


Fundamentals 
oF sectional anatomy
An ImAgIng ApproAch second

edition

denise l. lazo, ma, Rt (R) (m)
AssocIAte professor And clInIcAl coordInAtor, 
communIty college of rhode IslAnd 
lIncoln, rhode IslAnd

Australia • Brazil • Japan • Korea • Mexico • Singapore • Spain • United Kingdom • United States



This is an electronic version of the print textbook. Due to electronic rights restrictions, some third party content may be suppressed. Editorial 
review has deemed that any suppressed content does not materially affect the overall learning experience. The publisher reserves the right to 

remove content from this title at any time if subsequent rights restrictions require it. For valuable information on pricing, previous
editions, changes to current editions, and alternate formats, please visit www.cengage.com/highered to search by

ISBN#, author, title, or keyword for materials in your areas of interest.



Fundamentals of Sectional Anatomy: An 
Imaging Approach, Second Edition
Denise L. Lazo

Product Director: Steve Helba

Associate Product Manager: Christina Gifford

Senior Director, Development: Marah Bellegarde

Product Development Manager: Juliet Steiner

Senior Content Developer: Natalie Pashoukos

Product Assistant: Cassie Cloutier

Vice President, Marketing: Jennifer Ann Baker

Marketing Director: Wendy Mapstone

Senior Production Director: Wendy A. Troeger

Production Manager: Andrew Crouth

Senior Content Project Manager:  
Kara A. DiCaterino

Senior Art Director: David Arsenault

Media Editor: Debbie Bordeaux

Cover Image(s): 
© Cessna152/ShutterStock.com 
© Mara008/ShutterStock.com 
© Allison Herreid/ShutterStock.com

Interior Design Images: 
© Cessna152/ShutterStock.com

© 2015, 2005 Cengage Learning

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein 
may be reproduced, transmitted, stored, or used in any form or by any means 
graphic, electronic, or mechanical, including but not limited to photocopying, 
recording, scanning, digitizing, taping, Web distribution, information networks, 
or information storage and retrieval systems, except as permitted under 
Section 107 or 108 of the 1976 United States Copyright Act, without the prior 
written permission of the publisher.

Library of Congress Control Number: 2013947425

Book Only ISBN-13: 978-1-133-96086-7

Cengage Learning 
200 First Stamford Place,  
4th Floor Stamford,  
CT 06902  
USA

Cengage Learning is a leading provider of customized learning solutions with 
office locations around the globe, including Singapore, the United Kingdom, 
Australia, Mexico, Brazil, and Japan. Locate your local office at:  
www.cengage.com/global

Cengage Learning products are represented in Canada by Nelson Education, 
Ltd.

To learn more about Cengage Learning, visit www.cengage.com 

Purchase any of our products at your local college store or at our preferred 
online store www.cengagebrain.com

Notice to the Reader
Publisher does not warrant or guarantee any of the products described herein or perform any independent 
analysis in connection with any of the product information contained herein. Publisher does not assume, 
and expressly disclaims, any obligation to obtain and include information other than that provided to it by 
the manufacturer. The reader is expressly warned to consider and adopt all safety precautions that might be 
indicated by the activities described herein and to avoid all potential hazards. By following the instructions 
contained herein, the reader willingly assumes all risks in connection with such instructions. The publisher 
makes no representations or warranties of any kind, including but not limited to, the warranties of fitness for 
particular purpose or merchantability, nor are any such representations implied with respect to the material set 
forth herein, and the publisher takes no responsibility with respect to such material. The publisher shall not be 
liable for any special, consequential, or exemplary damages resulting, in whole or part, from the readers’ use of, 
or reliance upon, this material.

For product information and technology assistance, contact us at 
 Cengage Learning Customer & Sales Support, 1-800-354-9706

For permission to use material from this text or product,  
submit all requests online at www.cengage.com/permissions  

Further permissions questions can be e-mailed to  
permissionrequest@cengage.com

Printed in the United States of America 
1 2 3 4 5 6 7 17 16 15 14 13 

WCN: 02-200-203



This book is dedicated to my students,  
past, present, and future.



