellar) joints  The term saddle, or sellar (sel′-ar), describes 
this joint structure well in that the ends of the bones are shaped 
concave-convex and are positioned opposite each other (Fig. 1.30). 
(Two saddle-like structures fit into each other.)

Movements of this biaxial type of saddle joint are the same as 
for ellipsoidal joints—flexion, extension, adduction, abduction, 
and circumduction.

The best example of a true saddle joint is the first carpometa-
carpal joint of the thumb. Other sellar joints include the ankle and 
the calcaneocuboid joints. Although the ankle joint was classified 
as a ginglymus in earlier references, current references classify it as 
a saddle joint.2 

Elbow joint

Interphalangeal
joints (fingers)

Fig. 1.27  Ginglymus (hinge) joints.

Proximal and distal
radioulnar joints

C1-2 joint

Fig. 1.28  Pivot (trochoid) joints.

Metacarpophalangeal
joints (1st to 5th)

Wrist joint

Fig. 1.29  Ellipsoid (condylar) joints.

1st carpometacarpal
joint (thumb)

Fig. 1.30  Saddle (sellar) joints.



Chapter  1    Terminology, Positioning, and Imaging Principles

1

14

Ball-and-socket (spheroidal) joints  The ball-and-socket or sphe-
roidal (sfe′-roid-el) joint allows for the greatest freedom of motion. 
The distal bone (humerus) that makes up the joint is capable of 
motion around an almost indefinite number of axes, with one com-
mon center.

The greater the depth of the socket, the more limited is the 
movement. However, the deeper joint is stronger and more stable. 
For example, the hip joint is a much stronger and more stable joint 
than the shoulder joint, but the range of movement is more limited 
in the hip.

Movements of ball-and-socket joints include flexion, extension, 
abduction, adduction, circumduction, and medial and lateral 
rotation.

Two examples of ball-and-socket joints are the hip joint and the 
shoulder joint (Fig. 1.31). 

Bicondylar joints2  Bicondylar joints usually provide movement in 
a single axis, such as flexion and extension. They can permit limited 
rotation. Bicondylar joints are formed by two convex condyles, 
which may be encased by a fibrous capsule.

Two examples of bicondylar joints are the knee (formerly clas-
sified as ginglymus) and the temporomandibular joint (TMJ) (Fig. 
1.32).

See Table 1.3 for a summary of joint classification. 

Hip joint Shoulder joint

Fig. 1.31  Ball-and-socket (spheroidal) joints.

TMJ

Knee

Fig. 1.32  Bicondylar joints.

TABLE 1.3 � SUMMARY OF JOINT CLASSIFICATION

JOINT CLASSIFICATION MOBILITY CLASSIFICATION MOVEMENT TYPES MOVEMENT DESCRIPTION EXAMPLES

Fibrous Joints
Syndesmoses Amphiarthrodial (slightly 

movable)
— — Distal tibiofibular, sacroiliac, carpal, and 

tarsal joints

Sutures Synarthrodial (immovable) — — Skull sutures

Gomphoses Very limited movement — — Areas around roots of teeth

Cartilaginous Joints
Symphyses Amphiarthrodial (slightly 

movable)
— — Intervertebral disks

Symphysis pubis

Synchondroses Synarthrodial (immovable) — — Epiphyseal plates of long bones and 
between the three parts of the pelvis

Synovial joints Diarthrodial (freely 
movable) except for 
the sacroiliac joints 
(synovial joints with 
only very limited motion 
[amphiarthrodial])

Plane (gliding) Sliding or gliding Intermetacarpal, intercarpal, and 
carpometacarpal joints, C1 on C2 vertebrae

Ginglymi (hinge) Flexion and extension Interphalangeal joints of fingers, toes, and 
elbow joints

Pivot (trochoid) Rotational Proximal and distal radioulnar and between 
C1 and C2 vertebrae (atlantoaxial joint)

Ellipsoid (condylar) Flexion and extension
Abduction and adduction
Circumduction

Metacarpophalangeal and wrist joints

Saddle (sellar) Flexion and extension
Abduction and adduction
Circumduction

First carpometacarpal joint (thumb), ankle, 
and calcaneocuboid joints

Ball and socket 
(spheroidal)

Flexion and extension
Abduction and adduction
Circumduction
Medial and lateral rotation

Hip and shoulder joints

Bicondylar Movement primarily along 
one axis with some limited 
rotation

Knee and temporomandibular joints

NOTE: Arthrology is the study of joints. The nomenclature for joints described in this chapter will be used in subsequent chapters throughout the text.
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Body Habitus
Body habitus is generally defined as the build, physique, and gen-
eral shape of the human body. The size, dimensions, and shape 
of the patient’s body affect the positioning of specific regions of 
the body such as the respiratory, gastrointestinal, and biliary 
systems.

Body habitus is classified into four general body styles:
	1.	� Sthenic: Approximately 50% of the population falls into this 

category. For the purpose of radiographic positioning, sthenic 
body styles are considered average in shape and internal organ 
location (Fig. 1.33).

	2.	� Hyposthenic: A body style that is slenderer than the sthenic 
body habitus. Approximately 35% of the population is classified 
as hyposthenic (Fig. 1.34).

	3.	� Hypersthenic: A body style that has a broad frame as compared 
with the sthenic body habitus. Approximately 5% of the popula-
tion is classified as hypersthenic (Fig. 1.35).

	4.	� Asthenic: Approximately 10% of the population is thin or 
slender with a long and narrow body build. Slighter in stature 
than the hyposthenic patient.

BARIATRIC PATIENT (OBESITY)
Obesity is defined as “abnormal or excessive fat accumulation that 
may impair health” and has nearly tripled since 1975 worldwide 
(Fig. 1.36). In 2016, 650 million adults (18 years or older) were 
obese. In 2020, 39 million children younger than the age of 5 were 
overweight or obese.3

The term obesity is referred to in this text as the “bariatric 
patient.” Bariatrics is a specialty in medicine that deals with the study 
and treatment of obesity. One frequent definition of bariatrics is the 
medical service and treatment provided to the obese patient. Even 
though it has not been considered a body habitus, the bariatric 
patient brings new challenges to radiographic procedures and 
image quality evaluation. Fig. 1.37 shows lateral radiographs com-
paring average with obese patients.

Fig. 1.33  Sthenic body habitus.

Fig. 1.34  Hyposthenic body habitus.

Fig. 1.35  Hypersthenic body habitus.

Fig. 1.36  Bariatric patient (patient with morbid obesity). (iStock/
Stocker Things. ID: 1395280044 and 1395814831.)
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A B C D

Fig. 1.37  Standing lateral radiographs comparing obese and normal patients are shown. (a) Standing alignment of a patient with normal BMI. (b) 
Standing alignment of a patient with obese BMI. (c) Sitting alignment of a patient with average BMI. (d) Sitting alignment of a patient with obese 
BMI. (From Buckland AJ, Burapachaisri A, Stekas N, Vasquez-Montes D, Protopsaltis T, Vigdorchik J, et al: Obesity alters spinopelvic alignment 
changes from standing to relaxed sitting: the influence of the soft-tissue envelope. Arthroplasty Today 6[3]:590–595.e1, 2020.)
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Contrast media (Continued)
side effects, 551
water-soluble, 735

for knee arthrography, 728
for MRI, 799–800
myelographic, 737–738
preparation of, 516, 551, 551f
reactions to, 552–554, 552f

local, 552–553
mild, 553, 553f, 553t
moderate, 553, 553t
severe, 553, 554t
systemic, 553–554

selection of, 551, 551f
for shoulder arthrography, 731
single contrast, 657, 657f
for small bowel series, 509
for T-tube cholangiography, 732
for upper GI series, 473–474
urography and, 550–551
water-soluble, 515

Contrast medium-filled structures, 703
Contrast resolution, 790

CT, 704
in digital imaging, 49–50, 49f

high contrast, 49, 50f
low contrast, 49, 50f

Contrast weighting, 800
Contrecoup fracture, 414
Control cart, 609
Contusion, 577
Conus medullaris, 300, 707, 707f
Cooperation, age of, 628
Cooper ligaments, 764
COPD. See Chronic obstructive pulmonary disease
Coracoid process, 178
Corner fracture, 633, 633f
Cornua, 335
Coronal images, 19, 19f
Coronal plane, 19, 216, 698, 808
Coronal section, 19
Coronary arteries, 664, 664f
Coronary artery disease, 752, 752f
Coronary CT angiography, 723, 723f
Coronary veins, 664, 664f
Coronoid fossa, 129
Coronoid process, 128, 402

trauma radiography positioning, 591f
Coronoid tubercle, 128, 130f
Corpus callosum, 708f, 709, 713
Cortical screw, 625
Costal cartilage, 367, 367f
Costal groove, 367
Costal joints, 303
Costochondral junctions, 368
Costochondral unions, 368
Costophrenic angle, 74
Costotransverse joints, 306, 306f, 368, 368f
Costovertebral joints, 306, 306f, 368
Count, 749
CR. See Central ray
Cranial bones, 386, 393, 393f, 404
Cranial CT, 422, 702f, 707
Cranial nerves, 713, 713f, 713t

mnemonics for, 713
Cranial positioning lines, 417, 417f
Cranial radiography

erect position, 418, 420, 420f
exposure factors, 418
geriatric, 421
hygiene during, 418
patient comfort during, 418
positioning considerations, 415–419
positioning errors, 419, 419f
projections, 422

AP 15° (reverse Caldwell), 602, 602f
AP 30° axial (Towne), 603, 603f
AP axial, 393, 393f
Caldwell method, 393, 393f
lateral, 393, 393f

recumbent position, 418
supine position, 420, 420f
in trauma, 601, 601f

Cranial sonography, 422
Cranial venous system, 668, 668f
Craniocaudad diameter, 763
Craniocaudal (CC) projections, 775–780, 775f–776f
Craniostenosis, 637
Cranium, 9, 707–708, 707f

adult, 392, 392f
body planes, 416, 416f
bone scan, 422
clinical indications, 412, 413t
infant, 392, 392f
joints of, 392
midsagittal plane (MSP), 416, 416f
sagittal view of, 391, 391f
surface landmarks, 416–417, 416f

Creatinine, 551
Cribriform plate, 391, 401
Cricoid cartilage, 70
Crista galli, 391, 401
Crohn’s disease, 112, 506–507, 507f
Crosswise alignment, 53–54, 54f
Croup, 99f, 636
Cruciate ligaments, 221
Cryogen, 807
Cryogens, 793
CSF. See Cerebrospinal fluid
CST. See Certified surgical technologist
CT. See Computed tomography
Cuboid, 215, 215f, 215b
Cumulative total dose, 64
Cuneiforms, 215, 215f, 215b
Curie (Ci), 749
Cyclotron, 749, 751, 751f
Cystic duct, 459, 459f–460f, 732f
Cystic fibrosis, 86, 636
Cystitis, 556
Cystoscope, 625
Cysts

Baker, 729
bone, 226
breast, 774

D
Danelius-Miller method, 292

in trauma, 598, 598f
DAP. See Dose area product
Date markers, 34, 34f
Daughter, 749
DBT. See Digital breast tomosynthesis
DDH. See Developmental dysplasia of the hip
Decay, 749
Decubitus (decub) position, 24
Decubitus (decub) projections, 38, 38f
Deep location, 27, 27f
Defecation, 505
Defecography, 520, 520f–521f
Degenerative disorders, CT and, 717
Degenerative joint disease (DJD), 136, 279

lower limb, 226
upper limb, 184

Deglutition, 464
DEI. See Detector Exposure Index
Delayed cholangiography, 732
Delayed radiographs, 510
Deltoid tuberosity, 176
Dementia, 753, 753f
Demifacets, 306, 306f
Dens, 305, 305f

AP projection of, (Fuchs method), 325, 325f, 
325b

PA projection of (Judd method), 325, 325f, 
325b

Densitometry
central, 784
peripheral, 784

Density, 724
Depressed fractures, 412, 580
Depression, 31, 31f
Descending aorta, 73, 75, 669
Descending colon, 103, 502, 502f
Descending duodenum, 459f, 468
Destruction of tissue, 754

Detective quantum efficiency (DQE), 50
Detector arrays, 701
Detector Exposure Index (DEI), 41
Developmental dysplasia of the hip (DDH), 279, 

637
Deviation Index (DI), 41
Deviation, of wrist, 28, 28f
DI. See Deviation Index
Diagnostic medical sonography (DMS), 183

of urinary system, 565
Diaphragm, 69, 102, 102f, 663, 663f
Diaphragmatic openings, 465
Diaphysis, 10, 631
Diarthrodial joints, 12, 131, 180, 223, 274
DICOM (Digital Imaging and Communications in 

Medicine), 56
Diffusion tensor imaging (DTI), 805, 805f
Diffusion-weighted imaging (DWI), 804–805, 

805f
Digestion, 469–470, 505, 505t

by-products, 469
chemical, 469, 469b
mechanical, 469

Digestive system, 4, 4f, 102–104, 102f, 462, 462f
accessory organs, 104, 104f, 462, 462f
functions of, 4, 462, 470b
movements of, 505, 505t
radiographic anatomy of, 500, 500f

Digital archive, 56
Digital breast tomosynthesis (DBT), 773, 773f
Digital exposure latitude, 51, 51f
Digital fluoroscopy, 518

C-arm-guided operative cholangiography, 616, 
616f

C-arm units, 608–610, 608f
lower GI, 518
mobile systems, 608–610, 608f

Digital imaging, 225
of bony thorax, 372
of cervical spine, 314
characteristics, 49, 49f
of coccyx, 342–343
considerations, 55
equipment, 52
of hip joint, 278
immobilization devices for, 629f
lower GI, 523
of lumbar spine, 342–343
mobile, 581
of pelvis, 278
postprocessing, 55
of sacrum, 342–343
signal, 51–54, 51f
of thoracic spine, 314

Digital Imaging and Communications in Medicine 
(DICOM) standards, 56, 701

Digital imaging systems, 34, 34f, 63
with grids, 135
optimum speed, 63
ultrasound systems, 757

Digital mammography, 765, 765f, 768–770
advantages of, 768–770
comparison with analog (film-screen), 769
full-field, 773

Digital mammography units, 768f
Digital mammography workstations, 769
Digital radiography (DR), 52

available IR sizes, 53t
computed radiography vs., 53
direct system, 53
imaging system, 53
indirect system, 53

Digital radiography-fluoroscopy, 475–476, 475f
image enhancement and manipulation, 476, 

476f
multiple frame formatting, 476, 476f
postfluoroscopy “overhead” images, 475

Digital subtraction angiography, 679, 679f
carotid, 679f

Digital tomosynthesis, 743, 743f
Diploe, 9
Disintegration (nuclear), 749
Dislocation, 576, 576f
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Display monitors, 609
Distal convoluted tubules, 541
Distal direction, 27, 27f
Distal extremity, 218
Distal femur

anterior view of, 219
axial view of, 220, 220f
lateral view of, 220, 220f
posterior view of, 219

Distal humerus, 129
Distal interphalangeal (DIP) joints, 27, 125, 213
Distal lower limb, 212–223
Distal phalanx, 212
Distal radioulnar joint, 13, 131
Distal tibial joint surface, 216
Distal tibiofibular joint, 223, 223b
Distance, 612
Distortion, 40, 46

in analog imaging, 46–50, 48t
controlling factors, 46–48
factors affecting, 48, 48t

Distraction, 577, 577f
Diuretic, 554
Diverticulitis, 513
Diverticulosis, 513, 513f
Diverticulum, 513

Meckel, 508, 508f
DJD. See Degenerative joint disease
Dolichocephalic skull, 415, 415f
Door security, 797
Doppler ultrasound, 757

color studies, 758, 759f
Dorsal decubitus position, 24, 24f
Dorsalis pedis artery, 672
Dorsal recumbent position, 22
Dorsal spine, 300
Dorsal surface, 20, 26
Dorsal venous arch, 546f
Dorsiflexion

of ankle, 29, 223
of wrist, 28, 28f

Dorsoplantar (DP) projection, 26, 26f, 223, 232, 
232f, 232b

Dorsum pedis, 223
Dorsum sellae, 390
Dose, 749

absorbed, 57
cumulative total, 64
effective, 57, 60, 60t
equivalent, 57
exit dose, 59, 59f
fluoroscopic patient, 64, 64t
radiographic patient dose, 59–60, 59f, 59t–60t
tissue, 61

Dose area product (DAP), 64–66
Dose limits, 57–60, 57t

for minors, 58
Dose reduction techniques, 65
Dosimetry

personal reports, 612
personnel dosimeters, 58, 58f

Double-contrast small bowel series, 509b, 
510–511

Double contrast upper GI series, 474, 474f
Double plane joints, 180
Draping, C-arm, 613, 613f
Drinking barium, 656, 656f
Drip infusion, 545, 545f
Drum crest, 394
Dry cool magnet, 807
DTI. See Diffusion tensor imaging
Dual energy CT, 700, 700f
Dual energy imaging, 700
Dual-energy x-ray absorptiometry (DXA), 784

accuracy of, 787
of forearm, 786–787, 787f
of hip, 786, 786f
peripheral, 784
positioning for, 786–787
precision, 787
of proximal femur, 786
of spine, 786, 786f

Dual source CT, 700, 700f

Dual source imaging, 700
Ductal carcinoma in situ, 773
Duct of Wirsung, 459, 459f, 732f
Ductus deferens, 543, 543f
Duodenal bulb or cap, 103, 468, 468f
Duodenal papilla, 459, 459f
Duodenal ulcer, 485
Duodenoscope, 733, 733f
Duodenum, 103, 468, 468f, 501, 732f

anatomy review, 468
four parts of, 468, 468f
functions of, 505t
radiographic anatomy of, 501, 501f
radiograph of, 468, 468f

Dural venous sinuses, 668, 668f
Dura mater, 707–708, 707f
Dura mater sinuses, 707–708
DWI. See Diffusion-weighted imaging
DXA. See Dual-energy x-ray absorptiometry
Dynamic bowel obstruction, 112
Dynamic compression plate, 625
Dynamic susceptibility contrast perfusion, 805, 

806t
Dysphagia, 479, 480t
Dyspnea, 86

E
EAM. See External acoustic meatus
Eardrum, 394
Ear, positioning landmarks, 416, 416f
Echocardiography, 84, 757

transesophageal, 759
Echo planar imaging (EPI), 800–801
Echosonography, 756
Echo time (TE), 807
Ectopic kidney, 556
ED. See Effective dose
Edema

angioedema, 554
pulmonary, 87

Edge enhancement, 55
EFAST. See Extended focused assessment with 

sonography for trauma
Effective dose (ED), 57, 60, 60t
Efferent arterioles, 541, 541f
Ejaculatory ducts, 543, 543f
Eklund method, 772, 780, 780f
Elbow, 13

anatomy of, 131, 131f
classification of, 131t
fat pads, 133
jerked, 577
joint, 133
lateral, 129, 129f–130f, 132f
medial rotation, 132, 132f
nursemaid, 577
true lateral, 129, 129f

Elbow radiography
AP projections

with elbow in acute flexion, 165, 165f, 165b
with elbow in full extension, 163, 163f, 163b
with elbow in lateral (external) rotation, 166, 

166f–167f, 167b
with elbow in medial (internal) rotation, 168, 

168f, 168b
with elbow partially flexed, 164, 164f, 164b
radial head laterals, 170f–171f, 171, 171b

lateromedial projections, 169, 169f, 169b
with no rotation, 132, 132f
rotational movements, 131
sample radiographs for critique, 171b, 172f–

174f, 172
trauma radiography

axial laterals (Coyle method), 170, 170f, 
170b

positioning for, 591f
Electrocardiography (ECG), 723
Electromechanical implants, 797
Electron capture, 749
Electronic noise, 51
Elevation, 31, 31f
Elimination, 505

Ellipsoid (condylar) joints, 13, 13f, 131
Embolization, 688–689

chemoembolization, 689, 689f
examples of, 689, 689f
intracranial endovascular coil, 689
risks and complications of, 689
uterine fibroid, 688, 688f

Emergency response cart, 552
Emesis, 483
Eminences, 388
Emphysema, 86
Empyema, 86
Encephalitis, 395
Enchondroma, 137, 226
Endochondral ossification, 10, 10f

centers of, 10
Endocrine glands, 712
Endocrine system, 6, 6f
Endolymphatic duct, 396
Endometrium, 734
Endoscopic retrograde cholangiopancreatography 

(ERCP), 733, 733f
accessory equipment for, 733
clinical indications for, 733
contraindications to, 733
contrast media for, 733
imaging equipment for, 733
injection process, 733
patient preparation for, 733
purpose of, 733

Endoscopy, 733
CT (virtual), 720–721, 720f

Enema, small bowel, 511
Enema tips, 515, 515f

insertion of, 517, 517f, 517b
Engorgement, 79
Ensiform process, 312
Enteritis, 506

gastroenteritis, 506
regional, 112, 506–507
segmental, 506–507

Enteroclysis, 508, 509b, 510, 510f
CT, 511, 511f, 523
indications for, 510

Enterocolitis, necrotizing, 638
Enterography, 721, 721f
Entrance skin exposure, 59
Enzyme, 469
Epicondyles, 129, 220
Epidural space, 707f, 708
Epiglottis, 69, 463
Epiglottitis, 86, 636
Epilepsy, 753
Epinephrine, 552, 552f
Epiphyseal fracture, 580
Epiphyseal plates, 10, 12
Epiphysis (epiphyses), 10
Epithelial tissues, 3
Epitympanic recess, 394–395
Equalization, 55
Equilibrium, 396, 749

anatomy of organs of, 394–397
Equipment

cleaning, 608
digital imaging, 52
mobile, 580–581
portable units, 580, 580f
in sterile field, 613–614
for surgical radiography imaging, 608–610

Equivalent dose (Sv/rem), 57
ERCP. See Endoscopic retrograde cholangiopan-

creatography
Erect lateral position scapula projections, 207, 

207f, 207b
Erect left posterior oblique position, 23, 23f
Erect markers, 34, 34f
Erector spinae muscles, 539, 539f
Erect position, 22, 404
Erect right anterior oblique position, 23, 23f
Erect right lateral position, 23, 23f
ERT. See Estrogen replacement therapy
Erythrocytes, 662
Esophageal reflux, demonstration, 482
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Esophageal varices, 479, 479f, 480t
Esophagogastric junction, 466, 466f
Esophagography, 462

AP (PA) projection, 492, 492f, 492b
AP projections, 498, 498f, 498b
clinical indications for, 478–482
contraindications, 478
definition and purpose, 478
LAO position, 493, 493f, 493b
lateral position, 491, 491f, 491b
LPO position, 497, 497f, 497b
PA projection, 495–496, 495f, 495b
patient and room preparation for, 481, 481f
procedure, 478
RAO position, 490, 490f, 490b, 494, 494f, 494b
right lateral position, 496, 496f, 496b

Esophagus, 69–70, 73, 75, 102
abdominal segment, 465
anatomic anomalies, 478, 480t
Barrett, 478, 478f, 480t
carcinoma of, 478, 478f, 480t
Foreign bodies, 479, 479f
lateral view, 464f
radiographic anatomy of, 462, 464f–466f, 465

Estrogen replacement therapy (ERT), 783
ESWL. See Extracorporeal shock wave lithotripsy
Ethics, professional, 35
Ethmoid, 401
Ethmoidal notch, 387
Ethmoid bones, 391, 391f, 408
Ethmoid bulla, 405
Ethmoid sinuses, 404–405, 405f
EU. See Excretory urography
Eustachian tube, 394–395, 395f
Evacuative proctography, 520, 521b

contrast media, 520
contrast media applicator, 520
definition and purpose of, 520
equipment for, 520, 520f
geriatric, 523
indications for, 520
positioning for, 521, 521f
procedure, 520–521

Evaluation criteria, 33, 33f
example of, 33, 33f
format for, 33

Evenity (Romosozumab), 784
Eversion, 29, 29f, 223
Ewing sarcoma, 137, 226
Exaggerated craniocaudal (XCCL) projection, 779, 

779f
Excretory urography (EU), 105, 554–555

alternatives to routine examination, 561, 561f
AP projection

postvoid, 569, 569f, 569b
scout and series, 566–573, 566f, 566b
ureteric compression, 567, 570, 570f, 570b

clinical indications, 555–560, 555t
equipment and supplies for, 559, 559f
nephrotomography and nephrography, 567, 

567f, 567b
patient preparation for, 559
pregnancy precautions for, 559
routine, 560, 560b
RPO and LPO positions, 568, 568f, 568b
scout image and injection for, 560, 560f

Exit dose, 59, 59f
Exostosis, 226
Expiration, 76, 76f
Expiration chest, 78, 78f
Expiration (EXP) markers, 34, 34f
Exposure, 57
Exposure factors, 523

for geriatric patients, 371–372
in mobile imaging, 581
in radiographic quality, 40

Exposure Index (EI, EXI), 41
Exposure indicator (EI), 41–42, 42f, 42t

values, 42–43
Exposure indicators

evaluation of, 54, 135
post-processing, 84, 183, 225, 343

post-processing, 278, 581

Exposure latitude, 42, 42f–43f, 42t
Exposure levels, 66t
Exposure time (ms), in chest radiography, 77
Extended focused assessment with sonography for 

trauma (EFAST), 758
Extension, 28–31, 28f, 274
Exterior location, 27
External acoustic meatus (EAM), 389, 417
External beam irradiation, 754–755, 754f
External carotid artery, 665

branches of, 666
External ear, 394, 394f
External fixation, 619
External fixation devices, 619, 619f
External jugular veins, 668
External location, 27
External (EXT) markers, 34
External os, 734
External rotation, 29
Extracorporeal shock wave lithotripsy (ESWL), 625
Extravasation, 552
Eye

foreign body of, 414
positioning landmarks, 416, 416f

Eyewear, protective, 615
EZ-HD, 520

F
Facial bone, 404
Facial bone radiography

alternative modalities, 422
in bariatric patient, 421
erect position, 418
exposure factors, 418, 421
geriatric, 421
horizontal beam lateral, 604, 604f
hygiene during, 418
lateral position, 429, 429f
patient comfort during, 418
pediatric, 421
positioning errors, 419, 419f
projections, 422

acanthioparietal (reverse Waters), 605, 605f
lateral, 455, 455f
modified acanthioparietal, 605, 605f
modified PA, 421f
modified parietoacanthial (modified Waters 

method), 432, 432f
PA axial (Caldwell method), 431, 431f
parietoacanthial (Waters method), 430, 430f, 

455, 455f
special, 422

radiographs for critique, 455, 455f
recumbent position, 418
supine position, 420, 420f
in trauma, 604, 604f

Facial bones, 9, 386, 398–403, 398f
anatomic relationships, 420
clinical indications, 414, 414t
CT reconstruction of, 422
inferior view of, 411, 411f
lateral of, 410, 410f
parietoacanthial projection, 410, 410f
PA skull projection, 420, 420f
SMV, 411, 411f

Fallopian tubes, 734
Falx cerebri, 707–708, 707f, 713
Fan lateral projections, 148f
Fast field echo (FSE), 800
Fat, 703
Fat bands, 133
Fatigue fracture, 580
Fat pads, 133

elbow joint, 133
infrapatellar, 221

Fat stripe, 133
pronator, 133, 133f
scaphoid, 133, 133f
supinator, 133, 133f

Fatty breast, 766, 766f
Fatty tissue, 763
Fecaluria, 554

Female breasts projections, 7
Female clavicle, 177
Female infertility assessment, 735
Female pelvic organs, 543, 543f
Female pelvis, radiographs of, 272
Female peritoneal enclosure, 107
Female reproductive organs, 543, 543f, 734, 734f
Female reproductive tract imaging, digital fluoros-

copy, 736
Female shielding

gonadal, 64, 64f
gonadal shielding, 110, 110f
guidelines for, 277
ovarian shields, 277

Femoral head, 275, 275f
Femoral neck, 275, 275f
Femoral neck fractures, 620, 620f
Femorotibial joint, 220, 223b
Femur, 220

anterior view of, 219, 219f
AP projection of, 280–295, 280f, 280b, 596f
axial view of, 220
CT of, 278
digital imaging of, 278
joints of, 274
lateral-mediolateral projections of, 281, 281f–

282f, 281b–282b
lateral projection of, 596f
lateral recumbent projection of, 281, 281f
lateral view of, 220, 220f
MRI of, 278
posterior view of, 219, 219f
radiographic anatomy, 268
radiographic positioning, 275
trauma AP projection of, 596f
trauma lateral projection of, 596f
trauma lateromedial projection of, 281, 281f

Ferguson method, 354, 354f, 354b
Fetal ultrasound

M-mode, 757
3D, 757

Fibroadenoma, 774
Fibrocystic changes, 774
Fibrofatty, 766
Fibrofatty breast, 766, 766f
Fibroglandular, 766
Fibroglandular breast, 766, 766f
Fibrous adhesions, 112
Fibrous capsule, 12
Fibrous joints, 11, 11f, 392, 392f, 403
Fibula, 216

AP projections of, 222, 222f, 245, 245f, 245b–
246b

lateral projections of, 222, 222f
mediolateral projections, 246, 246f, 246b
radiographic anatomy of, 218–220, 218f

Fibular collateral ligament, 220
Fibular notch, 218, 218f
Fibular sesamoid, 213
Field sizes

in analog imaging, 53t
collimation, 53–54

crosswise, 53–54, 54f
landscape, 53–54
portrait, 53–54

in computed radiography, 53t
in digital imaging, 53t

Fifth metatarsal, base of, 212
Filters, compensating, 278
Filtration, 60–61, 60f
Fingers, 125

lateromedial or mediolateral projections, 140, 
140f, 140b

PA oblique projection-medial or lateral rotation, 
139, 139f, 139b

PA projection, 138–171, 138f, 138b
phalanges of, 124
trauma radiography, 590f

First metacarpophalangeal (MCP) joint, 125
First metatarsal, head of, 213
Fisk modification, 197, 197f, 197b
Fissures, 709
5-Gauss line, 797–798, 807
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Fixation
external, 619
internal, 619
intramedullary, 619

Flail chest, 373
Flat bones, 9, 9f
Flat-panel detector with thin-film transistor (FPD-

TFT) system, 52–53
cassette-based, 53, 53f
cassette-less, 53, 53f

Flatus, 505
Flexion, 28–31, 28f, 274

of spine, 28, 28f
of wrist, 28, 28f

Flip angle, 807
Fluorodeoxyglucose (18F-FDG)

brain studies with
evaluation of dementia, 753, 753f
in infantile spasms, 753, 753f
tumor imaging, 753, 753f

perfusion cardiac imaging with, 752, 752f
tumor imaging with, 753, 753f

Fluoroscopic patient dose, 64, 64t
Fluoroscopy

barium enema, 517, 517f
CT, 723
digital, 518

of female reproductive tract, 736
dose reduction techniques for, 65
high-level mode, 64
of ileocecal region, 510, 510f
intermittent, 65, 612
mobile systems, 608–610, 608f
patient dose, 64, 64t
pediatric, positioning sequence, 656, 656f
postfluoroscopy radiographs, 519, 519f
radiation exposure levels, 66t
radiation protection practices for, 66
scattered radiation, 65–66, 65f
small bowel series study, 510, 510f
spot images during, 519
upper GI, 656, 656f

exposure, 477, 477f
general procedure, 481, 481f
positioning sequence, 656, 656f
RAO projection, 481, 481f
worker protection during, 477

Focal spot size, 44–45, 44f, 313
Folio method, 145, 145f, 145b
Fontanels, 392, 392f
Foot, 212–215, 217

arches of, 215, 215f
bones of, 212–215, 212f
dorsiflexion of, 29
joints of, 213, 213f
lateral, 217, 217f
motions of, 223, 223f
movements of, 29, 29f
oblique, 217, 217f
plantar flexion of, 29, 29f
projections, 223, 223f
surfaces of, 20, 223, 223f

dorsal, 20
plantar, 20

Foot pedal, 610, 610f
Foot radiography

alternative lateromedial projections, 234, 234f
AP oblique projections

lateral rotation, 234, 234f, 234b
medial rotation, 233, 233f, 233b

AP projections, 232, 232f, 232b
in trauma, 582, 582f, 595f

lateral projections, in trauma, 582, 582f, 595f
lateromedial projections, 234, 234f
mediolateral projections, 234, 234f
oblique projections, 595f
PA projection, 223
projections, 223
in trauma

AP projections, 582, 582f, 595f
lateral projections, 582, 582f, 595f
positioning examples, 595f

weight-bearing projections

Foot radiography (Continued)
AP, 235, 235f, 235b
lateral, 236, 236f, 236b

Foramen magnum, 388
Foramen rotundum, 390
Forearm, 124, 128, 128f

DXA of, 786–787, 787f
rotational movements of, 132, 132f

Forearm radiography
AP projections, 161, 161f, 161b
lateromedial projections, 162, 162f, 162b
positioning for, 130, 134f
sample radiographs for critique, 171b, 172f–

174f, 172
in trauma, 589, 589f
upper limb radiography in, 134, 134f

Forebrain, 708–712, 708f, 712f
Foreign bodies

aspiration due to, 84
localization of, 36, 36f

Foreign body of eye, 414
Forteo (Teriparatide), 784
Fossae, 404
Fourier transform (FT), 791, 807
Fourth ventricle, 710–711, 710f–711f
Fovea capitis, 268, 268f
FPD-TFT. See Flat-panel detector with thin-film 

transistor system
Fracture risk models (FRAX), 788
Fracture(s), 373, 576–580

alignment of
determination of, 36, 36f
terminology for, 577

avulsion, 579
of pelvis, 279

Barton, 578
basal skull, 412
baseball (mallet), 579
Bennett, 579
blowout, 414, 414f, 579
BMD and, 783–784
boxer, 579
bucket-handle, 633, 633f
burst, 580
butterfly, 578
cervical vertebra, 719, 719f
Chance, 343
chip, 579
clay shoveler’s, 315
Colles, 579, 579f
comminuted, 578, 578f
complete, 578
compound (open), 578, 578f
compression, 315, 343, 579, 579f
contrecoup, 414
corner, 633, 633f
depressed, 412, 580
epiphyseal, 580
fatigue, 580
femoral neck, 620, 620f
greenstick, 578, 578f
hangman, 315, 579
Hutchinson (chauffeur), 579
impacted, 578, 578f
incomplete (partial), 578
intertrochanteric, 620, 620f
Jefferson, 315
Le Fort, 414
linear, 412
lower limb, 226
of lumbar spine, 343
lumbar vertebra, 719, 719f
Monteggia, 579, 579f
oblique, 578
odontoid, 315
pathologic, 580
pelvic ring, 279
of pelvis, 275
ping-pong, 412, 580
Pott, 579, 579f
proximal femur (hip), 279, 620, 620f
reduction of, 580
reverse Colles (Smith), 579, 579f

Fracture(s) (Continued)
of rib, 373
risk assessment for, 783
segmental, 578
simple (closed), 578
skull, 412
Smith (reverse Colles), 579, 579f
spiral, 578, 578f
splintered, 578
stellate, 580, 580f
of sternum, 373
stress, 580
subtrochanteric, 620, 620f
teardrop burst, 316
terminology for, 576–580
torus, 578
transverse, 578
trimalleolar, 580
tripod, 414, 414f, 579
tuft, 580, 580f
types of, 578
vertebral, 787, 787f

Fracture table, 620, 620f, 625
Frame rates, low, 65
Frankfort horizontal plane, 20
Free induction decay (FID), 807
Fringe field, 807
Fringe magnetic fields, 793, 797
Frog-leg projections

bilateral
AP, 293, 293f, 293b
sample radiographs for critique, 296, 296f–

297f
unilateral, 291, 291f, 291b

Frontal bone, 387, 408, 408f
frontal view of, 387f
lateral view of, 387f
orbital or horizontal portion of, 387, 387f

Frontal lobe, 709, 709f
Frontal process, 399
Frontal sinuses, 391, 404–405, 405f
Frontal tuberosity, 387
Frozen shoulder (idiopathic chronic adhesive 

capsulitis), 184
FT. See Fourier transform
Fuchs method, 325, 325f, 325b
Fujifilm FDR technique guide, 42t
Full-field digital mammography (FFDM), 773
Functional magnetic resonance imaging (fMR), 

806–807, 808t
Funnel chest, 373
Fusion imaging, 749
Fusion imaging systems, 747, 747f

G
Gadolinium-diethylenetriaminepentaacetic acid 

(Gd-DTPA) (Magnevist), 799, 808
Gadoversetamide (OptiMark), 799f
Gallbladder, 102, 104, 104f, 107, 459–460, 460f, 

462, 732f
functions of, 459
imaging, 112
lateral view of, 460
radiograph of, 460
radiography, indications for, 461t
sonography of, 460f

Gamma imaging, breast-specific, 771
Gamma knife surgery, 754–755
Gamma rays, 749
Gantry, 700–701, 700f, 724
Garth method, 202, 202f, 202b
Gastric carcinomas, 483, 485t
Gastric ulcer, 485
Gastritis, 483, 483f, 485t
Gastroenteritis, 506
Gastroesophageal reflux disease (GERD), 479
Gastrografin, 504f
Gastrointestinal fluoroscopy, 64, 64t
Gastrointestinal studies, 748
Gastrointestinal (GI) tract or system, 103
Gating, 800, 808
Gauss (G), 793, 808
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Gauss, Carl F., 793
Gaynor-Hart method, 158, 158f–159f
GE Image Optima XR220amx, 580f
Genitourinary studies, 748
GERD. See Gastroesophageal reflux disease
Geriatric patients

abdominal radiography in, 111
cervical spine radiography in, 314
chest radiography for, 77–78, 371
comfort for, 314, 342, 371–372, 421
communication with, 314, 342, 421
cranial radiography in, 421
CR centering, 77
exposure factors for, 372, 421
facial bone radiography in, 421
handling, 78, 314
humerus and shoulder girdle radiographic 

examination in, 183
instructions for, 78
lower GI procedures in, 523
lower limb radiography in, 225
lumbar spine radiography in, 342
pelvic and hip radiographic examinations in, 277
safety practices for, 314
sinus radiography in, 421
spine radiography in, 314
thoracic spine radiography in, 314

GFR. See Glomerular filtration rate
Giant cell tumors, 226
Giardiasis, 507, 507f
Ginglymus (hinge) joints, 13, 13f, 131
Glabella, 387, 416
Glabelloalveolar line (GAL), 417
Glabellomeatal line (GML), 417
Glandular tissue, 763
Glenohumeral joint, 178
Glenoid cavity, 178

AP oblique projection of (Grashey method), 
195, 195f, 195b

Gliding, irregular, 274
Gliding joints, 12, 12f, 130, 180
Glomerular capsule, 541, 541f
Glomerular filtration rate (GFR), 799
Glomerulonephritis, 557
Glomerulus, 541f
Gloves, 66

nonsterile, 614f–615f, 615
for venipuncture, 547–549, 547f

Glucosuria, 554
GML. See Glabellomeatal line
Gomphoses, 11
Gomphosis, 403
Gonadal shielding, 64, 64f, 110, 182

female, 64, 64f, 110f, 277, 277f
guidelines for, 277
male, 63f, 64, 110f, 277, 277f, 341, 341f