Copyright 2014 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



  v

Figure Credits viii

Reviewers ix

Preface x

Acknowledgments xii

About the Author xiii

1 intRoduction 1
Anatomic Position 2

Directional Terms 2

Body Planes 3

Body Cavities 4

Body Habitus 5

Abdominopelvic Quadrants 5

Abdominopelvic Regions 5

Shifting World of Medical Imaging 6

Computed Tomography 7

Magnetic Resonance Imaging 11

Summary 15

Review Questions 16

2 Head 18
Cranial Bones 19

Neurons 24

Meninges 25

Brain 25

Ventricles 32

Cisterns 36

Vascular System 36

Order of Appearance of Structures on Axial  
CT Images 40

Landmark 41

Summary 41

CT Images 42

MR Images 55

Review Questions 83

3 Face 86
Facial Bones 87

Bony Nasal Septum 89

Nasal Fossae 90

Orbit 90

Eye 91

Paranasal Sinuses 92

Order of Appearance of Structures  
on Axial CT Images 94

Landmark 94

Summary 95

CT Images 96

Review Questions 113

4 neck 114
Pharynx 115

Larynx 115

Muscles 117

Trachea and Esophagus 120

Thyroid Gland 120

Salivary Glands 121

Blood Vessels 122

Order of Appearance of Structures  
on Axial CT Images 124

Landmarks 124

Summary 124

CT Images 125

MR Images 139

Review Questions 160

contents

Copyright 2014 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



vi fundAmentAls of sectIonAl AnAtomy: An ImAgIng ApproAch

5 tHoRa x 162
Bony Thorax 163

Lungs 164

Heart 165

Blood Vessels 170

Thymus 174

Trachea 175

Esophagus 176

Muscles 176

Order of Appearance of Structures  
on Axial CT Images 177

Landmarks 180

Summary 180

CT Images  181

Review Questions 206

6 abdomen 209
Contrast Medium 210

Abdominal Cavity 210

Blood Vessels 210

Digestive Organs 214

Accessory Digestive Organs 216

Kidneys 219

Adrenal Glands 221

Peritoneum 221

Muscles 222

Order of Appearance of Structures on Axial  
CT Images 224

Landmarks 224

Summary 225

CT Images 226

MR Images, T1 Weighted 252

Review Questions 307

7 Pelvis 309
Pelvic Bony Structures 310

Urinary System 311

Blood Vessels 313

Male Reproductive Organs 315

Female Reproductive Organs 318

Intestines 319

Muscles 320

Order of Appearance of Structures on Male 
Axial CT Images 322

Order of Appearance of Structures on Female 
Axial CT Images 324

Landmarks 326

Summary 327

CT Images 328

MR Images, T2 Weighted  344

Review Questions 378

8 veRtebRal column 380
Vertebrae 381

Intervertebral Disks 384

Spinal Cord 385

Meninges 386

Ligaments 386

Muscles 387

Summary 387

CT Images 388

MR Images 396

Review Questions 402

9 uPPeR ex tRemit y  403
Skeletal Anatomy of the Upper Extremity 405

Muscles 410

Shoulder Joint 415

CT Images 417

MR Images 419

Elbow Joint 421

CT Images 423

MR Images 426

Wrist Joint 428

CT Images 430

MR Images 432

Landmarks 436

Summary 436

Review Questions 437

Copyright 2014 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



 contents vii

10  loweR ex tRemit y 438
Skeletal Anatomy of the  

Lower Extremity 440

Muscles  445

Hip Joint 451

CT Images 455

MR Images 460

Knee Joint 465

CT Images 469

MR Images 473

Ankle Joint 476

CT Images 479

MR Images 485

Summary 488

Review Questions 489

 aPPendix a  491
Key to Review Questions  491

 aPPendix b  495
Suggested Readings  495

 GlossaRy   497

 index  521

Copyright 2014 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



cHaPteR 1
All CT images provided by Our Lady of Fatima Hospital, 
North Providence, Rhode Island.

All MR Images provided courtesy of Roger Williams 
Medical Center.

cHaPteR 2
All CT and MR Images provided courtesy of Roger 
Williams Medical Center.

cHaPteR 3
All CT Images provided courtesy of Roger Williams 
Medical Center.

cHaPteR 4
All CT Images provided courtesy of Roger Williams 
Medical Center.

MR Images provided courtesy of Memorial Hospital of 
Rhode Island. 

MR Images provided courtesy of Roger Williams Medical 
Center.

cHaPteR 5
All CT images provided by Our Lady of Fatima Hospital, 
North Providence, Rhode Island. 

cHaPteR 6
All CT images provided by Our Lady of Fatima Hospital, 
North Providence, Rhode Island. 