Gonion, 312f, 402
Gout, 226
Gradient coils, 808
Gradient echo (GRE), 800
Gradient-induced magnetic fields, 797, 808
Grashey method, 195, 195f, 195b
Gray matter, 708f, 709
Gray scale, computed, 703
Gray (Gy) units, 57
Great cardiac vein, 664, 664f
Greater omentum, 106, 106f
Greater sac, 107
Greater trochanter, 109, 268, 268f, 275
Greater tubercle, 176
Great saphenous vein, 672
Great vessels, 75
Greenstick fracture, 578, 578f
Grids, 41–43, 54, 225

in chest radiography, 77
digital imaging systems with, 135
in lower limb radiography, 224
off-level, 41f
purpose of, 41
virtual, 41–43

Gunshot wounds, 412
Gynecologic imaging, 759
Gynecomastia, 774, 774f

Gyromagnetic ratio, 808
Gyrus, 709

H
Haas method, 428, 428f

radiographs for critique, 454, 454f
SMV, 427, 427f

Half-life, 747, 749
Hamate, 126
Hamulus, 126
Hand, 124

bones of, 124, 124f
dorsal surface of, 20
joints of, 125, 125f
movements of, 30, 30f
palmar surface of, 20

Handheld transducer, 770
Hand radiography

AP projections (Brewerton method), 150, 150f, 
150b

“fan” lateral-lateromedial projection, 148, 148f, 
148b

lateral in extension or flexion position, 149, 
149f, 149b

PA oblique projections, 147, 147f, 147b
PA projections, 146, 146f, 146b
sample radiographs for critique, 171b, 172f–

174f, 172
in trauma, 590f

Hand spread method, 82, 82f
Hand washing, 547–549, 547f
Hangman fracture, 315, 579
Hard palate, 69, 399, 399f, 463
Haustral churning, 505
Haustra of colon, 502f
Headache, cranial CT and, 717
Head, arteries of, 665, 665f
Head computed tomography, 422, 702f, 715

anatomy related to, 707
axial scans, 714f, 716, 716f
indications for, 717
procedure, 715
window settings for, 715

Head cover, 615, 615f
Head CT pathology, 717
Head MRI, 792–793, 793f
Healing fractures, radiographic indications of, 633
Health care worker safety, 584
Health level 7 (HL7), 56
Hearing, 396

anatomy of organs of, 394–397
Heart, 73, 75, 662, 662f
Heart studies, 748
Heel bone, 214
Helical scanning, 725
Helium, liquid, 794
Hematoma, subdural, 704f, 717, 717f–718f
Hematuria, 555, 638
Hemianopia, 714
Hemidiaphragm, 69
Hemoglobin, deoxygenated, 807
Hemorrhage, subarachnoid, 717, 718f
Hemothorax, 73, 86
Hepatic ducts, 732f
Hepatic flexure, 103, 103f, 502f
Hepatic portal system, 670f, 671
Hepatopancreatic ampulla, 459, 459f
Hepatopancreatic sphincter, 459, 459f
Hepatoportal system, 671
Herniated lumbar disk, 343
Herniated nucleus pulposus (HNP), 303, 315, 

315f, 343
Hiatal hernia, 484, 484f, 485t
Hickory stick fracture, 578
High contrast contrast resolution, 49, 50f
High-level fluoroscopy (HLF) mode, 64
High-osmolar contrast media, 550
Hill-Sachs defect, 183
Hilum, 74, 540, 540f
Hindbrain, 708, 708f, 712–713, 712f
Hinge (ginglymus) joints, 13, 13f
Hip bones, 269–270, 269f

Hip dysplasia, 289
Hip fracture, 620–621, 620f

radiographic signs of, 275
typical rotation with, 276, 276f

Hip fracture surgery
alternative C-arm alignment for, 621, 621f
imaging equipment and setup for, 620, 620f
open reduction with internal fixation, 620–621

with cannulated screws, 620, 620f
postoperative images, 621, 621f

pinning, 620–621, 625
procedure summary, 621
recommended C-arm alignment for lateral hip 

imaging, 621, 621f
Hip injury, 37
Hip radiography

AP projections
in trauma, 598, 598f
unilateral, 291, 291f, 291b

axiolateral inferosuperior projection (Danelius-
Miller method), 292, 598f

axiolateral projections
modified (Clements-Nakayama method), 295

bilateral, 283, 283f, 283b
exposure factors, 277
indications for, 278–279
inferosuperior lateral, bedside mobile, 598, 

598f
lateral C-arm projection, 621, 621f
lateral, setup for, 609, 609f
in obese patients, 278
patient dose, 277
pediatric, 277
postoperative, 621, 621f
in trauma, 598, 598f
unilateral frog-leg projection (modified Cleaves 

method), 294, 294f, 294b
Hip(s)

classification of, 14, 274
CT of, 278
digital imaging of, 278
DXA of, 786, 786f
joint, 274, 274t
pinning, 620–621, 625
sonography of, 278

Hip-to-ankle long bone measurement, 741–742, 
741f

Hirschsprung disease, 638
HIS. See Hospital information system
HMD. See Hyaline membrane disease
HNP. See Herniated nucleus pulposus
Hobbs modification, superoinferior sitting tangen-

tial projections, 262, 262f, 262b
Holmblad method, 254–255, 254f

variations, 254–255, 254f
Homeostasis, 712
Horizontal (axial) plane, 19
Horizontal projections, 611, 611f
Horns, of lateral ventricles, 710
Horseshoe kidney, 556, 556f
Hospital information system (HIS), 56
Hounsfield units, 703
Hughston method, 260, 260f
Humeral condyle, 129
Humerus, 124, 175–210

average adult, 182
digital imaging of, 183
positioning for, 591f
radiographic anatomy, 176–180
radiographic examination of

AP projections, 181, 181f, 185–208, 185f, 
185b

exposure considerations, 182
exposure factors, 183
geriatric, 183
horizontal beam lateral projections, 187, 187f, 

187b
lateral-lateromedial projections, 186, 186f
lateral projections, 181, 181f, 186, 186f, 

186b
lateral T-mediolateral projections, 186, 186f
lateromedial projections, 187, 187f, 187b
mediolateral projections, 186, 186f
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Humerus (Continued)
in obese patients, 183
oblique projections, 181, 181f
pediatric, 183
positioning for, 181–184
radiation protection, 182
sample radiographs for critique, 209, 209f
technical considerations, 182
transthoracic lateral projection, 188, 188f, 

188b
in trauma, 591f

Hutchinson fracture, 579
Hyaline cartilage, 9, 12
Hyaline membrane disease (HMD), 87, 636
Hybrid imaging3, 749
Hybrid PET/CT scanning, 751, 751f
Hybrid PET/MR scanning, 751, 751f
Hydrocephalus, 717, 718f
Hydrogen, 791
Hydrogen nuclei, 808
Hydronephrosis, 557, 557f
Hydrothorax, 86
Hygiene, 418
Hyoid bone, 69
Hyperemia, 79
Hyperextension, 28, 28f

abnormal, 28
of spine, 28, 28f
of wrist, 28, 28f

Hypersthenic patients, 15, 15f
chest radiography in, 76, 76f

Hyperthyroidism, 748–749
Hypertrophic pyloric stenosis, 484, 485t, 638
Hypophysis, 667, 712
Hypophysis cerebri, 390
Hyposthenic patients, 15, 15f

chest radiography in, 76, 76f
Hypotension, 555
Hypothalamus, 707f, 712, 712f
Hysterosalpingography, 734–736, 735f

accessory equipment for, 735
cannula or catheter placement, 736
clinical indications for, 735
contraindications to, 735
contrast media for, 735
conventional imaging, 736
digital fluoroscopy, 736, 736f
evaluation criteria, 736
imaging equipment for, 735
injection process, 736
optional equipment for, 735
patient preparation for, 735
positioning for, 736
purpose of, 734
radiographic routine, 736
radiography, 736
tray, 735, 735f

I
IAM. See Internal acoustic meatus
Ibandronate (Boniva), 784
ICRP. See International Commission on Radiologi-

cal Protection
Identification markers, 34
Idiopathic chronic adhesive capsulitis (frozen 

shoulder), 184
Idiopathic juvenile osteoporosis, 637
Ileocecal region fluoroscopy, 510, 510f
Ileocecal valve, 103, 501, 501f–502f

spot imaging of, 504, 504f, 525, 525f
Ileum, 103, 107, 501

anatomy of, 501, 501f
sectional differences of, 501
terminal, 502, 502f

Ileus, 112–113, 507, 507f, 638
adynamic, 112–113, 507
meconium, 638
paralytic, 112–113, 507

Iliac crest, 109, 269–270, 340, 340f
Ilium

positioning landmarks for, 269
radiographic anatomy of, 269

Ilizarov technique, 625
Ilizarov tibial external fixator, 619, 619f
Image contrast, 808
Image Gently campaign, 66, 706
Image markers, 33f, 34
Image orientation, 610
Image processing, 54, 54f
Image quality, in CT, 699
Image receptors (IRs), 52–54

adjustable-type leg support and holder for, 259, 
259f

alignment of, 38, 38f
in chest radiography, 83, 83f
and collimation field sizes, 53–54
definition of, 18
landscape alignment of, 17f
in lower limb radiography, 224
part-IR alignment, 342, 342f
placing into sterile cover, 614, 614f
portrait alignment of, 17f
removing from sterile cover, 614, 614f
sizes, 53–54
sizes available, 53t

in analog imaging, 53t
in CR systems, 53t
in DR systems, 53t

in sterile field, 613
Image reconstruction, 702–703, 702f
Image reversal, 55
Image signal, 51–54, 51f

signal-to-noise ratio, 51
high, 51, 51f
low, 51, 51f

Image Wisely campaign, 66, 706
Imaging

principles, 40
and radiation therapy, 755

IMF. See Inframammary fold
Immobilization

forms of, 630, 630f
of pediatric patients, 342, 371, 629–630
recumbent, 629, 629f
upright, 629

Impingement syndrome, 184
Implant displaced (ID) views, 772, 780, 780f
Implants

cesium, 625
electromechanical, 797
silicone breast implants, 772

leakage from, 771, 771f–772f
rupture of, 772

surgical, 772
Incus, 396
Infant cranium, 392, 392f
Infantile osteomalacia (rickets), 637
Infarction, 749

middle cerebral artery, 718f
occipital lobe, 718f

Infection control, 613
Infection, urinary tract, pediatric, 638
Inferior articular processes, 302, 302f

cervical, 304, 304f
lumbar, 334, 338
thoracic, 306, 307f

Inferior costal (rib) margin, 109, 367
Inferior direction, 27
Inferior horns, of lateral ventricles, 710
Inferior mesenteric artery, 670, 670f
Inferior mesenteric vein, 671
Inferior nasal conchae, 401, 401f
Inferior orbital fissure, 409
Inferior sagittal sinus, 668
Inferior surface, 399, 399f
Inferior vena cava (IVC), 75, 539, 539f, 663, 663f
Inferior vena cava filter, 691, 691f
Inferior vertebral notch, 303

lumbar, 334
Inferosuperior axial projections, 25, 25f

Clements modification, 192, 192f, 192b
Lawrence method, 191, 191f, 191b

Infertility assessment, 735
Infiltration, 547
Inflammatory/infectious conditions, CT and, 717

Informed consent form, 546
Inframammary fold (IMF), 763
Infraorbitomeatal line (IOML), 417
Infrapatellar bursa, 221
Infrapatellar fat pad, 221
Infraperitoneal organs, 107, 107f, 543
Infraspinous fossa, 178
Infundibulum, 405, 712–713, 712f–713f, 734, 

734f
Infusion, drip, 545, 545f
Infusion therapy, 693, 784
Inion, 417
Injection, bolus, 545, 545f
Inner canthus, 416
Innominate bones, 269, 269f
Inside location, 27
Inspiration, 76, 76f

degree of, 76
Inspiration chest, 78, 78f
Inspiration (INSP) markers, 34
Instructions to patients, 60–61, 60f
Insula, 709, 709f
Integumentary system, 6, 6f
Interbody bone fusion device, 625
Interbody fusion cages, 622, 622f
Intercarpal joints, 12, 130
Interchondral joints, 368
Intercondylar eminence, 218
Intercondylar fossa, 219–220

AP axial projections of (Béclere method), 256, 
256f, 256b

PA axial projections of, 254–255, 254f, 254b
Camp Coventry method, 254–255, 254f
Holmblad method, 254–255, 254f

tunnel views of, 254–255, 254f, 254b
Intercondylar sulcus, 219
Interior location, 27
Intermalleolar plane, 216
Intermediate cuneiform, 215
Intermetacarpal joints, 12
Intermittent fluoroscopy, 65, 612
Internal acoustic meatus, 395–396, 395f
Internal carotid arteriogram, 666, 666f
Internal carotid arteriography, 682, 682f
Internal carotid artery, 665–666, 666f, 713, 714f
Internal ear, 396–397

“windows” of, 397
Internal fixation, 619

devices, 619, 619f
Internal jugular vein, 668
Internal location, 27
Internal (INT) markers, 34
Internal os, 734, 734f
Internal rotation, 29
International Commission on Radiological Protec-

tion, 66
Interorbital line, 417
Interphalangeal (IP) joints, 13, 223b

of foot, 213
of hand, 125, 130, 130f

Interpupillary line (IPL), 417
Interstitial pneumonia, 86
Intertarsal joints, 223, 223b
Intertrochanteric crest, 268f
Intertrochanteric fractures, 620, 620f
Intertubercular sulcus, 176

tangential projection of (Fisk modification), 197, 
197f, 197b

Interventional imaging
CT, 724, 724f
procedure, 688–696
threshold for vision-impairing cataract, 66
in trauma, 584

Interventricular foramina, 710–711, 710f–711f
Intervertebral disks, 300, 303, 303f
Intervertebral foramina, 303, 303f, 310–311, 339t

cervical, 304, 304f
lumbar, 334, 339t
radiographs of, 310, 310f
thoracic, 307, 307f, 311, 311f

Intervertebral joints, 303, 338–339
Intestinal obstruction, 638
Intestines, 505
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Intracranial endovascular coil embolization, 689
Intracranial pressure, increased, 737
Intraductal papilloma, 774
Intramedullary fixation, 619
Intramedullary fixators, 619, 619f
Intramedullary rod, 625
Intramembranous ossification, 10
Intraperitoneal organs, 107, 107f
Intrauterine pathology, 735
Intravenous contrast media, 705
Intravenous pyelography (IVP), 105
Intravenous urography (IVU), 105, 105f
Intravenous (excretory) urography

alternatives to routine examination, 561,  
561f

AP projection
postvoid, 569, 569f, 569b
scout and series, 566–573, 566f, 566b
ureteric compression, 567, 570, 570f, 570b

nephrotomography and nephrography, 567, 
567f, 567b

routine, 560, 560b
RPO and LPO positions, 568, 568f, 568b
scout image and injection for, 560, 560f

Intubation method (single-contrast study), 509b, 
511, 511f

diagnostic procedure, 511
therapeutic procedure, 511

Intussusception, 112, 513, 638
Invasive ductal cancer, 773
Inverse aorta, 669
Inverse square law, 40–41
Inversion, 29, 29f, 223, 223f
Inversion recovery, 800
In vitro, 749
In vivo, 749
Involuntary motion, 44, 44f
Iodinated contrast media, 550, 550f

premedication procedure, 552
Iodine, 550
IOML. See Infraorbitomeatal line
Ion, 749
Ionic contrast media, 550
Ipsilateral location, 27
IRs. See Image receptors
Ischial tuberosity, 109
Isotope, 749
Isotropic, definition of, 724
Isthmus, 734, 734f
IVC. See Inferior vena cava
IVP. See Intravenous pyelography
IVU. See Intravenous urography

J
Jefferson fracture, 315
Jejunum, 103, 107, 501

anatomy of, 501, 501f
functions of, 505t
sectional differences of, 501

Jerked elbow, 577
Joint arthroplasty, 625
Joint cavity, 12
Joint effusions, 136

lower limb, 226
Joint(s), 11–14

amphiarthrodial, 12
atlantoaxial, 12
ball-and-socket, 14, 14f
bicondylar, 14, 14f
carpometacarpal, 12
cartilaginous, 12, 12f
classification of, 11–14, 14t, 130–131
condylar, 13
of cranium, 392
diarthrodial, 12
ellipsoid, 13, 13f
fibrous, 11, 11f
functional, 11
ginglymus (hinge), 13
gliding, 12, 12f
intercarpal, 12
intermetacarpal, 12
interphalangeal, 13
intervertebral, 303

Joint(s) (Continued)
knee, 220–221
metacarpophalangeal, 13
metatarsophalangeal, 13
minimum of three projections when joints in 

area of interest rule, 37
pivot, 13, 13f
plane, 12, 12f
saddle, 13, 13f
sellar, 13, 13f
spheroidal, 14
structural, 11
structure, 216
synarthrodial, 11
synovial, 12–14, 12f, 403
trochoid, 13

Judd method, 325, 325f, 325b
Judet method, 286
Jugular notch, 68, 177, 177f, 312, 312f, 367, 367f

CR chest-positioning with, 83

K
Kidney disease, polycystic, 638
Kidneys, 105, 538, 538f

cross-sectional view of, 539, 539f
CT axial section of, 539, 539f
IVU radiograph of, 542f
location of, 540, 540f
macroscopic structure of, 541, 541f
movement of, 540
orientation, 539, 539f

Kidneys, ureters, and bladder (KUB), 102, 102f, 
114, 114f–115f, 115b

indications for, 112
sample radiographs for critique, 122f

Kilovoltage (kV) in chest radiography, 77
Kilovoltage peak (kVp), 40
Kirschner wire (K-wire), 625
Knee arthrography, 728–730, 728f–729f

accessory equipment for, 729
AP projections, evaluation criteria for, 730
clinical indications to, 729
contraindications to, 729
contrast media for, 729
conventional radiographic projections, 730, 

730f
CT, 728, 728f
evaluation criteria for, 730
fluoroscopic imaging, 730, 730f
imaging equipment for, 729
lateral projections, 730

evaluation criteria, 730
needle placement and injection process for, 729
patient preparation for, 729
positioning routines for, 730
purpose of, 728
spot imaging, 730f

Knee joint, 728f
anatomy of, 220–221
anterior oblique view of, 220f
anterior view of, 221f
articular capsule or bursa, 221
cavity, 221
classification of, 14, 223, 223b
ligaments of, 220–221, 220f
review exercise with radiographs, 222
runner’s knee, 226
sagittal section of, 221f
synovial membrane, 221
trauma to, 221

Knee MRI
T1-weighted, 803
T2-weighted, 803, 803f

Knee radiography
AP axial projections (Béclere method), 256, 

256f, 256b
AP oblique projections

lateral rotation, 249, 249f, 249b
medial rotation, 248, 248f, 248b
sample radiographs for critique, 263, 265f

AP projections, 247, 247f, 247b
review exercise with radiographs, 222, 222f
in trauma, 594, 594f

horizontal beam projection, 250

Knee radiography (Continued)
lateral–mediolateral projections, 250, 250f, 250b
lateral projections

recumbent, 250, 250f
review exercise with radiographs, 222, 222f
sample radiographs for critique, 263, 264f

lateromedial projections, in trauma, 594f
in trauma

AP projection, 594, 594f
positioning for, 594f, 596f

weight-bearing projections
bilateral AP, 251, 251f, 251b
bilateral PA axial (Rosenberg method), 252, 

252f–253f, 253b
Kohler bone disease, 637
KUB. See Kidneys, ureters, and bladder
Kyphoplasty, 694, 694f
Kyphosis, 301, 301f, 301t, 315

L
Lacrimal bones, 400, 400f, 408
Lacrimal duct, 713, 714f
Lacrimal gland, 713, 714f
Lacrimal sac, 713, 714f
Lambda, 392
Lambdoidal sutures, 392
Laminae, 302

lumbar, 334
Laminectomy, 622–623, 625

anatomy demonstrated, 623
cervical, 623
equipment and setup for, 622, 622f
lumbar, 623
lumbar laminectomy-fusion, 622, 622f
procedure overview, 623
procedure summary, 623

Laminotomy, 625
Landscape alignment, 38, 38f, 53–54, 54f
Laparoscopic cholangiography, 617
Laparoscopic cholecystectomy, 617, 625

anatomy demonstrated, 617
images obtained, 617

Laparoscopy, 617
Large bowel obstruction, 506
Large intestine, 103–104, 103f, 500, 502, 502f

barium-filled, 502
barium versus air location, 503, 503f
colon versus, 502
differentiating characteristics of, 503
digestive functions of, 505, 505t
digestive movements throughout, 505, 505t
double-contrast barium enema of, 502, 504f
location of, 503, 503t
position of, 503
prone position, 503, 503f
radiographic anatomy of, 502
radiographic examination of, 500
supine position, 503, 503f

Larmor frequency, 808
Laryngeal prominence, 70
Laryngopharynx, 69, 463, 463f–464f
Laryngospasm, 555
Larynx, 70

anatomy of, 70f
sectional image, 70, 70f

Lasix, 555
Last menstrual period (LMP) rule, 62
Lateral collateral ligament (LCL), 220, 728f
Lateral condyle, 218–219
Lateral cuneiform, 215
Lateral direction, 27, 27f
Lateral epicondyle, 219

lower limb, 219
upper limb, 129

Lateral intercondylar tubercles, 218
Lateral labyrinths, 391
Lateral malleolus, 216, 218
Lateral mass, 304
Lateral meniscus, 221, 221f
Lateral position, 23
Lateral projections, 36

kite method, 646, 646f
Lateral pterygoid processes, 390
Lateral recess, 710f–711f, 711
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Lateral rotation, 29
Lateral ventricles, 710, 710f
Lateromedial projections, 21, 21f
Latex allergies, 515
Law method, modified, 447, 447f
Lawrence method

inferosuperior axial projections of shoulder, 191, 
191f, 191b

transthoracic lateral projections of shoulder, 
199, 199f, 199b

Laxatives
classes of, 514
contraindications to, 514

LCL. See Lateral collateral ligament
Lead aprons, 477, 477f, 612, 615f
Le Fort fractures, 414
Left atrium, 663, 663f
Left bronchus, 72
Left cerebellar hemisphere, 712
Left circumflex aorta, 669
Left colic flexure, 103
Left distal ureter, 105
Left kidney, 105
Left lateral chest position, on cart, 91, 91f
Left lateral decubitus position

AP or PA projection, 24, 24f, 117f
viewing images, 38, 38f

Left lateral dorsal decubitus position, 24, 24f
Left lateral plane, 108
Left lateral position, 23, 23f
Left lateral recumbent position, 22, 22f
Left lateral ventral decubitus position, 24, 24f
Left lower quadrant (LLQ), 108
Left lung, 72, 72f
Left maxilla, lateral view of, 399
Left maxillary bones, 398–399, 398f
Left posterior oblique (LPO) position, 23, 23f
Left proximal ureter, 105
Left transthoracic lateral shoulder, 26
Left upper quadrant (LUQ), 108
Left ventricle, 663
Legg-Calvé-Perthes disease, 279, 637
Leg support, adjustable-type, 259, 259f
Leiomyomas, 508
Lentiform nucleus, 713, 713f
Lesions, 36
Lesser omentum, 106
Lesser sac, 107
Lesser trochanter, 268, 268f, 275f
Lesser tubercle, 176
Leukocytes, 662
Leveling, 55
Licensing, 760
Ligament capitis femoris, 268
Ligament of Treitz, 468, 468f
Limb length discrepancies, 741
Linear accelerators, 754
Linear attenuation coefficient, 703, 724
Linear fractures, 412
Lipid, digestion of, 469
Lips-meatal line (LML), 417
Liquid helium, 794
Liquid nitrogen, 794
Lisfranc joint injury, 226
Lisfranc ligament, 226
Lithotomy position, 22, 22f

modified, 618, 618f
Lithotripsy, 555, 625
Liver, 102, 104, 107, 502f

anatomy of, 458, 458f
anterior view of, 458f

anterior, 458f
functions of, 458
lobes of, 458
posterior, 458f
radiographic anatomy of, 458–471

LLQ. See Left lower quadrant
LML. See Lips-meatal line
Lobar pneumonia, 86
Lobular carcinoma in situ, 773
Localization of lesions or foreign bodies, 36, 36f
Local reactions, to contrast media, 552–553
LOGIQ 9, 756, 756f

Long bones, 8–9, 8f–9f
measurement of, hip-to-ankle, 741–742, 741f
radiographs of, 742, 742b

Longitudinal arch, 215
Longitudinal fissure, 709, 709f
Longitudinal magnetization (Mz), 808
Longitudinal plane, 792
Longitudinal sections, 19
Loop of Henle, 541, 541f
Lordosis, 25, 301, 301f, 301t, 343
Lordotic position, 25, 25f
Low contrast resolution, 49, 50f
Lower costal margin, 340, 340f
Lower gastrointestinal system, 499–536

digital imaging of, 523
radiographic anatomy of, 500–505
radiographic procedures, 500, 506–524

alternative modalities and procedures, 
523–524

in bariatric patient, 523
geriatric, 523
pediatric, 523
routine and special projections, 524
types of, 518–520

special patient considerations in, 523
Lower limb arteries, 672, 672f
Lower limb radiography

alternative modalities or procedures, 226
AP projections of, 245, 245f, 245b

sample radiographs for critique, 263, 264f
in trauma, 596f

centering, 224
clinical indications, 226–227, 227t
collimation, 224
digital imaging considerations, 225
distance, 224
exceptions to rules, 37
exposure factors, 224
general positioning, 224
geriatric, 225
grids in, 224
image receptors, 224
increased exposure with cast, 225
lateral projections, in trauma, 596f
mediolateral projections, 224f
minimum of three projections rule, 37
multiple exposures per imaging plate, 224
in obese patient, 225
pediatric, 225
placement of markers and patient identification 

information, 225
positioning for, 224
recommended increases in exposure with casts, 

225, 225t
sample radiographs for critique, 263, 263f
shielding, 224
in trauma, 594, 594f

positioning examples, 595, 595f–596f
viewing images, 39, 39f

Lower limb(s), 211–266
adjustable-type leg support, 259, 259f
hip-to-ankle long bone measurement, 741–742, 

741f
joints of, 223, 223f, 223b
radiographic anatomy of, 212–223, 212f, 

268–274, 268f
rotation of

external, 276, 276f
with hip fracture, 276, 276f
internal, 275, 275f
medial, 276, 276f
proximal femora, 276, 276f

Lower limb veins, 672, 672f
Lower teeth, 463, 463f
Lower thorax, 73, 73f
Low-osmolar contrast media, 550, 550t
Lumbar disk, herniated, 343
Lumbar laminectomy, 623
Lumbar laminectomy-fusion, 622, 622f
Lumbar puncture, 737

needle placement for, 738, 738f
positioning for, 738–740, 738f
sites for, 707

Lumbar spine, 333–364
anatomy review of, 337–338
AP projection of, 337
CT reconstruction of, 704f
digital imaging of, 342–343
DXA of, 786
fractures of, 343
MRI of, 343
radiographic anatomy of, 334–339
spot imaging of, 738, 738f

Lumbar spine radiography
alternative modalities and procedures, 343
anterior oblique position, 346
AP axial L5-S1 projection, 350, 350f, 350b
AP projection, 345, 337f, 345f, 345b

positioning for, 341, 341f
sample radiographs for critique, 363, 363f–

364f
centering, 342
exposure factors, 341
geriatric, 342
indications for, 343, 344t
lateral L5-S1 position, 349, 349f, 349b
lateral position, 347–348, 347f–348f, 347b

sample radiographs for critique, 363f
in trauma, 600, 600f

PA projections, 345, 341
part-IR alignment in, 342, 342f
pediatric, 342
posterior oblique position, 346, 346f, 346b, 

363f–364f
projections, 344
sample radiographs for critique, 363, 363f–

364f
technical factors, 342
in trauma, 600, 600f

Lumbar vertebrae, 300, 306f, 334
anterior view of, 334, 334f
lateral view of, 334, 334f, 337, 337f
oblique, 338, 338f
posterior view of, 334, 334f
superiorinferior projection of, 337, 337f
superior view of, 334, 334f

Lumbar vertebra fracture, 719, 719f
Lumber spine radiography

positioning for, 340–344
radiation protection in, 341, 341f

Lumber spine, topographic landmarks for, 340, 
340f

Lumbosacral spine
AP projection of, 338, 338f
lateral, 338, 338f

Lunate, 126
Lungs, 69, 73, 73f–74f

dimensions of, 83
lobes, 72
parts of, 74
sectional drawing, 73
sectional image of, 72, 72f
shielding of, 182

Lung scan, 748
LUQ. See Left upper quadrant
Lymphatic system, 4, 4f, 104, 662
Lymphoma, 508

M
Magnetic fields, 793

fringe, 793, 797
gradient, 797
static, 793
time-varying, 797

Magnetic resonance (MR)
spine imaging, 315
of urinary system, 565

Magnetic resonance angiography (MRA)
brain imaging, 804, 804f
shoulder arthrography, 731

Magnetic resonance imaging (MRI), 84, 789–810, 
789f

abdominal imaging, 112, 803
advantages of, 772
applications, 794
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Magnetic resonance imaging (MRI) (Continued)
brain imaging, 422, 802
breast imaging, 771–773, 771f, 804, 804f
in child abuse, 633
comparison with CT, 789–790, 789f
contraindications to, 794–795, 795b
contrast agents for, 799–800
C-spine scans, 792–793, 793f
disadvantages of, 773
door security, 797
examinations, 801–805
functional, 806–807, 808t
head scans, 792–793, 793f
hybrid PET/MR scanning, 751, 751f
lower GI, 524
lower limb, 226, 278
of lumbar spine, 343
magnetic field strength, 793
MR conditional, 808
MR safe, 808
MR unsafe, 808
nuclei suitable for, 791, 791t
occupational hazards, 799
patient burns, 799, 799f
patient monitoring during, 795
patient preparation for, 795
pediatric, 635
pelvic imaging, 278, 803
physical principles of, 790–794
physiologic gating, 800
during pregnancy, 794–795, 799, 799f
projectiles/missile effects, 797–798
pulse sequences, 800–801, 801t
safety considerations, 797–799
sample information form, 796b
sedation, 795
of shoulder, 183
spine imaging, 802
systems, 789

DryCool system, 794, 794f
open, 794, 794f

T1 relaxation, 792, 792f
T2 relaxation, 792, 792f
T2-weighted, 802
tissue contrast, 800
upper GI, 489
upper limb, 135
viewing images, 39, 39f
warning posters, 797, 797f

Magnetic resonance spectroscopy (MRS), 807, 
808f

Magnet(s), 793–794
permanent, 793
resistive, 793
superconducting, 793–794

Magnevist (Gd-DTPA), 799
Magnification, 55, 55f
Magnification mammography, 768, 768f
Major calyces, 541
Major deep veins, 672, 672f
Malabsorption syndromes, 508
Male pelvic organs, 543, 543f
Male pelvis, 272, 272f
Male peritoneal enclosure, 107
Male reproductive organs, 543, 543f
Male shielding, 341, 341f

gonadal, 63f, 64, 277, 277f
gonadal shielding, 110, 110f
guidelines for, 277

Male urinary bladder, 542
Mallet fracture, 579
Malleus, 396
Malrotation, 556
Mammary fat, 764
Mammography, 759, 762

AEC chamber selection for, 767
analog (film-screen), 765, 765f
archiving, 769
automatic exposure control (AEC), 767
breast compression for, 767–768
breast positioning for, 767
computed radiography, 769
contrast, 769–770

Mammography (Continued)
contrast-enhanced, 769, 769f
craniocaudal (CC) projection, 775–780, 775f–

776f
digital, 765, 765f, 768–769

advantages of, 769
digital breast tomosynthesis (DBT), 773, 773f
exaggerated craniocaudal (XCCL) projection, 

779, 779f
implant displaced (ID) views, 780, 780f

Eklund method, 772
indications for, 773–774
magnification, 768, 768f
mediolateral oblique (MLO) projection, 777, 

777f
mediolateral (ML) projection, 778, 778f
mplant displaced (ID) views

Eklund method, 780, 780f
manual exposure techniques, 780

PACS options, 769
patient dose, 768
patient preparation for, 767
PET, 771
positioning for, 767–774, 767f
routine and special projections, 774
sample radiographs for critique, 781, 781f
scintimammography, 770
superomedial-inferolateral oblique projection, 

777
technical considerations, 767–768, 767f
telemammography, 769
terminology for, 774, 774t
x-ray tube, 767

Mammography Quality Standards Act (MQSA), 
762–763

Mammography workstation, 768f, 769
Mandible, 402

AP axial projection of (Towne method), 442, 
442f

axiolateral or axiolateral oblique projection of, 
439, 439f–440f

CT imaging of, 422
fibrous joint, 403
frontal view of, 402, 402f
horizontal beam projection of, 439, 439f
joint classifications, 403, 403t
lateral view of, 402, 402f
movements of, 30, 30f
orthopantomography (panoramic tomography) 

of, 444, 444f–445f
PA or PA axial projection of, 441, 441f
ramus, 402, 402f
submentovertical (SMV) projection of, 402, 

443, 443f
synovial joint, 403, 403t
temporomandibular joint, 403, 403f

Mandibular notch, 402
Manubrial notch, 68, 366f, 367
Manubrium, 68, 312, 366
March fracture, 580
Markers, 33f, 34
Masks, 615, 615f
Mass effect, 717
Mass peristalsis, 505
Mastery, 606
Mastication, 463
Mastoid, 392
Mastoid air cells, 395
Mastoid portion, 389
Mastoid process, 312, 312f, 394
Mastoids, 395

axiolateral projection for, 397, 397f
posterior profile projection for, 397, 397f

Mastoid tip, 394
Matrix displays, 724
Matrix size, 808
Maxilla, 408
Maxillary bones, 398–399, 398f

frontal view, 399, 399f
lateral view, 399, 399f

Maxillary sinuses, 404, 404f
Maxillary sinusitis, 422
Maximum intensity projection (MIP), 724

MCL. See Medial collateral ligament
MDCT. See Multi detector computed tomography
Mean glandular dose (MGD), 768
Mechanical bowel obstruction, 112, 507
Mechanical digestion, 469, 469t
Mechanical holding devices, 58
Mechanical index (MI), 758
Mechanical obstruction, 638
Meckel diverticulum, 508, 508f
Meconium aspiration syndrome, 636
Meconium ileus, 638
Medial atlantoaxial joint, 307
Medial collateral ligament (MCL), 220, 728f
Medial condyle, 218–219
Medial direction, 27, 27f
Medial epicondyle, 129, 219
Medial intercondylar tubercles, 218
Medial malleolus, 216, 218
Medial meniscus, 221
Medial pterygoid processes, 390
Medial rotation, 29
Median cubital vein, 546f
Median plane, 19
Median sacral crest, 335
Median vein, of forearm, 546, 546f
Mediastinum, 74–75, 75f, 663
Medical history, 673, 674f
Medical physicists, 755
Medical sonography, upper GI, 489
Mediolateral diameter, 763
Mediolateral oblique (MLO) projections, 777, 777f
Mediolateral (ML) projection, 778, 778f
Mediolateral projections, 21, 21f
Medulla, 712, 712f
Medulla oblongata, 300, 708, 708f
Medullary cavity, 9
Megacolon, congenital, 638
Membranous labyrinth, 396
Meningeal spaces, 707f, 708
Meninges, 707–708, 707f
Meningocele, 637
Meniscus(i), 221, 221f
Mental foramen, 402
Mental point, 402, 416
Mental protuberance, 402
Mentomeatal line (MML), 417
Mentum, 402, 416
Merchant bilateral method (tangential projection), 

259, 259f
Mesentery, 106
Mesocephalic skull, 415, 415f
Mesocolon, 107
Metacarpals, 124, 590f
Metacarpophalangeal (MCP) joints, 13, 125, 130
Metaphysis, 10
Metastases, 412
Metastasis

brain lesions, 717, 717f
osteoblastic, 343, 373
osteolytic, 343, 373
pulmonary, 86
rib, 373
vertebral, 343

Metatarsals, 212
Metatarsophalangeal (MTP) joints, 13, 213, 223b
Metformin, 551
11C-Methionine, 753
Methods, 18
MGD. See Mean glandular dose
MI. See Mechanical index
Miacalcin (Calcitonin), 784
Microbubble contrast media, 759
Microcurie (μCi), 749
Microdiskectomy, 625
Micturition, 555
Mid-abdominopelvic region, 109
Midbrain, 708, 708f, 712–713, 712f–713f
Midcoronal plane, 19
Middle articular facets, 214
Middle cardiac vein, 664, 664f
Middle cerebral arteries, 666, 666f
Middle cerebral artery infarction, 718f
Middle conchae, 401
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Middle ear, 394, 394f
Middle nasal conchae, 391, 391f
Middle nasal meatus, 405
Middle phalanx, 212
Midfemur, 219
Midlateral orbital margin, 416
Midline shift, 717
Midsagittal, or median, plane (MSP), 416
Midsagittal plane, 19
Milk calcium bile, 461
Milk of calcium, 774
Miller-Abbott (M-A) tube, 511
Milliamperage (mA), 40
Milliampere seconds (mAs), 77
Millicurie (mCi), 749
Minimum of three projections rule, 37, 37f
Minimum of two projections rule, 36, 36f
Minimum repeat radiographs, 60
Minor calyx, 541
Minors, 58
MIP. See Maximum intensity projection
Missile effects, 797
Mitral valve, 663, 663f
M-mode ultrasound, 757
Mnemonics

for cranial nerves, 713
for tarsals, 214

Mobile C-arm digital fluoroscopy systems, 
608–610, 608f

Mobile CT scanners, 700
Mobile radiographic cholangiography, 616, 616f
Mobile radiography, 575–626

bedside radiography, 576, 576f
digital imaging, 616–617
positioning for, 585–605
positioning principles for, 582–584
principles to keep in mind, 582

Mobile x-ray equipment, 580–581
battery-driven, battery-operated units, 581, 581f
cleaning, 608
portable units, 580, 580f
standard power source, capacitor-discharge, 

non-motor-driven units, 581, 581f
Modern Way Immobilizers, Inc., 77
Modified Bernageau method, PA transaxillary 

projections, 193f
Modified Cleaves method, 293
Modified posteroanterior (PA) projection, 395
Modulation transfer function (MTF), 49
Molecular breast imaging, 771
Molecules, 3
Molybdenum, 767
Molybdenum target, 767
Monteggia fracture, 579, 579f
Montgomery glands, 763
Mortise, 216
Mortise position, 216
Motion, 44–45

involuntary, 44, 44f
voluntary, 44, 44f

Motion mode (M-mode) ultrasound, 757
Mouth, 463

accessory organs in, 463
Movements

forearm rotational, 132, 132f
terms related to, 28–31

MPR (multislice) volume scans, 703f, 724
MQSA. See Mammography Quality Standards Act
MRA. See Magnetic resonance angiography
MRI. See Magnetic resonance imaging
Mueller maneuver, 482
Multi detector computed tomography (MDCT), 