All MR Images provided courtesy of Roger Williams 
Medical Center.

cHaPteR 7
All CT Images provided by Our Lady of Fatima Hospital, 
North Providence, Rhode Island

All MR images provided courtesy of Roger Williams 
Medical Center.

cHaPteR 8
All CT and MR Images provided courtesy of Roger 
Williams Medical Center.

cHaPteR 9
CT Images provided by Our Lady of Fatima Hospital, 
North Providence, Rhode Island. 

CT Images provided by Roger Williams Medical Center.

All MR Images provided by Roger Williams Medical 
Center.

cHaPteR 10
All CT and MR Images provided by Roger Williams 
Medical Center.

fIgure credIts

viii fundAmentAls of sectIonAl AnAtomy: An ImAgIng ApproAch

Copyright 2014 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



ix

Rex A. Ameigh, MSLM, BSRT(R)
Chair, Allied Health Sciences Department
Director, Radiologic Technology Program
Austin Peay State University 
Clarksville, TN

Pamela Anthony, RT(R)(MR)
MRI Program Director
Greenville Technical College 
Greenville, SC

Susan A. Herrmann, MS, RT(R)(M)(QM)
Radiography Program Chair
Gateway Technical College 
Burlington, WI

John F. Trombly, MS, RT(R), RDMS, RVT
Director, Medical Imaging Education
Red Rocks Community College 
Arvada, CO

Anna Marie Welshans, MS, Ed., RT(R), ARRT
Associate Professor/Clinical Coordinator
Eastern Gateway Community College 
Steubenville, OH

revIewers

Copyright 2014 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



The intent of this revised edition of Fundamentals 
of Sectional Anatomy: An Imaging Approach remains 
unchanged from the first edition—to facilitate the 
learning of anatomy, section by section, in virtually 
any plane. Students studying any imaging modal-
ity, whether it be radiography, computed tomog-
raphy (CT), magnetic resonance imaging (MRI), 
sonography, nuclear medicine, cardiac interven-
tional, vascular interventional, or radiation therapy, 
should optimally be proficient in their ability to iden-
tify organs from any perspective, as well as spatially 
rotate those organs mentally. They also should be 
able to visualize organs with respect to their approx-
imate location within the body, size, and relationship 
to other organs.  

PuRPose
As an instructor in the radiography program at the 
Community College of Rhode Island (CCRI ), one of 
my teaching assignments is a course called Sectional 
Imaging. Having struggled to find an ideal text-
book, I ultimately crafted a proposal for a book that 
included those features that I felt provided a realistic 
approach and streamlined the process of learning 
sectional anatomy.  

oRGanization
I conceptualized a book that included a systematic 
and organized presentation of anatomy from head 
to pelvis, adding as the final chapters the vertebral 
column and upper and lower extremities. One of my 
self-imposed strict requirements was that each sec-
tion of the body has associated with the chapter a 
minimum of two sets of CT and /or MR images, fully 
labeled and captioned with explanations. The choice 
of CT and/or MR images was based on the ability of 
those modalities to demonstrate the anatomy. At the 
end of each chapter, review questions were included. 
It is helpful if the student has previously studied 
anatomy and physiology, but the text is designed to 
teach sectional anatomy regardless of the student’s 
educational background. 

prefAce

The book can be used in conjunction with lectures 
on the subject of sectional anatomy or as an indepen-
dent study guide.

new to tHis edition
While I remain committed to the essential core 
elements of the first edition, with personal consid-
eration and input from reviewers, improvements 
have been added. In keeping with current imaging 
trends, over 200 MR images have been added to 
the chapters on the neck, abdomen, and pelvis. In 
addition, there are many new line art pieces. A study  
of the muscles found in the region of the thorax is 
new to this edition, and existing images have had 
labels of the muscles added. The introduction has 
substantive changes reflecting those in imaging. It 
has also been expanded to include information on 
the anatomical position, directional terms, body 
planes, body cavities, body habitus, and abdomi-
nopelvic quadrants and regions. Given this exten-
sive revision, it now warrants being designated as 
Chapter 1 instead of being just an introduction as 
it was in the previous edition. A section of review 
questions has been added at the end. The mate-
rial in Chapter 6, “Abdomen,” has been rearranged 
to correspond more closely with the ordering of 
material in anatomy and physiology books. Also, 
images have been more prominently labeled with 
reference to the imaging plane. Learning objectives 
and a chapter summary have been added to each 
chapter to provide students with a useful study aid 
and highlight key ideas presented throughout the 
chapters.

student ResouRces

Workbook to Accompany Fundamentals of 
Sectional Anatomy  
isbn-13: 978-1-133-96085-0
The student workbook has been revised to include 
MR image labeling exercises in Chapters 4, 6, and 7. 
All image labeling exercises have been modified to 

x fundAmentAls of sectIonAl AnAtomy: An ImAgIng ApproAch
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better challenge the students with the abbreviated 
word lists for each CT and MR exercise removed and 
replaced with word lists for each chapter found at the 
end of the workbook. 
Additionally, a new item available to the students is an 
electronic labeling exercise offering them the oppor-
tunity to practice labeling a second set of images for 
most chapters.
The electronic labeling exercise is available through 
CourseMate (see the following description).