84, 699, 699f, 702–703
Multinuclear spectroscopy, 807
Multiplanar reconstruction (MPR), 700, 704, 724

volume scanning, 703f
Multiple myeloma, 137, 226, 412, 742f
Mummifying, 630
Mumps, 463
Muscle(s), 6, 703, 763
Muscular system, 6, 6f
Muscular tissues, 3
Musculoskeletal computed tomography, 719

Musculoskeletal imaging, 803
Myelinated axons, 709
Myelography, 315, 343, 737–740

accessory equipment for, 737
cervical region, 739

horizontal beam lateral, 739, 739f
swimmer’s lateral horizontal beam, 739, 739f

clinical indications for, 737
contraindications to, 737
contrast media, 737–738

dosages, 738
CT, 740, 740f
digital fluoroscopy, 738
digital imaging, 738
evaluation criteria for, 740
fluoroscopy, 738
imaging equipment for, 737, 737f
lumbar region

horizontal beam lateral, 740, 740f
semierect lateral, 740, 740f

needle placement and injection process, 738, 
738f

optional equipment for, 737
patient preparation for, 737
positioning for, 738–740, 738f
purpose of, 737
radiographic positioning, 739
radiographs, 740
spot imaging of, 738, 738f
thoracic region

left lateral decubitus position, 739, 739f
right lateral decubitus position, 739, 739f
vertical beam lateral, 740, 740f

transcervical (horizontal beam) lateral, 739f
Myelography-equipped room, 737f
Myelography tray, 737, 737f
Myelomeningocele, 637
Myometrium, 734

N
Nasal bones, 400, 400f

lateral position of, 433, 433f
superoinferior tangential (axial) projection of, 

434, 434f
Nasal cavity, 404
Nasal septum, 401
Nasion, 416
Nasopharynx, 69, 463, 463f–464f
National Cancer Risk Assessment tool, 762
Navicular, 214–215, 215f, 215b
Neck

arteries of, 665, 665f
great veins of, 668, 668f

Neck computed tomography, 719
Necrotizing enterocolitis, 638
Needle aspiration, 695

CT-guided, 695, 695f
Needle biopsy, percutaneous, 695
Needle placement and injection process

for knee arthrography, 729
for shoulder arthrography, 731, 731f

Needles
butterfly, 546, 546f–548f, 548
removal of, 549, 549f
securing, 548
type and size of, 546–547

Neer method, 201, 201f, 201b
Negative-contrast agents, 515
Neoplasms, 86, 412, 414, 461

bone, 136
in large intestine, 513, 513f
in small bowel, 508

Nephrogram, 561
Nephron, 541, 541f
Nephroptosis, 540, 555
Nephrostomy, 694, 694f
Nervous system, 6, 6f
Nervous tissues, 3
Net magnetization (NM), 791
Net magnetization vector (NMV), 792, 809
Networking, 701, 724
Neural impingement, 625

Neuroblastoma, 638
Neurohypophysis, 712, 712f
Neurology, 753
Nipple, 763–764, 763f

Paget disease of, 774
Nitrogen gas, 515
Nitrogen, liquid, 794
NMV. See Net magnetization vector
Noise, signal-to-noise ratio (SNR or S/N), 790
Nonionic contrast media, 550, 550f
Nontrauma, 194
Nuclear medicine, 747–749, 770–771

abdominal, 112
of bony thorax, 372
breast imaging procedures, 770–773
cardiac studies, 748, 748f
chest scans, 84
in child abuse, 633
clinical applications of, 748–749
comparison with PET, 750–753, 750f
cranial bone scans, 422
fusion imaging systems, 747, 747f
imaging equipment for, 747, 747f
lower GI procedures, 524
lower limb bone scans, 226, 278
lung scan, 748
pediatric, 635
spine scans, 315
in trauma, 584
upper GI, 489
upper limb bone scans, 135, 183
of urinary system, 565
vertebral bone scans, 343

Nuclear medicine team, 749
Nucleus pulposus, 303, 303f

herniated, 303, 315, 315f, 343
Nursemaid elbow, 577
Nutrient artery, 9
Nutrient foramen, 9

O
O-arm imaging systems, 610, 610f
Obese patients

abdominal radiography in, 111, 111f
bony thorax imaging in, 372
cervical spine radiography in, 314
chest radiography in, 78
lower limb radiography in, 225
radiographic examination of humerus and 

shoulder girdle in, 183
thoracic spine radiography in, 314

Obesity, 15, 15f–16f
Object image receptor alignment, 47, 47f

effects of, 47, 47f
Object image receptor distance (OID), 46–47, 46f
Oblique fractures, 578
Oblique plane, 19
Oblique position, 23
Oblique section, 19
Obstetric scans, 759, 759f
Occipital bones, 388

articulations of, 388
inferior view of, 388f
lateral view of, 388f
superior view of, 388f

Occipital condyles, 388
Occipital lobe, 709, 709f

infarction, 718f
Occipital sinus, 668
Ocular muscles, 713, 714f
Odontoid fracture, 315
Odontoid process, 305, 305f

AP projection of, Fuchs method, 325, 325f, 
325b

PA projection of (Judd method), 325, 325f, 
325b

OEC 9900, 608f–609f
Off-level grid cutoff, 41f
OID. See Object image receptor distance
Olecranon, 128
Olecranon fossa, 129
Olecranon process, 133f
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Oliguria, 555
Omentum, 106
Omentum bursa, 107
Oncology, 752

radiation, 754
Open-mouth Waters method, 453, 453f
Open reduction, 580, 619, 625
Open reduction with internal fixation (ORIF), 

620–621
Operative cholangiography, 625
Operator-selectable filtration, 65
Optic canal, 390
Optic chiasma, 712–713, 712f–714f
Optic foramen, 390, 408–409
Optic foramina, 390, 408

parieto-orbital oblique projection of, 409f
Rhese method, 438, 438f

Optic groove, 390
Optic nerve (CN II), 713, 713f–714f
Optic radiations, 714, 714f
Optic tracts, 713, 714f
OptiMark (gadoversetamide), 799f
Oral cavity, 102
Orbital cavity, 713, 714f
Orbital fat, 713, 714f
Orbital plate, 387, 408, 408f
Orbitomeatal line (OML), 417
Orbit(s), 408–409

anatomy of, 409–411, 409f
bones of, 408b, 409–411, 409f
bony composition of, 408, 408f
CT imaging of, 422
facial bones-lateral, 410, 410f
facial bones-SMV, 411, 411f
openings and structures of, 409, 409f
parietoacanthial projection, 410, 410f
parieto-orbital oblique projection of, 409, 

409f
posterior openings, 409, 409f

Organism(s), 3, 3f
Organ(s), 3, 703
ORIF. See Open reduction with internal fixation
Oropharynx, 69, 463, 463f–464f
Orthopantomography, 444, 444f–445f
Orthopedic surgery table, 620, 620f
Orthopedic surgery, terminology, 619
Orthoroentgenography, hip-to-ankle long bone 

measurement, 741
Orthostatic technique, 369, 369f
Os calcis, 214, 785
Osgood-Schlatter disease, 226, 637
Osmolality, 550
Osseous labyrinth, 396, 396f
Ossification, 10

endochondral, 10, 10f
primary center of, 10, 10f
secondary center of, 10, 10f

intramembranous, 10
patterns of, 631, 631f–632f, 631t

Osteitis deformans, 227, 412
Osteoarthritis

lower limb, 226, 279
in spine, 316
upper limb, 136, 184

Osteoblastic lesions, 412
Osteoblastic metastasis, 343, 373
Osteoblasts, 782
Osteochondroma, 137, 226
Osteochondrosis, 637
Osteoclastoma, 226
Osteoclasts, 782
Osteogenesis imperfecta, 637
Osteogenic sarcoma, 137, 226
Osteoid osteoma, 226
Osteology, 4, 7–8
Osteolytic lesions, 412
Osteolytic metastasis, 343, 373
Osteomalacia, 227
Osteoma, osteoid, 226
Osteomeatal complex, 405, 405f
Osteomyelitis, 136, 373, 414
Osteopenia, 783
Osteopetrosis, 136

Osteoporosis, 136, 184, 316, 782
diagnostic criteria for, 783
drugs or agents for, 783, 783t
management of, 783–784, 783t
risk factors for, 782–788
severe, 783

Osteosarcoma, 137
Otosclerosis, 412
Ottonello method, 326, 326f, 326b
Outer canthus, 416
Outer location, 27
Oval window, 396–397
Ovarian ligament, 734f
Ovarian shielding, 277
Ovaries, 734
Oversampling, 703
Over-the-needle catheters, 546, 546f, 548, 548f
Over-the-wire technique, 695, 695f

P
Pacemaker insertion, 624, 624f

equipment and setup for, 624, 624f
procedure summary, 624
transvenous approach, 624

Pacemakers, 624
MRI-unsafe, 789–790

Pacing, 624
PACS. See Picture archiving and communication 

system
Paget disease, 136, 227, 412

of the nipple, 774
Palatine bones, 399, 401, 401f
Palatine process, 401
Palmar surface, 20
Palpation, 37
Pancreas, 102, 104, 462
Pancreatic duct, 459, 459f, 732f
Panoramic tomography, 444, 444f–445f
Papilla of Vater, 459, 459f
Papoose board, 629
Paralytic ileus, 112–113, 507, 638
Paranasal sinuses, 404–407, 404f

clinical indications, 414, 414t
CT studies, 422
lateral position of, 406, 406f
maxillary sinuses, 404
PA (Caldwell) projection, 406, 406f
parietoacanthial transoral projection of, 407, 

407f
purpose of, 404
radiographs, 406–407
SMV projection, 407, 407f

Parathyroid glands, 71, 71f
Parathyroid hormone, 783–784
Parathyroid sonography, 759
Parenchyma, 73
Parents, 749

first meeting with, 628, 628f
roles of, 628

Parietal bones, 388
articulations of, 388
lateral view of, 388f
superior view of, 388f

Parietal lobe, 709, 709f
Parietal peritoneum, 106
Parietal pleura, 73
Parietal tubercles, 388
Parietoacanthial projection (Waters method), 26, 

26f
for facial bone, 430, 430f
for facial bones, 420, 420f
modified, 432, 432f
radiographs for critique, 455, 455f
reverse (acanthioparietal), 26, 26f

for facial bones, 605, 605f
modified, 605, 605f

for sinuses, 451, 451f
transoral (open-mouth), 453, 453f

Parietoacanthial transoral projection, paranasal 
sinuses, 407, 407f

Parieto-orbital oblique projection (Rhese method), 
438, 438f

Parotid gland, 463, 463f
Pars interarticularis, 334, 336
Patella, 219

anatomy of, 220, 220f
axial view, 220
lateral view, 220

lateral projection of, 258, 258f, 258b
PA projection of, 257, 257f, 257b
tangential projections of

axial or sunrise/skyline, 259, 259f, 259b
Hobbs modification, 262, 262f, 262b
Hughston method, 260, 260f
inferosuperior, 260, 260f
Merchant bilateral method, 259, 259f
Settegast method, 261, 261f
superoinferior sitting, 262, 262f

Patellar ligament, 221
Patellar surface, 219–220
Patellofemoral joint, 220, 223b

PA projection of, 257, 257f, 257b
tangential projections of, 222, 222f

Pathologic fracture, 580
Pathologic indications

of musculoskeletal CT, 719
of spine CT, 719

Patient anxiety, 795, 797f
Patient care, 35

for angiocardiography, 673–674
Patient dose, of CT, 706
Patient history, 551, 551f, 767
Patient identification and date markers, 33f, 34, 225
Patient instructions, 60, 60f, 78
Patient motion, 134, 342
PBD. See Percutaneous biliary drainage
PBL. See Positive beam limitation
PCL. See Posterior cruciate ligament
Pearson method, bilateral, 204–205, 204f–205f, 

205b
Pectoralis major muscle, 763
Pectus carinatum (pigeon breast), 373
Pectus excavatum, 373
Pediatric CT, 706
Pediatric fluoroscopy, 656, 656f
Pediatric immobilizer, 629
Pediatric patients, chest radiography for, 371

collimation, 371
communication with, 371
exposure factors, 371
immobilization with, 371

Pediatric radiography, 628–660
abdominal, 111, 651

AP erect projection, 653, 653f, 653b
AP projection (KUB), 652–660, 652f, 652b
dorsal decubitus, 654, 654f, 654b
lateral decubitus, 654, 654f, 654b
postprocedure instruction, 656

after reduction of intussusception following air 
or barium enema, 658, 658f

air enema, 657–658, 657f
alternative modalities, 635
barium enema, 523, 657–658

double-contrast, 657–658, 657f
single-contrast, 657–658, 657f

barium swallow, 655–656, 655f–656f
postprocedure instruction, 656
procedure, 656

cervical spine imaging, 314
chest, 77, 636
clinical indications for, 636–638, 636t
communication with, 342, 421
cranial, 421
double-contrast procedure

contrast media for, 657
materials for, 657

exposure dose, 634
exposure factors, 421
facial bone, 421
first meetings with patients and parents, 628f
humerus and shoulder examinations, 183
immobilization for, 342, 421, 629–630
lower limbs, 225

AP and lateral, 645, 645f, 645b
lumbar spine, 342
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Pediatric radiography (Continued)
parent protection, 634, 634f
patient motion and safety, 342
pelvis and hips, 647–648, 647f–648f, 648b

examination, 277
pre-examination introduction and child and par-

ent evaluation, 628
pre-examination preparation for, 634–635
preparation for, 635
primary concerns in, 342
radiation protection, 634
sinus, 421
skull, lateral projection, 650, 650f, 650b
small bowel combination study, 655–656, 655f
small bowel follow-through, 656, 656f
small bowel series, 523
spine, 314
spot imaging, 658
thoracic spine, 314
upper GI series, 655–656

barium enema, 657–658, 657f
barium preparation, 655
indications, 655
patient and parent preparation, 655, 655f
room preparation for, 655, 655f

upper limbs
AP and lateral, 643–644, 643f–644f, 643b
radiography in, 134

voiding cystourethrogram, 659–660, 659f–660f
Pedicles, 302
Pelvic brim, 542, 542f
Pelvic cavity, 272
Pelvic external fixator, 619, 619f
Pelvic fractures, 286b
Pelvic girdle, 8, 267–298
Pelvic joints, 274, 274t
Pelvic organs, 107

female, 543, 543f
male, 543, 543f

Pelvic ring, fractures, 279, 286
Pelvic sacral foramina, 335
Pelvic shielding, 277f
Pelvis, 10

anatomy of, 269, 269f
greater or false, 271–272
joints of, 274, 274f, 274t
lesser or true, 271–272, 271f
male vs female, 271–272, 271f, 272t
review exercise with radiographs, 273, 273f
topographic landmarks of, 109, 109f, 270, 270f
true, 734

Pelvis imaging
bedside mobile imaging, 597f

bilateral frog-leg projection, 293, 293f, 293b
exceptions to rules, 37
exposure factors, 277
indications for, 278–279
male gonadal shielding for, 277, 277f
male vs female, 272, 272f
in obese patients, 278
patient dose, 277
pediatric, 277
positioning for, 275–279
positioning warning, 275
posterior oblique projections, 286, 286f–

287f, 286b
projections, 279
sample radiographs for critique, 296, 296f–

297f
shielding guidelines for, 277
in trauma, 597, 597f

CT, 278
digital, 278
MRI, 278, 803
radiographic

AP axial inlet projection, 285, 285f, 285b
AP axial outlet projection (Taylor method), 

284, 284f, 284b
AP projections, 283–284, 283f–284f, 283b–

284b
radiographic, AP projections, bedside mobile 

imaging, 597, 597f
Peptic ulcer, 485

Percutaneous abdominal drainage, 694–695
Percutaneous abscess drainage, 724, 724f

CT guided, 724, 724f
Percutaneous biliary drainage (PBD), 694
Percutaneous biopsy, 724, 724f
Percutaneous needle biopsy, 695
Percutaneous transluminal angioplasty, 690, 690f
Perforated hollow viscus, 506
Perforating ulcer, 485
Perfusion imaging, cardiac, 748, 752, 752f
Pericardial sac, 73
Periodically rotating fluoroscopic x-ray tube, 65
Periosteum, 9
Peripheral angiography, 687, 687f
Peripheral circulatory system, 671–672
Peripheral computed tomography, 784
Peripheral densitometry, 784
Peripherally inserted central catheters, 691
Peripheral nerve stimulation, 798–799
Perirenal fat, 539, 539f
Peristalsis, 465, 465f, 505
Peristaltic activity, 469
Peritoneal cavity, 106–107, 107t
Peritoneum, 106

male versus female enclosures, 107
parietal, 106
visceral, 106

Permanent magnet, 809
Peroneal trochlea, 214
Perpendicular plate, 391, 401
Personal dosimetry report, 612
Personnel

radiation exposure, 706
in sterile field, 613–614

Personnel dosimeters, 58, 58f
Personnel monitoring, 58, 58f

devices, 58, 58f
PET. See Positron emission tomography
Petrous ridge, 389, 416
Phalanges

of foot, 212
of hand, 124

Pharmaceutical, 749
Pharynx, 69–70, 69f, 102, 463–464
Phase coherence, 809
Phase incoherence, 792
Phlebitis, 553
Photostimulable storage phosphor (PSP) cassette-

based systems, 34, 34f
Photostimulable storage phosphor (PSP) technol-

ogy, 52, 52f
Physiologic gating, 800
Physiology, 3
Phytobezoar, 483, 485t
Pia mater, 707f, 708
Picture archiving and communication system 

(PACS), 56, 56f, 56t, 701
options for mammography, 769

Pigg-O-Stat (Modern Way Immobilizers, Inc.), 77, 
629, 629f

Pineal gland, 710, 710f, 712, 712f
Ping-pong fractures, 412, 580
Pinna, 394, 416
Pinning, 620–621, 625
Pisiform, 126, 126f
Pitch, 703
Pituitary adenomas, 412
Pituitary gland, 390, 712–713, 712f–713f
Pivot joints, 13, 13f, 131
Pixel pitch, 49
Pixel(s), 724
Pixel size, 49
Plane joints, 12, 12f, 130
Plantar flexion, 29, 223
Plantar surface, 20, 223
Plantodorsal (PD) projections, 26, 26f, 223

axial, 26, 26f, 237, 237f, 237b
samples for critique, 263, 263f

Plasma, 662
Platelets, 662
Pleura, 73

parietal, 73
pulmonary or visceral, 73

Pleural cavity, 73
Pleural effusion, 84
Pleurisy, 86

lobar, 86
viral (interstitial), 86

Pneumoperitoneum, 112
Pneumothorax, 73, 78, 87
Pneumouria, 555
Polibar plus, 520
Polycystic kidney disease, 557, 638

T2-weighted MRI images of, 803
Polyps, 412, 513, 513f, 720f
Polyuria, 555
Pons, 708, 708f, 711–713, 711f–713f
Popliteal surface, 220
Popliteal vein, 672f
Portable units, 580, 580f
Portrait alignment, 38, 38f, 53–54
Positions and positioning, 21, 76–87

body positions, 22–24, 31t
errors, 419, 419f
landmarks for, 37, 37f
for mobile radiography, 582–584
principles of, 33–39, 33f
related terms, 18–32, 31t
for trauma radiography, 582–584, 582f
view and, 32

Positive beam limitation (PBL), 61
Positron emission tomography (PET), 747, 

750–753, 750f
brain mapping, 753, 753f
clinical applications, 752, 752f
comparison with nuclear medicine, 750–753
description of, 750–753
FDG, 753
hybrid PET/CT scanning, 751, 751f
hybrid PET/MR scanning, 751, 751f
imaging systems, 750f
mammography, 771
whole-body scanning, 752, 752f

Positron emitters, 750, 750f
Positron-emitting elements, 750
Posterior arch, 305
Posterior articular facet, 214
Posterior central gyrus, 709, 709f
Posterior cerebellar notch, 712f, 713
Posterior cruciate ligament (PCL), 220, 728f
Posterior horns, of lateral ventricles, 710
Posterior inferior iliac spine, 269, 269f
Posterior oblique projection (Judet method), 286
Posterior pituitary gland, 712, 712f
Posterior (PA) projections

Caldwell method, skull, 649, 649f, 649b
Judd method, 325, 325f, 325b

Posterior ribs, 76, 76f
Posterior superior iliac spine (PSIS), 269, 269f
Posterior surface, 20
Posterior tibial artery, 672
Posterior tibial vein, 672f
Posterior tubercle, 305
Posteroanterior (PA) axial oblique projection 

(Teufel method), 288
Posteroanterior (PA) axial projections, 25, 223

Camp Coventry method, 254–255, 254f
Haas method, 428, 428f
Holmblad method, 254–255, 254f

variations, 254–255, 254f
Rosenberg method, 252, 252f–253f, 253b

Posteroanterior (PA) oblique projections, 21, 21f, 
38, 38f

Posteroanterior (PA) projections, 21, 21f
Caldwell method

for cranial bones, 393, 393f
for facial bones, 431, 431f
skull series, 425, 425f

Ferguson method (scoliosis series), 354, 354f, 
354b

Folio method, 145, 145f, 145b
modified Bernageau method, 193f
for skull series, 426, 426f
vertical, 611, 612f
viewing images, 38, 38f
Waters method, 26, 26f
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Postoperative cholangiography, 732
Postprocessing, 55

options for, 55, 55f
Postprocessing images, angiography, 680
Pott fracture, 579, 579f
Precession, 791, 791f, 809
Precise collimation, 678
Pregnancy

examinations that deliver less than 10 mGy, 62
examinations that deliver more than 10 mGy, 

62
MRI during, 794–795, 799
precautions for, 62, 62f

small bowel series, 511
technologists, 59

protection, abdominal, 110
urinary bladder during, 543, 543f

Principles of imaging, 40
Problem-solving skills, 606
Procedure markers, 34, 34f
Proctography, evacuative, 520, 521b

contrast media applicator, 520
definition and purpose of, 520
equipment for, 520, 520f
geriatric, 523
indications for, 520
positioning for, 521, 521f
procedure, 520–521

Professional ethics, 35
Projectiles, 797
Projections, 21

acanthioparietal, 26, 26f
anteroposterior (AP), 21, 21f
anteroposterior (AP) oblique, 21, 23, 23f, 51f
axial, 25–26, 25f
decubitus (decub), 38, 38f
definition of, 21, 32
dorsoplantar (DP), 26, 26f
exceptions to rules, 37
inferosuperior axial, 25, 25f
lateral, 36
lateromedial, 21, 21f
mediolateral, 21, 21f
minimum of three rule, 37, 37f
minimum of two rule, 36, 36f
parietoacanthial, 26, 26f
plantodorsal (PD), 26, 26f
posteroanterior (PA), 21, 21f
posteroanterior (PA) axial, 25
posteroanterior (PA) oblique, 21, 21f, 38, 38f
principles for determining routines, 36–37
routine, 36, 638–650
special, 36, 638–650
special use terms for, 25–26
submentovertical (SMV), 26, 26f
superoinferior axial, 25
tangential, 25, 25f
terms, 21
transthoracic lateral, 26, 26f
verticosubmental (VSM), 26

Prominent heel effect, 767
Pronation, 30, 30f
Pronator fat stripe, 133, 133f
Prone position, 22, 22f
Prospective ECG gating, 723
Prostate cancer, 557f

treatment plans for, 754, 754f
Prostate carcinoma, 557
Prostate gland, 542, 543f
Prosthesis, 625
Protective eyewear, 615
Protein, digestion of, 469
Proteinuria, 555
Protocol, 724
Proton density (PD), 809
Proton therapy, 755, 755f
Protraction, 30, 30f
Proximal convoluted tubule, 541
Proximal direction, 27, 27f
Proximal extremity, 218
Proximal femur (hip)

anatomic position of, 268
angles of, 268, 268f

Proximal femur (hip) (Continued)
Danelius-Miller method, 292, 598, 598f
female gonadal shielding for, 277f
fractures of, 275, 620, 620f
modified (Clements-Nakayama method)

review exercise with radiographs, 273
unilateral frog-leg (modified Cleaves method), 

294f
projections of

AP unilateral, 291
axiolateral, 273f, 292

radiographic anatomy of, 268–274
review exercise with radiographs, 273
rotation of lower limb and, 276

Proximal humerus
lateral, 190, 190f, 190b
Lawrence method, 199f, 199b
radiographic anatomy of, 176–180, 176f, 179f
radiography of, 181

AP projections, 189, 189f–190f, 189b
horizontal beam lateral-lateromedial projec-

tions, 187, 187f, 187b
transthoracic lateral projections, 188, 188f, 

188b
rotation of, 181

external, 181, 181f
internal, 181, 181f
neutral, 181, 181f

transthoracic lateral projections, in trauma, 592, 
593f

Proximal interphalangeal (PIP) joints, 27, 125, 213
Proximal phalanx, 212
Proximal radioulnar joint, 13, 131
Proximal tibiofibular joint, 220–221, 220f, 223b
Proximal ulna, 128
Pseudocoarctation, 669
Pseudocontinuous arterial spin labeling (pcASL), 

806
PSIS. See Posterior superior iliac spine
Psoas major muscles, 102, 102f, 539, 539f
Pterions, 392
Pterygoid hamulus, 390–391, 399
Pterygoid processes, 391
Pubic arch, 272
Pubis

anatomy of, 270
positioning landmarks on, 270

Public safety, 584
Pulmonary arteries, 75, 663, 663f
Pulmonary arteriogram, 683, 683f
Pulmonary circulation, 663
Pulmonary edema, 87
Pulmonary metastases, 86
Pulmonary pleura, 73
Pulmonary valve, 663, 663f
Pulmonary veins, 75, 663, 663f
Pulsed arterial spin labeling (PASL), 806
Pulse sequences, 809
Pyelonephritis, 557, 638
Pyloric antrum, 466, 466f
Pyloric canal, 466, 466f
Pyloric orifice, 466, 466f
Pyloric sphincter, 466, 466f
Pylorus, 466, 466f

Q
QCT. See Quantitative computed tomography
Quadrate lobe, 458, 458f
Quadratus lumborum muscles, 539, 539f
Quantitative computed tomography (QCT), 784
Quantitative ultrasound (QUS), 784, 785f
QUS. See Quantitative ultrasound

R
Radial artery, 671
Radial collateral ligament, 131
Radial deviation, 28, 132

PA projections of, 157, 157f, 157b
Radial fossa, 129
Radial head

axial lateromedial projections of, 170, 170f, 170b
lateral projections of, 170f–171f, 171, 171b

Radial notch, 128
Radial tuberosity, 128
Radial vein, 546f
Radiation

absorbed dose (Gy/rad), 57
effective dose (ED), 57, 60, 60t
equivalent dose (Sv/rem), 57
scatter, 65–66, 65f
SI units, 57–62, 57t
staff exposure, 610
traditional units, 57–62, 57t

Radiation oncologist, 755
Radiation oncology, 754
Radiation oncology nurses, 755
Radiation protection, 57

in abdominal radiography, 110
backscatter protection, 77
in chest radiography, 77–78
dose limits, 57–60
in fluoroscopy, 66
in lumbar spine radiography, 313, 313f, 341, 

341f
for patients, 60–62
for pregnant patients, 62, 62f
in shoulder radiography, 182
in sinus radiography, 418
in surgical radiography, 610–611
in thoracic spine radiography, 313
threshold for vision-impairing cataract, 66

Radiation safety, practices, 63–66
optimum speed, 63–64

Radiation therapists, 755
Radiation therapy, imaging and, 755
Radiation units, 57
Radioactivity, 749
Radiocarpal joint, 131, 131f
Radiofrequency (RF), 809
Radiofrequency (RF) coils, 790
Radiofrequency (RF) pulse, 809
Radiographic absorptiometry, 784
Radiographic consoles, 40, 40f
Radiographic examination or procedure, 18, 18f
Radiographic/fluoroscopic room, 735, 735f
Radiographic patient dose, 59–60, 59f, 59t–60t
Radiographic quality, exposure factors, 40
Radiographic skeletal survey (bone survey), 742, 

742f, 742b
Radiograph(s), 18, 18f

evaluation criteria for, 33, 33f, 33b
Radiography

computed, 52–54, 52f
definition of, 18
delayed, 510
digital, 52
examinations that deliver less than 10 mGy, 

62
examinations that deliver more than 10 mGy, 

62
minimum repeat, 60
patient protection in, 60–62
postevacuation, 519, 519f
postfluoroscopy, 519, 519f
special procedures, 728–743
surgical, 576, 606–615
in surgical suite, 606, 606f
viewing, 18, 18f, 38–39, 38f–39f

Radiological Society of North America, 66, 706
Radiologic technologists, 606
Radiology information system (RIS), 56
Radiolucent contrast media, 474
Radiolucent sponge blocks, 630
Radionuclide, 749
Radiopaque contrast media, 474
Radiopharmaceuticals, 747, 749
Radius (radii), 128

head of, 128
Ramus, 402, 402f
RANKL ligand (RANKL), 784
RDS. See Respiratory distress syndrome
Reabsorption, 505
Reached Exposure Value (REX), 41
Real-time imaging, 757
Receiver coil, 809
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Receptor exposure, 40–43
exposure indicator and, 41–42, 42f, 42t
factors affecting, 42–43

Receptors, image, 52–54
Reclast (Zoledronic acid), 784
Rectal ampulla, 503, 503f
Rectal tip insertion, 516–517, 516f
Rectum, 103, 502, 502f, 504f

anatomy of, 503, 503f
female, 543f, 734f
male, 543f

Recumbent lateral position scapula projections, 
208, 208f, 208b

Recumbent left lateral position, 23, 23f
Recumbent left posterior oblique position, 23, 23f
Recumbent position, 22
Recumbent right anterior oblique position, 23, 23f
Red blood cells (RBCs), 10, 662
Reduction, 625

closed, 580, 619, 625
open, 580, 619, 625
postfracture, 580

Regional enteritis, 112, 506–507
Reiter syndrome, 227
Relationship terms, 27
Relaxation, 792

T1, 792, 792f
T2, 792, 792f

Relaxation time, 809
Rem units, 57
Renal agenesis, 555
Renal artery, 541f
Renal blood vessels, 540, 540f
Renal calculi, 558, 558f
Renal capsule, 541
Renal cell carcinoma, 558
Renal columns, 541
Renal cortex, 541, 541f
Renal hypertension, 558
Renal medulla, 541, 541f
Renal obstruction, 558
Renal papilla, 541, 541f
Renal parenchyma, 541
Renal pelvis, 542

duplication of, 556
Renal pyramids, 541
Renal sinus, 541
Renal vein, 540
Repeat radiographs, minimum, 60
Repetition time (TR), 809
Reproducibility, 787
Reproductive organs

female, 543, 543f
male, 543, 543f

Reproductive system, 5, 5f
female organs, 734, 734f

Resistive magnet, 809
Resistive magnets, 793
Resolution, spatial, 40, 44–45

in digital imaging, 49
Resonance, 792, 809
Resonance frequency, 809
Respiratory distress syndrome (RDS), 87
Respiratory system, 5, 5f, 69, 69f
Rest cardiac imaging, 748
Retention, 555
Retention catheters, 515
Retraction, 30, 30f
Retrograde cholangiopancreatography, endoscopic, 

733f
Retrograde cystography, 562

procedure for, 562, 562f
purpose of, 562

Retrograde pyelogram, anatomy review with, 544, 
544f

Retrograde urethrography, 563, 563f
Retrograde urography, 562, 625

anatomy demonstrated, 618, 618f
equipment and setup, 618
modified lithotomy position for, 618, 618f
procedure for, 562, 562f
procedure overview, 618
procedure summary, 618

Retrograde urography (Continued)
purpose of, 562
surgical procedure, 618

Retromammary space, 763
Retroperitoneal organs, 107, 107t, 543
Retrospective ECG gating, 723
Reverse trendelenburg position, 22, 22f
Rhese method, 409, 409f, 438, 438f
Rheumatoid arthritis, 136, 184, 782
Rhodium, 767
Rhythmic segmentation, 505
Rib articulations, 306, 306f
Rib cage, 367, 367f
Rib fractures, 373

radiographic indications of, 633
Ribs, 9, 68, 366–367, 763

above diaphragm, 370, 370f
AP oblique projections, 380, 380f–381f, 

380b
AP projection, 378, 378f, 378b
PA projection, 379, 379f, 379b

below diaphragm, 370, 370f
AP oblique projections, 380, 380f–381f
AP projection, 378, 378f, 378b

exposure factors, 370
false, 366, 366f
floating, 366, 366f
inferior view of, 366, 367f
positioning considerations for, 370–371
posterior, 76, 76f
posterior view of, 366–367, 367f
projections, 373
recommended projections, 371, 371f
SID, 370
site of injury, marking of, 371
true, 366, 366f

Rickets, 227
Right anterior oblique (RAO) positions, 23, 23f
Right atrium, 663, 663f
Right bronchus, 72
Right cerebellar hemisphere, 712, 712f
Right colic flexure, 103
Right common carotid artery, 665
Right hemidiaphragm, 74
Right lateral abdomen, 119, 120f
Right lateral decubitus position, 24, 24f
Right lateral dorsal decubitus position, 24, 24f
Right lateral plane, 108
Right lateral position, 23, 23f
Right lateral ventral decubitus position, 24, 24f
Right lower quadrant (RLQ), 108
Right lung, 72f

lobes of, 72
Right maxillary bones, 398–399, 398f
Right posterior oblique (RPO) position, 23, 23f
Right subclavian artery, 665
Right transthoracic lateral shoulder, 26, 26f
Right upper quadrant (RUQ), 108
Right ventricle, 663, 663f
Right vertebral artery, 665
Robert method, modified, 144, 144f, 144b
Romosozumab (Evenity), 784
Rosenberg method, 252, 252f–253f, 253b
Rotated lateral knee, 222, 222f
Rotation, 31, 31f

lateral (external), 29
medial (internal), 29

Rotator cuff, 731
Rotator cuff injury, 184
Round window, 396–397
Rules for specific-area shielding, 64
Runner’s knee, 226

S
Sacral canal, 335
Sacral foramina, 335
Sacral horns, 335, 335f
Sacraum

anatomy of, 335
anterior view of, 335, 335f
lateral view of, 335, 335f
posterior view of, 335, 335f

Sacroiliac joints, 274, 274f
AP axial projection of, 361, 361f, 361b
posterior oblique position projections of, 362, 

362f, 362b
Sacrum, 269, 269f, 300, 333–364, 503f

digital imaging of, 342–343
positioning for, 340–344
radiographic examination of

AP axial, 358, 358f, 358b
indications of, 343
lateral sacrum and coccyx position, 360, 360f, 

360b
projections, 345

topographic landmarks for, 340
Saddle joints, 13, 13f, 130, 216
Safety

in barium enema procedures, 514b
in bone densitometry, 786–787
with geriatric patients, 314
with pediatric patients, 342
in trauma radiography, 584, 587, 597

Sagittal images, 19, 19f
Sagittal plane, 19, 698, 809
Sagittal section, 19
Sagittal suture, 392
Salivary glands, 462–463, 463f
Salter-Harris fractures, 637, 637f
Sampling, 703
Sampling frequency, 49
Sandbags, 630
Sarcoma

chondrosarcoma, 226, 279
Ewing, 137, 226
osteogenic, 137, 226
osteosarcoma, 137

Scanograms, 705, 705f, 724
Scaphoid, 126, 214
Scaphoid fat stripes, 133, 133f
Scaphoid projections, PA, 154, 154f–155f, 155b

axial, 154, 154f–155f, 155b
Scapula, 68, 176

anatomy of, 178, 178f
anterior view, 178, 178f
lateral view, 178, 178f
posterior view, 178, 178f

erect position, 207, 207f, 207b
projections of

AP, 179, 179f, 206, 206f, 206b
AP oblique, scapular Y, lateromedial, 592, 

592f
inferosuperior axial, 179, 179f
lateral, 179

recumbent position, 208, 208f, 208b
PA oblique, 179, 179f
sample radiographs for critique, 209, 209f

Scapulae, 9
Scapulohumeral joint, 178, 178f, 180
Scatter correction software, 50
Scatter radiation, 65–66, 65f

control, 50
SCFE. See Slipped capital femoral epiphysis
Scheuermann disease, 316, 637
Schuller method, 448, 448f
Sciatica, 343
Scintillation, 749
Scintimammography, 770
Scoliosis, 301, 301f, 301t, 343

AP or PA projections, 351, 351f–352f, 352b
Ferguson method, 354, 354f, 354b
right and left bending, 355, 355f, 355b

erect lateral position projections, 353, 353f, 
353b

“Scottie dog”, 338, 338f
Screws

cancellous, 625
cannulated, 620, 620f, 625
cortical, 625

Scrotal ultrasound, 759
Scrotum, 543, 543f
Scrub cover, 615
Scrub(s), 607, 607f, 615, 615f
Secondary osteomyelitis, 414
Sectional images, 19
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Segmental fracture, 578
Seldinger over-the-wire technique, 695, 695f
Seldinger technique, 675–676, 675f–676f
Selective estrogen receptor modulators (SERMs), 

783
Sellar joints, 13, 13f, 216
Sella turcica, 390, 667, 712, 712f

articulations, 391
lateral view of, 390f, 391

Semiaxial anteroposterior (AP) projection,  
94, 94f

Semicircular canals, 396
Semierect chest radiography, 92, 92f, 92b
Semilunar notch, 129
Seminal vesicles, 543, 543f
Semitubular plate, 625
Sensitivity (S) number, 41
Sentinel node studies, 770–771
Septal cartilage, 401
SERMs. See Selective estrogen receptor  

modulators
Serosa, 734, 734f
Sesamoid bones, 8, 8f
Sesamoids

anatomy of, 213, 213f
tangential projection of, 231, 231f, 231b

Sestamibi, 770
Settegast method, 261, 261f
Shaken baby syndrome, 633
Sheets or towels, wrapping with, 630, 630f
Shielding

breast shields, 182
bucky slot, 477, 477f
cardinal principles of, 477, 477t
gonadal, 63f, 64, 110, 182

female, 110f
male, 110f

guidelines for, 277
lead aprons, 612, 615f
lead drape, 477
in lower limb radiography, 224
lung shields, 182
rules for, 64
in sinus radiography, 418
in surgical radiography, 612
tabletop, 341
thyroid shields, 66, 182
in upper limb radiography, 134
vinyl-covered lead shields, 63, 63f

Shoe covers, 615, 615f
Shoe(s), 615
Short bones, 9, 9f
Shoulder arthrography, 183, 731

accessory equipment for, 731
clinical indications for, 731
contrast media for, 731
CT angiography, 731, 731f
imaging equipment for, 731
MRA, 731
needle placement and injection process, 731, 

731f
positioning and imaging sequence, 731
purpose of, 731
spot imaging of, 731, 731f
suggested imaging sequence for, 731

Shoulder CT, 183
Shoulder fracture or dislocation, 184, 576f

positioning for radiography of, 592–593, 592f–
593f

Shoulder girdle(s), 124, 175–210
arthrography of, 183
digital imaging considerations, 183
exposure factors, 183
inferosuperior axial