Instructor Companion Site to Accompany 
Fundamentals of Sectional Anatomy  
isbn-13: 978-1-285-83694-2
The Instructor Companion Site includes a PDF 
of the Instructor’s Manual, test banks, an image 
library, Microsoft PowerPoint® slides that coor-
dinate with chapters, and a correlation grid com-
paring the text to its two closest competitors on 
the market. 
The instructor’s manual is written by the author and 
includes practical tips on teaching this particular 
subject, as well as a sample syllabus and suggested 
lesson plans.

CourseMate Printed Access Card (PAC) for 
Fundamentals of Sectional Anatomy  
isbn-13: 978-1-133-95996-0

CourseMate Instant Access Code (IAC) for 
Fundamentals of Sectional Anatomy  
isbn-13: 978-1-133-96000-3
Cengage Learning’s CourseMate brings course 
concepts to life with interactive learning, study, and 
exam preparation tools that support the printed 
textbook. Watch reader comprehension soar as 
your class works with the printed textbook and the  
textbook-specific website. CourseMate goes beyond 
the book to deliver what you need.
•	 MindTap	Reader.
•	 Interactive	teaching	and	learning	tools	include	

electronic labeling activities, quizzes, flashcards, 
crossword puzzles, PowerPoint presentations, an 
interactive glossary, and more.

•	 Engagement	Tracker	is	a	first-of-its-kind	tool	
that monitors student engagement in the course.

To access these materials online, visit  
www.cengagebrain.com.  
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In gathering information for this revision, I consulted 
with CT and MR staff members throughout Rhode 
Island and nearby Massachusetts, including David 
Card, R.T. (R) (CT) (MR) (ARRT) , Scott Chapman, 
R.T. (R) (MR) (ARRT), Paul Cunningham, R.T. 
(R) (T) (MR) (ARRT), Peter Cyr, R.T. (R) (ARRT), 
Charles Deschamps, R.T. (R) (MR) (ARRT), John 
Doyle, Jr., R.T. (R) (CT) (ARRT), Joe Finan III, R.T. 
(R) (N) (MR) (ARRT), Cathleen Griffin, R.T. (R) (M) 
(CT) (ARRT), Jim Howard, R.T. (R) (CT) (ARRT), 
Patricia Kendall, R.T. (R) (MR) (ARRT), Karen Laurie, 
R.T. (R) (CT) (ARRT), Sarah Menard, R.T. (R) (CT) 
(ARRT), Gina Merola, R.T. (R) (M) (CT) (ARRT), 
Derek Palazini, R.T. (R) (CT) (ARRT), Mindy 
Schultz, R.T. (R) (CT) (ARRT), Kathy St. Pierre,  
R.T. (R) (CT) (ARRT), and David Wiggins, R.T. (R) 
(MR) (ARRT). This list represents a wealth of knowl-
edge, experience, and expertise, and I am grateful to 
these people for sharing it with me.
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  1

C h a p t e r  1 

OUTLINE
 I. anatomic position

 II. Directional terms

 III. Body planes

 IV. Body Cavities

 V. Body habitus

a. asthenic

B. hyposthenic

C. Sthenic

D. hypersthenic

 VI. abdominopelvic Quadrants

 VII. abdominopelvic regions

 VIII. Shifting World of Medical Imaging

 IX. Computed tomography

 a. principles

B. protocols

C. Image appearance

D. Contrast Media

 e. Dosage reduction

 X. Magnetic resonance Imaging

 a.   advantages

B. principles

C. Magnet Strength

D. t1/ t2 Weighting

 e. Length of exam

 F.   protocols for pregnant Women

G. Safety Issues

h. Contrast Media

 I.   Study trends

 XI. Summary

 XII. review Questions

INtrODUCtION
OBJECTIVES
1. to acquire knowledge of the basic terms necessary to study sectional 

anatomy related to the anatomic position, directional terms, body planes, 
cavities, habitus, and abdominopelvic regional divisions.