Clements modification, 192, 192f, 192b, 
196b

Lawrence method, 191, 191f, 191b
inferosuperior axial, in trauma, 592, 593f
joints of, 180, 180f, 180t
radiographic anatomy of, 176–180, 176f
radiographic examination of

exposure considerations, 182
geriatric, 183

Shoulder girdle(s) (Continued)
indications for, 183–184, 184t
in obese patients, 183
pediatric, 183
positioning for, 181–184
radiation protection, 182
sample radiographs for critique, 209, 209f
technical considerations, 182

radiographic examination of, in trauma, 
592–593, 592f–593f

radiographic projections of AP
external rotation, 189, 189f, 189b
with filters, 182, 182f
internal rotation, 190, 190f, 190b
neutral rotation, 198, 198f, 198b

superoinferior transaxillary projection, 194
tangential

Fisk modification, 197, 197f, 197b
Neer method, 201, 201f, 201b
transthoracic lateral (Lawrence method), 

199f, 199b
in trauma, 592, 592f

AP apical oblique axial (Garth method), 202, 
202f, 202b

apical AP axial, 196, 196f, 196b
AP oblique (Grashey method), 195, 195f, 

195b
PA oblique, 200, 200f, 200b
PA transaxillary (modified Bernageau 

method), 193, 193f, 193b
Shoulder joint, 178

anatomy of, 731f
average adult, 182
classification of, 14
movements of, 31, 31f

Shoulder MRI, 183
Shower curtain, 625
SID. See Source image receptor distance
Siemens Mobilett Plus, 581f
Sieverts (Sv), 57
Sigmoid colon, 103, 107, 502, 502f
Signal-to-noise ratio (SNR or S/N), 51, 51f, 790, 809

high, 51, 51f
low, 51, 51f

Signing informed consent forms, 546
Silicone breast implants, 772

leakage from, 771, 771f–772f
rupture of, 772

Silicosis, 86
Sims position, 516–517, 516f
Single-energy x-ray absorptiometry, 784
Single-photon emission computed tomography 

(SPECT), 747, 749
Single voxel spectroscopy (SVS), 807
Sinus exudate, 414
Sinusitis, 414

maxillary, 422
sonography for, 422

Sinus radiography
alternative modalities, 422
erect position, 418, 418f, 420, 420f
exposure factors, 421
geriatric, 421
hygiene during, 418
lateral position, 449, 449f
patient comfort during, 418
patient shielding during, 418
pediatric, 421
positioning considerations, 418
positioning errors, 419, 419f
projections, 422

lateral, 449, 449f
modified PA, 421f
PA (Caldwell method), 450, 450f
parietoacanthial (Waters method), 420, 420f, 

451, 451f
parietoacanthial transoral (open-mouth Wa-

ters), 453, 453f
PA skull, 420, 420f
SMV, 452, 452f, 456, 456f
special, 420

radiation protection in, 418
radiographs for critique, 456, 456f

Sinus radiography (Continued)
recumbent position, 418
source-image receptor distance (SID), 418

Sinus tarsi, 214
Site of injury, for rib, 371
Situs inversus, 77, 500, 500f
SI units, 57–62, 57t
Skeletal anatomy, 7–10
Skeletal muscle, 6
Skeletal survey, 633
Skeletal system, 4, 4f

functions of, 4
pediatric, 637, 637t

Skeletal trauma, 576–580
Skeleton

appendicular, 8, 8f, 8t
axial, 7, 7f, 7t

Skier thumb, 136
Skin, 6
Skin injury, 65
Skull, 386–393, 386f

base plane, 20
brachycephalic, 415, 415f
CT reconstruction of, 422, 422f, 720, 720f
dolichocephalic, 415, 415f
fibrous joint, 403
fractures, 412
joint classifications, 403, 403t
mesocephalic, 415, 415f
morphology (classifications by shape and size), 

415
occlusal plane, 20
planes of, 20, 20f
radiographic anatomy of, 386–414
synovial joint, 403, 403t
3D CT images of, 720, 720f

Skullcap, 386
Skull morphology, 415
Skull positioning aids, 417, 417f
Skull radiography

AP axial, 30° (Towne), 603, 603f
AP reverse Caldwell, 602, 602f
lateral, 662, 662f
lateral position, 424, 424f
lateral projection, 650, 650f, 650b
positioning considerations, 415
positioning errors, 419, 419f
radiographs for critique, 454, 454f

lateral, 454, 454f
PA, 426, 426f

in trauma, 601, 601f
Slice, 724
Sliding hiatal hernia, 484, 484f
Slipped capital femoral epiphysis (SCFE), 279
Slip rings, 724
Small bowel enema, 511
Small bowel follow-through, 500
Small bowel obstruction, 507
Small bowel-only series, 509b, 510
Small bowel series, 500, 500f, 506f

clinical indications for, 506–508, 506t
contraindications to, 506
definition of, 506
delayed radiographs, 510
double-contrast (enteroclysis), 509b,  

510–511
fluoroscopic study, 510
geriatric, 523
imaging method, 511
intubation method (single-contrast), 509b, 511, 

511f
PA projections, 504f, 525–536, 525f–526f, 

525b
patient preparation for, 511
pediatric, 523
pregnancy precautions, 511
procedures, 509–511
prone position, 511
purpose of, 506
radiographs, 504, 504f
review of images, 509
single-contrast (intubation method), 509b, 511, 

511f
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Small bowel series (Continued)
small bowel-only procedure, 509b, 510–511
upper GI-small bowel combination procedure, 

509–510, 509b
Small cardiac vein, 664, 664f
Small intestine, 103, 103f, 107, 466, 466f, 500

anatomy of, 501, 504
barium-filled, 501f
CT cross-sectional image of, 501, 501f
differentiating characteristics of, 503
digestive functions of, 505, 505t
digestive movements throughout, 505
location of, 503f
position of, 503
radiographic examination of, 500, 500f
radiographic images of, 103, 103f
sectional differences of, 501

Small saphenous vein, 672
Smith fracture, 136, 579, 579f
Smoothing, 55
Smooth muscle, 6
Snap covers, 615
Society of Diagnostic Medical Sonography, 760
Soft palates, 69, 463
Soft tissue window settings, of musculoskeletal 

CT, 719
SOG. See Supraorbital groove
SONAR. See Sound Navigation And Ranging
Sonographers, 760
Sonographic dictation, 761
Sonography, 460, 756–761, 756f

abdominal, 112, 758
advances in, 757
advantages of, 460, 757
A-mode (amplitude mode), 757
B-mode (brightness mode), 757
brain imaging, 422
breast, 759, 759f
cardiac, 759
of carpal canal (tunnel), 158, 158f–159f
of chest, 84
in child abuse, 633
clinical applications, 758–760
contrast-enhanced ultrasound (CEUS), 757–758
conventional scanners, 770
cranial studies, 422
definition of, 756–761, 756f
digital systems, 769
Doppler, 757
fetal studies

M-mode, 757
3D, 757

gynecologic imaging, 759
handheld transducer, 770
of hip, 278
history of, 756–758, 756f
limitations of, 758
lower GI, 524
M-mode (motion mode), 757, 757f
musculoskeletal imaging, 760
obstetric scans, 759, 759f
parathyroid, 759
physical principles of, 756–758, 756f
preparation for, 635
quantitative ultrasound, 785, 785f
real-time imaging, 757
scrotal, 759
of shoulder, 183
sonographic dictation, 761
3D fetal studies, 757
thyroid, 759
transducers and probes for, 756, 756f
in trauma, 584

Sonography team, 760
Sonologists, 760
Sound Navigation And Ranging (SONAR), 756
Source image receptor distance (SID), 40–41, 

46, 46f
in lower limb radiography, 224
in lumbar spine radiography, 342

Spatial resolution, 40, 44–45, 790, 809
in CT, 699
definition of, 44

Spatial resolution (Continued)
in digital imaging, 49
factors, 45
motion, 44–45

Specific absorption rate (SAR), 798, 809
Specific energy dose (SED), 798, 809
SPECT. See Single-photon emission computed 

tomography
Spectral CT, 700
Speed, optimum, 63–64
Sphenoid, 392
Sphenoid bones, 390–391, 408

lateral view of, 390, 390f
oblique view of, 390, 390f
superior view of, 390, 390f

Sphenoid effusion, 405
Sphenoid sinuses, 391, 404–405, 405f
Sphenoid strut, 409
Spheroidal (ball-and-socket) joints, 14, 14f, 180
Sphincter of Oddi, 459, 459f
Spin, 809
Spina bifida, 343, 637
Spina bifida occulta, 637
Spinal canal, 300
Spinal cord, 300, 707, 708f, 712f

anatomy of, 707, 707f
coverings of, 707–708

Spinal CT, 315, 703f, 719
Spinal curvature, terms, 301t
Spinal fusion, 622, 625

hyperextension projections, 356, 356f, 356b
hyperflexion projections, 356, 356b, 357f
interbody fusion cages, 622, 622f
lateral position projections, 356, 356f–357f, 

356b
lumbar laminectomy-fusion, 622, 622f

Spinal MRI
T1-weighted, 802, 803f
T2-weighted, 802, 803f

Spinal radiography
surgical procedures, 622–623
in trauma, 583, 583f

Spinal stenosis, 622, 625
Spin angular momentum, 791
Spin density, 792, 809
Spine

hyperextension of, 28, 28f
normal flexion of, 28, 28f

Spin echo (SE), 800
Spine CT, 719
Spine radiography, 314
Spinous process, 302

cervical, 304
lumbar, 334

Spiral fractures, 578, 578f
Spiral scanning, 725
Spiral valve, 459
Spleen, 104, 104f, 107, 502f
Splenic flexure, 103, 103f, 502
Splintered fracture, 578
Spondylitis, 316
Spondylolisthesis, 343
Spondylolysis, 343
Spondylosis, 316
Sponge block, 630
Spongy bone, 9
Spot imaging

of air enema, 658
of fluoroscopy, 519
of ileocecal valve, 504, 504f, 525, 525f
of knee, 730f
of lumbar myelogram, 738, 738f
pediatric, 658
of shoulder arthrography, 731, 731f

Sprain, 577
Sprue, 508
Spur, 394
Squamosal sutures, 392
Squamous portion, 388–389
Staff radiation exposure, 610
Staghorn calculus, 558, 558f
Stapes, 396
Static magnetic field (B0), 809

Stecher method, modified, 155
Stellate fracture, 580, 580f
Stenosis, biliary, 461
Stent-graft, 690

placement, 690–691, 691f
Sterile areas, 613

surgical asepsis for, 613, 613f
ways to maintain, 613, 613f

Sterile fields, 613–614
Sternal angle, 312, 312f, 367, 367f–368f
Sternal rib articulations, 367, 368f
Sternoclavicular joints, 177, 177f, 180, 367, 367f

anterior oblique position, 377, 377f
computed tomography of, 372, 372f
projections of, 373

PA, 376, 376f, 376b
Sternocostal joint, 368

positioning considerations for, 370–371
Sternum, 9, 68, 312, 312f, 366

fractures of, 373
palpable landmarks of, 367, 367f
positioning considerations for, 369, 369f

collimation, 369
exposure factors, 369, 369f
lateral position, 375, 375f, 375b
RAO position, 374–382, 374f, 374b
source-image receptor distance (SID), 369

radiographs for critique, 383, 383f–384f
Sthenic patients, 15, 15f
Stomach, 103, 103f–104f, 107, 466–468, 466f, 

501f
air/gas-barium, 467, 467f
angular notch, 466, 466f
barium-filled, 466f, 501f
cardiac notch, 466, 466f
coronal section, 467f
erect position, 467, 467f
frontal view, 466f
mucosal folds, 467, 467f
openings and curvatures, 466
position, 467, 467f
prone position, 467, 467f
pyloric orifice, 466, 466f
radiographic images of, 103, 103f
radiographic study

AP projections, 467f
RAO, prone position, 467f

subdivisions, 466
supine position, 467, 467f

Straight-through-the-needle-catheter, 546, 546f
Stress fracture, 580
Stress/rest cardiac imaging, 748
Stretcher patients, 89, 89f, 89b
Strictures, 732
Strike-through, 625
Stroke, 717, 718f
Students, 760
Styloid process, 128, 394
Subarachnoid cisterns, 711, 711f
Subarachnoid hemorrhage, 717, 718f
Subarachnoid space, 707–708, 707f–708f, 711
Subclavian artery, 671
Subcutaneous fat, 764
Subcutaneous ports, 692
Subdural hematoma, 704f, 717, 717f–718f
Subdural space, 707f, 708
Sublingual gland, 463, 463f
Subluxation, 577, 577f
Submandibular gland, 463, 463f
Submentovertical (SMV) projections, 26, 26f, 402, 

402f, 427, 427f, 435, 435f, 443, 443f, 452, 
452f

Paranasal sinuses, 407, 407f
Subscapular fossa, 178
Subtalar joint, 214
Subtraction, 55, 55f
Subtrochanteric fractures, 620, 620f
Sunrise/skyline projections (Hughston method), 

260, 260f
Superciliary ridge, 416
Superconducting magnets, 793–794, 794f, 809
Superconductivity, 809
Superficial dorsal vein, 546f
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Superficial location, 27, 27f
Superficial parts, 760
Superior articular processes, 302, 302f

cervical, 304f, 305
lumbar, 334, 338
sacral, 335
thoracic, 306

Superior conchae, 401
Superior direction, 27
Superior mesenteric artery, 670, 670f
Superior mesenteric vein, 671
Superior nasal conchae, 391, 391f
Superior orbital fissures, 390, 409
Superior ramus, 270, 285f
Superior sagittal sinus, 668
Superior vena cava, 75, 663, 664f, 669, 669f
Superior vertebral notch, 303, 303f, 334
Superior view, of orbital cavity, 713
Superoinferior axial projections, 25, 25f
Superomedial-inferolateral oblique projection, 777
Supination, 30, 30f
Supinator fat stripe, 133, 133f
Supine position, 22, 22f
Supraorbital groove (SOG), 387
Supraorbital margin (SOM), 387
Supraorbital notch, 387
Suprapatellar bursa, 221
Suprarenal glands, 105, 538
Suprascapular notch, 178
Supraspinatus outlet, 201, 201f, 201b
Supraspinatus tendon tear, 184, 184f
Supraspinous fossa, 178
Suprasternal notch, 68, 367
Surgeon, 607, 607f
Surgical asepsis, 613, 613f
Surgical assistant, 607
Surgical attire, 615, 615f
Surgical implants, 772
Surgical masks, 615, 615f
Surgical radiography, 575–626

biliary tract procedures, 616–617
C-arm orientation, 611
essential attributes of radiologic technologists 

for, 606
exposure patterns, 611, 611f
patient dose, 611
procedures, 616–625
radiation protection in, 610–611
shielding in, 612
spinal procedures, 622–623
terminology for, 576
thoracic procedures, 624
urinary tract procedures, 618

Surgical radiography imaging equipment, 
608–610

cleaning, 608
location of, 608
operational checks, 608

Surgical suite, 613–614
nonsterile area, 613
radiography in, 606, 606f
sterile area, 613

Surgical team, 607, 607f, 612
Surgical terminology, 619, 625
Sustentaculum tali, 214
Sutural bones, 392
Sutures (cranial), 11, 392, 403
Swimmer’s lateral horizontal beam, 739, 739f
Swimmer’s lateral position, for cervical spine radi-

ography, 323, 323f, 323b
in trauma, 599, 599f

Symphysis, 12, 402, 734f
Symphysis menti, 402
Symphysis pubis, 109, 268, 268f, 270, 340, 340f, 

543, 543f
female, 543, 543f

Symphysis subtype, 274
Synarthrodial joints, 11, 274, 368, 403
Synarthrodial-type joints, 392, 392f
Synchondroses, 12
Synchondrosis subtype, 274
Syncope, 555
Syndesmoses, 11

Syndesmosis type, 223
Synovial classification, 131
Synovial fluid, 12
Synovial joints, 12–14, 12f, 130, 180, 216, 223, 

274, 274t, 306, 403, 403t
movement types, 12–14

Synovial membrane, 221
Syringes, 545, 545f
System, 3
Systemic anatomy, 4–6
Systemic circulation, 662, 663b
Systemic reactions, to contrast media, 553–554

mild reactions, to contrast media, 553, 553f, 
553t

moderate reactions, 553, 553t
severe reactions, 553, 554t

T
T1 contrast weighting, 799
T1 relaxation, 792, 792f, 799, 809
T1-weighted MRI, 799, 800f

brain imaging, 802
knee imaging, 803
spine imaging, 802, 802f

T2 relaxation, 792, 792f, 800, 809
T2-weighted MRI, 802

abdominal imaging, 803, 803f
brain imaging, 802, 802f
knee imaging, 803
spine imaging, 802, 802f

Tachycardia, 555
Taeniae coli, 503, 503f
Talipes (clubfoot), 637
Talocalcaneal joint, 214
Talus, 214–216, 214f–215f, 215b
Tam-em board, 629, 629f
Tangential projections, 25, 25f

examples, 25
Fisk modification, 197, 197f, 197b
Hobbs modification, 262, 262f, 262b
Hughston method, 260, 260f
inferosuperior, 260, 260f
Merchant bilateral method, 259, 259f
Neer method, 201f, 201b
Settegast method, 261, 261f
toes–sesamoids, 231, 231f, 231b

Tape, 630
Tarsal bones, 214
Tarsals, 9, 214–215, 214f–215f, 215b
Tarsal sinus, 214
Tarsometatarsal (TMT) joints, 213, 223b
Taylor method, 284
TEA. See Top of ear attachment
Teardrop burst fracture, 316
Technetium-99m (99mTc), 747, 749
Technical factors, 40
Technologist initials, 34
Technologists

first meetings with patients and parents, 628, 
628f

introducing yourself, 628
radiation exposure, 706

Technologist workstation, 54
Tegmen tympani, 395
Telemammography, 769
Temporal bones, 389, 404f

articulations of, 389
computed tomography of, 395–396, 395f
CT of, 715f
frontal cutaway view of, 389, 389f
lateral view of, 389, 389f
pathology, 412
superior view of, 389, 389f

Temporal lobe, 709, 709f
Temporal resolution, in CT, 699
Temporomandibular (TM) fossa, 389
Temporomandibular joint (TMJ), 14, 402–403, 

403f
arthrography of, 728
closed-mouth positions, 403, 403f
CT imaging of, 422
MRI evaluation of, 422

Temporomandibular joint (TMJ) (Continued)
open-mouth positions, 403, 403f
projections of

AP axial (modified Towne method), 446, 
446f

axiolateral (Schuller method), 448, 448f
axiolateral oblique (modified Law method), 

447, 447f
radiographs, 403, 403f

Temporomandibular joint (TMJ) syndrome, 414, 
422

10-day or LMP (last menstrual period) rule, 62
Tenaculum, 735
Tendonitis, 184
Teriparatide (Forteo), 784
Terminal ileum, 502, 502f
Terminology

for back and front portions, 20
biliary, 460t
CT, 698, 724
fracture, 576–580
fracture alignment, 577
general terms, 18
mammography, 774, 774t
movement terms, 28–31
orthopedic surgical, 619
positioning, 18–32, 31t
projection terms, 21
relationship terms, 27
skeletal trauma, 576–580
special use projection terms, 25
spinal curvature, 301t
for surfaces of hands and feet, 20
surgical, 625
wrist joint movement, 132

Tesla (T), 793, 809
Tesla, Nikola, 793
Testes, 543, 543f
Teufel method, 288
Thalamus, 708f, 709, 712–713, 712f–713f
Thermal index (TI), 758
Third ventricle, 710–712, 710f–711f
30° (Towne), 423, 423f
Thoracic angiography, 683

purpose of, 683
Thoracic aortogram, 683, 683f
Thoracic arteries, 669, 669f
Thoracic cavity

anteroposterior diameter, 76
transverse diameter, 76
vertical diameter, 76

Thoracic circulatory system, 669
Thoracic spine, 299–332, 311t

anatomy of, 300–311
AP images of, 309, 309f
digital imaging of, 314
lateral images of, 309, 309f, 311, 311f
oblique (LAO) view of, 311
oblique (LPO) view of, 311, 311f
topographic landmarks of, 312, 312f