2. to acquire a basic simple understanding of image production with a 
computed tomographic (Ct) scanner.

3. to acquire a basic understanding of tissue representation on a Ct image.

4. to identify the types of contrast media employed in Ct imaging.

5. to acquire a basic simple understanding of the principles of magnetic 
resonance imaging (MrI).

6. to acquire a basic simple understanding of the effect of an alteration in t1 
or t2 weighting on the appearance of an Mr image.

7. to become familiar with MrI safety issues.

8. to identify the types of contrast media employed in Mr imaging.
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2 FUNDaMeNtaLS OF SeCtIONaL aNatOMY: aN IMaGING apprOaCh

ANATOMIC POSITION
To begin your study of sectional anatomy, a basic 
understanding of key terms is necessary. Shown on 
Figure 1-1 is a drawing of a figure in the anatomic 
position. Note the placement of the palms, facing 
forward. 

DIRECTIONAL TERMS
All directional terms are made referencing the body 
in the anatomic position. In the following list are 
commonly used directional terms, many of which are 
shown on Figure 1-1:

Superior
(cephalad)

Mid-coronal plane Mid-sagittal plane

Proximal

Proximal

Distal

Distal

Lateral

Medial

Anterior
(ventral)

Posterior
(dorsal)

Inferior
(caudal)

Figure 1-1 Anatomic position, directional terms
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 Chapter 1: INtrODUCtION 3

•	 Anterior (ventral)—The front of the body or 
body part

•	 Posterior (dorsal)—The back of the body or 
body part

•	 Medial—Toward the midline of the body
•	 Lateral—Away from the midline of the body
•	 Cephalad (superior)—Toward the head
•	 Caudal (inferior)—Toward the tail end of the 

spine
•	 Proximal—Closer to the point of attachment
•	 Distal—Farther from the point of attachment
•	 Internal—Nearer the inside or core of the body 

or an organ

•	 External—Nearer the outside of the body or an 
organ

•	 Supine—Lying on the back, face upward
•	 Prone—Lying on the abdomen, face downward

BODY PLANES
A plane is an imaginary flat surface passing through 
the body. In the following list are the types of planes, 
many of which are shown on Figure 1-2:
•	 Midsagittal or median—A plane running 

vertically or longitudinally from front to back 
through the midline of the body, dividing the 
body equally into right and left parts

PLANES OF THE BODY

Midsagittal plane Midcoronol plane

Transverse plane

Figure 1-2 Body planes
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4 FUNDaMeNtaLS OF SeCtIONaL aNatOMY: aN IMaGING apprOaCh

•	 Sagittal—Commonly used to refer to a plane 
running vertically or longitudinally from front 
to back parallel to the midsagittal or median 
plane, dividing the body into right and left 
parts

•	 Midcoronal or midaxillary—A plane running 
vertically or longitudinally from right to left, 
dividing the body into equal anterior and poste-
rior parts

•	 Coronal or frontal—A plane running vertically 
or longitudinally from right to left parallel to the 
midcoronal or midaxillary plane, dividing the 
body into anterior and posterior parts

•	 Horizontal, transverse or axial—A plane run-
ning crosswise through the body at right angles 
to the sagittal and coronal planes, dividing the 
body into superior and inferior parts

•	 Oblique—A plane running at an angle, not par-
allel to the sagittal, coronal, or horizontal plane

BODY CAVITIES
The body contains several cavities, as shown on 
Figure 1-3. The thoracic and abdominopelvic cavi-
ties are located anteriorly, and the cranial and spinal 
cavities are found posteriorly. The abdominopelvic 

Thoracic cavity

Diaphragm

Abdominal
cavity

Abdominopelvic
cavity

Pelvic cavity

Division between
abdominal

and pelvic cavities

Spinal
cavity

D
orsal cavity

Ve
nt

ra
l c

av
it

y

Cranial
cavity

Figure 1-3 Body cavities
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 Chapter 1: INtrODUCtION 5

cavity can be subdivided into the abdominal and 
pelvic cavities. While there is a physical structure, 
the diaphragm, that separates the thoracic cavity 
from the abdominopelvic or abdominal cavity, no 
such structure separates the abdominal cavity from 
the pelvic cavity. Chapter 6 discusses the method 
used to describe the boundary. See Chapters 5, 6, and 
7 for a listing of those organs found in the thoracic, 
abdominal, and pelvic cavities, respectively.
A distinct point, the foramen magnum, defines the 
point of demarcation separating the cranial and spi-
nal cavities. See Chapter 2 and Chapter 8 for a listing 
of those organs found in the cranial and spinal cavi-
ties, respectively.