Thoracic spine radiography, 311, 311f
alternative modalities and procedures, 315
anterior oblique position, 330, 330f, 330b
AP projection, 328, 328f, 328b
compensating strategies for, 313
erect, 313
erect anterior oblique position, 330, 330f
exposure factors, 313
focal spot size, 313
geriatric, 314
indications for, 315–316
lateral, 313f
lateral position, 329, 329f, 329b, 600, 600f
in obese patient, 314
oblique position, 330, 330f
part-IR alignment, 313f, 314
pediatric, 314
positioning for, 312–317
posterior oblique position, 330, 330f
projections, 317
quality factors, 313–314
radiation protection, 313
recumbent, 313
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Thoracic spine radiography (Continued)
samples radiographs for critique, 331, 331f–332f
scatter radiation, 314
SID, 313
technical factors, 313–314
in trauma, 600, 600f

Thoracic spine skeleton, 311, 311f
Thoracic veins, 669, 669f
Thoracic vertebrae, 68, 300, 306f–307f

characteristics of, 306–307
distinguishing features of, 309t
lateral oblique view of, 306, 307f
lateral view of, 306, 307f
superior view of, 306, 307f

Thoracic viscera, 68
Thorax

bony, 68, 68f
joints, 368t
surgical radiographic procedures, 624

3D breast tomosynthesis, 773, 773f
3D reconstruction

CT, 720
skull, 720, 720f

Thrombectomy, 692–693, 692f
Thrombolysis, 692–693, 692f
Thumb (first digit), 125

AP axial projection, 144, 144f, 144b
AP projection, 141, 141f, 141b
first carpometacarpal joint of, 13
lateral position, 143, 143f, 143b
PA projection, 141, 141f

medial rotation, 142, 142f, 142b
PA stress projection (Folio method), 145, 145f, 

145b
phalanges of, 124
trauma radiography, 590f

Thymus gland, 71, 71f, 75
Thyroid cartilage, 69, 312, 312f, 665
Thyroid gland, 69, 71, 71f
Thyroid shielding, 182
Thyroid shields, 66
Thyroid sonography, 759
Thyroid uptake measurements, 748–749
Thyroid uptake studies, 748–749
TI. See Thermal index
Tibia, 216, 218f

anatomy of, 218
AP projections of, 222, 222f, 246, 246f, 246b
lateral projections of, 222, 222f
mediolateral projections, 246, 246f, 246b

Tibial plafond, 216
Tibial plateau, 218
Tibial sesamoid, 213
Tibial spine, 218
Tibial tuberosity, 218
Tilt, 31, 31f
Time indicators, 34
Time-varying (gradient) magnetic field (dB/dt), 

809–810
Time-varying magnetic fields, 798–799
Tissue dose, 61
Tissue heating, 798
Tissue(s), 3

associated CT numbers, 703, 703t, 724
connective, 3
epithelial, 3
muscular, 3
nervous, 3

Toes, 212
AP oblique projections of, 229, 229f, 229b
AP projection of, 228–262, 228f, 228b, 595f
joints of, 213
lateral-mediolateral or lateromedial projections 

of, 230, 230f, 230b
tangential projection of, 231, 231f, 231b
in trauma, 595f

Toe-touch maneuver, 482, 482f
Tomography, 698

computed, of chest, 84
conventional, 743
panoramic (orthopantomography), 444, 444f–

445f
Tomosynthesis, digital breast, 773, 773f

Tongue, 463, 463f
Top of ear attachment (TEA), 395, 395f
Topographic landmarks, 37, 37f
Torque, 798, 810
Torus fracture, 578
Total joint arthroplasty, 625
Tourniquet, 547, 547f
Towels, wrapping with, 630, 630f
Towne method

for cranium, 603, 603f
for mandible, 442, 442f
modified

for temporomandibular joint (TMJ), 446, 
446f

for zygomatic arch, 437, 437f
radiographs for critique, 454, 454f
for skull, 423, 423f, 603, 603f, 649, 649f, 649b
for temporomandibular joint (TMJ), 446, 446f

Trabeculae, 764
Trachea, 70–71, 71f, 75, 463, 463f

sectional image, 71, 71f
Traction, 625
Tragus, 416
Transducers, 756, 756f
Transesophageal echocardiography, 759
Transitional vertebra, 316
Transjugular intrahepatic portosystemic shunt, 692, 

692f
Transmit coils, 810
Transoral projection, parietoacanthial, 453, 453f
Transpyloric plane, 108
Transthoracic cardiac imaging, 759
Transthoracic lateral projections, 26, 26f

of humerus, 188, 188f, 188b
Lawrence method, 199f, 199b

Transtubercular plane, 108
Transverse arch, 215
Transverse atlantal ligament, 305
Transverse colon, 103, 107, 502, 502f
Transverse foramen, 304
Transverse fractures, 578
Transverse images, 19, 20f
Transverse magnetization Mxy, 810
Transverse mesocolon, 107
Transverse plane, 810
Transverse process, 302

cervical, 305
coccygeal, 336
lumbar, 334, 338
thoracic, 306, 306f

Transverse sections, 19, 19f
Transverse sinus, 668
Trapezium, 126, 126f
Trapezoid, 126
Trauma

alternative modalities in, 584
CT scans in, 584, 717
skeletal, 576–580
sonography of, 584

Trauma radiography, 575–626, 576f
abdominal, 587–588, 587f–588f
adaptation positioning, 582f
cervical spine examinations, 322, 322f, 322b, 

582, 582f, 599, 599f
chest examinations, 84–87, 585f
cranial examinations, 601, 601f
elbow examinations (Coyle method), 170, 170f, 

170b
entire structure or trauma area included on im-

age receptor, 583, 583f
facial bone projections, 604, 604f
femoral examinations, 292
hip examinations, 598, 598f

axiolateral inferosuperior projection (Danelius-
Miller method), 292, 598, 598f

modified axiolateral projection (Clements-
Nakayama method), 295

knee examination, 221f
lower limb examinations, 594–595, 595f–596f
lumbar spine examinations, 600, 600f
maintaining safety in, 584
mandible examinations, 439, 439f
pelvic examinations, 597, 597f

Trauma radiography (Continued)
positioning for, 591f
principles to keep in mind, 582
shoulder examinations, 592–593, 592f–593f

AP apical oblique axial projection (Garth 
method), 202, 202f, 202b

AP projections-neutral rotation, 198, 198f, 
198b

PA oblique, 200, 200f, 200b
proximal humerus examinations, 187, 187f, 

187b, 199f, 199b
tangential projections (Neer method), 201f, 

201b
transthoracic lateral projections, 188, 188f, 

188b
in spinal injury, 583, 583f
thoracic spine examinations, 600, 600f
two projections 90° to each other with true CR-

part-IR alignment, 582, 582f
upper limb examinations, 134, 589–590, 

589f–591f
Trendelenburg position, 22, 22f
Trichobezoar, 483, 485t
Tricuspid valve, 663, 663f
Trigeminal nerve (CN V), 713
Triggering, 800
Trigone, 542, 542f
Trimalleolar fracture, 580
Tripod fracture, 414, 414f, 579
Triquetrum, 126
Trochlea, 129
Trochlear groove, 219
Trochlear nerve (CN IV), 713
Trochlear notch, 129
Trochlear process, 214
Trochlear sulcus, 129
Trochoid joints, 13, 13f
T-score, 783, 785
T-tube cholangiography, 732, 732f

accessory equipment for, 732
clinical indications for, 732
contraindications to, 732
contrast media for, 732
imaging equipment for, 732
injection process, 732
patient preparation for, 732

Tuberculosis, 87
Tuberosity, 212
Tuft fracture, 580, 580f
Tumors, 136, 752

11C-methionine imaging of, 753, 753f
18F-FDG imaging of, 753, 753f
carcinoid, 508
cartilaginous, 137
CNS, 753
cranial CT of, 717
measurement of, 704f

Turbo spin echo (TSE), 800
Tymlos (Abaloparatide), 784
Tympanic cavity, 394
Tympanic cavity proper, 394–395
Tympanic membrane, 394

U
Ulcerative colitis, 113, 512, 512f
Ulcers, 485f

of stomach, 485, 485t
Ulna (ulnae), 128, 128f

head of, 128
proximal, 128, 128f

Ulnar artery, 671
Ulnar collateral ligament, 131, 136
Ulnar deviation, 28, 28f, 127f, 132

PA axial scaphoid projections of, 154, 154f–
155f, 155b

sample radiographs for critique, 173f
Ulnar notch, 128, 128f
Ultrasound, 278, 756
Ultrasound system, 756, 756f
Uncinate process, 405
Undersampling, 703
Understanding, age of, 628
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Unilateral anterior ribs, 379
Upper airway, 69, 69f
Upper airway radiography, 71–72

AP projection, 99, 99f, 99b
lateral position, 71, 71f, 98, 98f, 98b
right lateral position, 98f
routine projections, 36

Upper gastrointestinal series, 462, 462f
alternative modalities and procedures, 489
with barium sulfate, 472, 472f
body habitus and, 488
cine loop capability, 476
clinical history and, 488
clinical indications for, 483–487, 483f
contraindications of, 483
definitions and purpose of, 483
digital fluoroscopy, 475–476, 475f
digital imaging considerations, 488
double contrast, 474, 474f
fluoroscopy, 472, 472f, 488
geriatric applications, 487
patient preparation for, 486
pediatric, 487

barium preparation, 487
postfluoroscopy routines, 487, 487f
room preparation, 487, 487f
table movements, 487, 487f

postexamination elimination, 474
postfluoroscopy imaging, 482
postfluoroscopy “overhead” radiograph, 475, 

475f
pregnancy precaution, 486
procedure, 483
room preparation for, 486, 486f
upper GI-small bowel combination procedure, 

509–510, 509b
Upper gastrointestinal system, radiographic proce-

dures, 472–489
Upper limb angiography, CT angiography, 722, 

722f
Upper limb arteries, 671, 671f
Upper limb radiography

alternative modalities and procedures, 135
centering for, 135
collimation, 135
digital imaging considerations, 135
distance, 134
evaluation of exposure indicators, 135
exceptions to rules, 37
exposure factors, 134
in geriatric patients, 134
image markers for, 135
image receptors, 134
pediatric, 134

AP and lateral projection, 643–644, 643f–
644f, 643b

AP projection, 643–644, 643f–644f, 643b
positioning for, 130, 134f

general rule, 135
in trauma, 590, 590f–591f

projections, 137
sample radiographs for critique, 171b, 172f–

174f, 172
shielding in, 134
in trauma, 134, 134f, 589–590, 589f–591f
viewing images, 39, 39f

Upper limb(s), 123–174
anatomy of, 124–133, 124f, 176–180, 176f
fractures of, 136
indications for, 136–137, 137t
movements of, 29, 29f

Upper limb veins, 671, 671f
Upper respiratory tract, 69
Upper teeth, 463, 463f
Upright markers, 34
Uremia, 555
Ureteric compression, 559–560, 559f

contraindications for, 559
Trendelenburg position, 560, 560f

Ureterogram, 618
Ureteropelvic (UP) junction, 542, 542f
Ureterovesical (UV) junction, 542, 542f

Ureters, 105, 538, 538f–539f
duplication of, 556
female, 543f
IVU radiograph of, 542f
male, 543f
points of constriction, 542, 542f
radiographic anatomy of, 542
size of, 542

Urethra, 105, 538, 538f
female, 543, 543f, 734f
male, 543, 543f

Urinary bladder, 105, 542–543
female, 543, 543f, 734f
functions of, 543
IVU radiograph of, 542f
male, 542, 542f
during pregnancy, 543, 543f
size and position of, 543, 543f

Urinary incontinence, 555
Urinary reflux, 555
Urinary system, 5, 5f, 105, 105f, 538, 538f

anatomy of, 538–544, 544f
congenital anomalies of, 556
functions of, 5, 540
sectional images of, 105, 105f

Urinary tract infection (UTI), 555, 638
Urine production, 540–541, 540f
Urogram, 618, 618f
Urography, 550–551

contrast media and, 550–551
CT, 564–565, 564f
digital imaging, 564
excretory, 105
intravenous, 105, 105f, 550

bariatric patient considerations, 564
geriatric applications, 564
pediatric applications, 564

retrograde, 562, 618, 625
routine and special projections, 565
summary of procedures, 564t
surgical procedures, 618

Urticaria, 555
Uterine fibroid embolization, 688, 688f
Uterine tubes, 543, 543f, 734
Uterus, 543f, 734
Uvula, 69

V
Vagina, 543, 543f, 734, 734f
Valgus, 29, 223, 577
Valgus deformity, 577, 577f
Valgus stress, 29, 29f
Valsalva maneuver, 482
Van Sonnenberg sump drain catheter, 695f
Van Sonnenberg sump drain-type catheter, 695, 

695f
Variable or operator-selectable filtration, 65
Varus, 29, 223, 223f, 577
Varus deformity, 577, 577f
Varus stress, 29, 29f
Vascular foreign bodies, 693, 693f
Vascular imaging, 756
Vascular interventional angiography, 688–693
Vascular-interventional (VI) technologists, 673
Veins, 662
Venipuncture, 545–549

administration of contrast agents, 545, 545f
alternative site for, 547, 547f
by bolus injection, 545, 545f
with butterfly needle, 547–548, 548f
by drip infusion, 545, 545f
equipment and supplies, 545, 545f
with over-the-needle catheter, 548, 548f
patient preparation for, 546
procedure, 547–549, 547f–548f

initiation of, 547, 547f
removal, 549, 549f

safety considerations for, 549
selection of vein for, 546, 546f
veins for, 546

Venous access devices, 691–692, 691f

Venous sinuses, 707–708, 707f
Ventral decubitus position, lateral, 24, 24f
Ventral recumbent position, 22
Ventral surface, 20
Vermiform appendix, 103, 502, 502f
Vermis, 712, 712f
Vertebrae, 9, 300

anatomy of, 302–303
cervical, 300
lumbar, 300, 334
thoracic, 68, 300
transitional, 316
typical, 302–303, 302f

Vertebral arch, 302
AP axial projection of, 327, 327f, 327b
lateral view of, 302, 302f
superior view of, 302

Vertebral bone scans, 343
Vertebral canal, 302
Vertebral column, 300, 300f

CT of, 343
curvatures of, 301, 301f, 301t
joints in, 303, 338
sections of, 300

Vertebral foramen, 302
Vertebral fractures, 787, 787f
Vertebral joints, 307t
Vertebra prominens, 68, 304, 312, 312f

CR chest-positioning with, 82, 82f
Vertebrobasilar arteries, 667, 667f
Vertebroplasty, 693, 693f
Vertical alignment, 612
Verticosubmental (VSM) projection, 26
Vesicorectal (vesicocolonic) fistula, 558
Vesicoureteral reflux, 638
Vestibular window, 396–397
Vestibule, 396–397
View, 32
Viewing CT or MRI images, 39, 39f
Viewing radiographic images, 18, 38–39, 38f–

39f
Villi, 501
Viral (interstitial) pneumonia, 86
Virtual colonoscopy, 720
Virtual endoscopy, 720–721, 720f
Virtual grid, 41–43
Visceral inversion, 77
Visceral peritoneum, 106
Visceral pleura, 73
Viscera, thoracic, 68
Vision-impairing cataract, 66
Visual centers, 714
Visual cortex, 714f
Visual pathway, 713–714, 714f
Vocal cords, 70
Voiding cystourethrography, 563, 573, 573f, 

573b
anatomy review, 544, 544f
contrast media and materials for, 659
indications for, 563
pediatric, 659–660, 659f–660f
postprocedure tasks, 660
preparation for, 659
procedure for, 563, 660
purpose of, 563
room preparation for, 659
shielding for, 659

Volume elements (voxels), 702, 702f, 725
attenuation of, 702
converting 3D voxels to 2D pixels, 702, 702f

Volume scanning
advantages of, 699–700
pitch with, 703

Voluntary motion, 44, 44f
Volvulus, 513, 638

abdominal, 112
cecal, 514, 514f

Vomer, 401, 401f
Voxels (volume elements), 702, 702f, 725

attenuation of, 702
converting 3D voxels to 2D pixels, 702, 702f

V Scan, 758f
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W
Wagging jaw projection (Ottonello method), 326, 

326f, 326b
Warning posters, 62f, 797, 797f
Warning sign, 62f
Washing hands, 547–549, 547f
Water, in CT numbers, 703
Waters method, 26, 26f

for facial bones, 420, 420f, 430, 430f
modified, 432, 432f
open-mouth (transoral), 453, 453f
radiographs for critique, 455, 455f
reverse (acanthioparietal), 26, 26f

for facial bones, 605, 605f
modified, 605, 605f

for sinuses, 420, 420f, 451, 451f
Water-soluble contrast medium, 515
Water test, 482, 482f
Weights: bilateral AP projection of AC joint with 

(Pearson method), 204–205, 204f–205f, 
205b

Wheelchair patients, 91, 91f, 91b
Whipple disease, 508
White blood cells, 662
White matter, 708f, 709
Whole-body PET scanning, 752, 752f
Willow stick fracture, 578
Wilms tumor, 638
Windowing, 55, 725
Window level (WL), 55, 703, 725
Window width (WW), 55, 703, 715, 725
WL. See Window level
Worker safety, 584
Workstations, 725

networking, 701, 724
technologist, 54

World Health Organization (WHO), 783
Wormian bones, 392
Wrapping with towels, 630, 630f
Wrist, bones of, 124
Wrist joint

anatomy of, 130, 130f
classification of, 13, 131t
deviation of, 28, 28f
dorsiflexion of, 28, 28f
fat pads, 133
flexion of, 28, 28f
movement terminology, 132, 132f
normal hyperextension of, 28, 28f

Wrist ligaments, 131
Wrist radiography

bilateral PA stress (clenched PA) projection, 156, 
156f, 156b

carpal bridge tangential projections, 160, 160f, 
160b

lateral rotation PA oblique projections, 152, 
152f, 152b

lateromedial projection, 153, 153f, 153b
minimum of three projections rule, 37, 37f
PA axial projections with ulnar deviation, 154, 

154f–155f, 155b
PA (AP) projections, 151, 151f, 151b

with hand elevated and ulnar deviation, 155, 
155f, 155b

with radial deviation, 157, 157f, 157b
positioning for, 590f
sample radiographs for critique, 171b, 172f–

174f, 172
tangential projections, 160, 160f, 160b
in trauma, 590f

WW. See Window width

X
Xiphoid process, 68, 109, 312, 366
Xiphoid tip, 312, 340, 340f, 367f
X-ray, 18

beam divergence, 46–48, 46f
X-ray equipment, 580–581
X-ray systems, 580–581, 580f
X-ray tubes, 699, 701, 767–768, 767f

Z
Z-axis, 792
Zenker diverticulum, 480, 480f, 480t
Zoledronic acid (Reclast), 784
Z-score, 785
Zygapophyseal joints, 303, 306, 310–311, 310f

anterior oblique, 339, 339f, 339t
bilateral lock of, 315
cervical spine, 304, 304f
classification of, 338, 339t
lumbar spine, 334, 339
posterior oblique, 339, 339f
radiographs of, 310, 310f
thoracic spine, 307, 311, 311f
unilateral subluxation of, 315

Zygoma, 400, 408
Zygomatic, 389
Zygomatic arch, 389, 400

AP axial projection of (modified Towne 
method), 437, 437f

oblique inferosuperior (tangential) projection of, 
436, 436f

submentovertical (SMV) projection of, 435, 435f
Zygomatic bones, 400

articulations, 400
Zygomatic process, 399
Zygomatic prominence, 400