BODY HABITUS
The shape of the trunk of the body varies from 
one individual to another, not necessarily related to 
height, weight, or physical condition. A method of 
categorizing the various shapes has been devised, 
allowing the location of organs within the thoracic, 
abdominal, and pelvic cavities to be predicted with 
some degree of accuracy. This information is very 
relevant to the study of sectional anatomy. The four 
categories are asthenic, hyposthenic, sthenic, and 
hypersthenic, with the majority of the population 
best being described as hyposthenic and sthenic. 
Below is a brief description of each category with 
respect to build and organ locations.

Asthenic
Accounting for 10% of the population, asthenic indi-
viduals generally have a slight build, with a long, nar-
row, shallow thorax, which is wider more superiorly. 
The organs found within the thoracic cavity, includ-
ing the heart and lungs, are also long and narrow; 
the diaphragm is very low; and the ribs tend to be 
almost vertical. The apices of the lungs extend well 
above the clavicles. Conversely, the abdomen tends 
to be short, and narrower more superiorly. Because 
of the length of the thoracic cavity, the stomach, 
gallbladder, and colon are low and lie closer to the 
midline.

Hyposthenic
Accounting for 35% of the population, hyposthenic 
people have a build somewhere between asthenic and 
sthenic. 

Sthenic
Accounting for 50% of the population, sthenic peo-
ple are considered to be average with respect to 
height, weight, and torso length, with a moderately 
short, broad, and deep thorax. The heart sits more 
transversely than in the asthenic or hyposthenic type, 
and the diaphragm is higher. Within the moderately 
long abdominal cavity, the stomach is found high 
on the left, the gallbladder is centered on the right  
in the upper abdomen, and the colon is spread out, 
with the left splenic flexure found high. The trans-
verse colon dips minimally. Compared to the thoracic 
and abdominal cavities, the pelvic cavity is relatively 
small.

Hypersthenic
Accounting for 5% of the population, hypersthenic 
individuals have a massive truncated build, with a 
short, broad, deep thorax. The vertically shallow but 
wide heart sits almost transversely, the lungs are very 
short, broader inferiorly, and the diaphragm is very 
high. The ribs run almost transversely. The apices do 
not extend much above the clavicle. The abdomen is 
very long, narrow inferiorly, with the stomach also 
sitting very high and almost horizontally in the upper 
abdomen. Likewise, the gallbladder is very high, 
closer to the lateral abdominal wall. The colon is 
found along the peripheral borders of the abdomen, 
with the transverse colon higher as compared to the 
other categories described. The pelvis is narrow.

ABDOMINOPELVIC QUADRANTS
The abdominopelvic cavity can virtually be divided into 
four quarters or quadrants, as shown on Figure 1-4. 
A clinician, drawing on familiarity with organ location 
and a patient’s description of pain location, can begin 
to speculate as to which organ is involved.

ABDOMINOPELVIC REGIONS
A more precise system exists with the abdominopel-
vic cavity divided into nine regions, thus allowing 
the anatomist to be more specific in describing 
organ location. Figure 1-5 is a drawing identi-
fying the nine regions: the right and left hypo-
chondriac, epigastric, right and left lumbar, 
umbilical, and right and left inguinal, or iliac, 
and hypogastric, or pubic. The naming of the 
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regions draws on medical terminology and organ  
locations.

SHIFTING WORLD OF MEDICAL 
IMAGING
Since Wilhelm Roentgen produced his first radio-
graph on November 8, 1895, the field of radiology 
has grown by leaps and bounds. New methods of 
imaging emerge constantly. It is a natural question 
for the untrained to ask, “Which modality is best?” 
The answer is that no one modality is best, for each 
serves a particular function. In many instances, 
studies previously done in the conventional imag-
ing department have shifted to other modalities, 
offering the benefit of more diagnostic information 
and/or reduced exposure to ionizing radiation. An 
example is the replacement of cholecystograms (the 
study of gallbladders with conventional imaging) 
with ultrasonography of the gallbladder, or, in some 
instances, a nuclear medicine study. Conventional 
radiographs of the skull have become almost extinct 

today, as most concerns can be addressed with com-
puted tomography (CT). Arthrograms have tran-
sitioned from the radiography department to the 
magnetic resonance imaging (MRI) department. 
Colonoscopies have supplanted barium enemas, 
and CT or MRI enterography have replaced small 
bowel studies. There are those who would argue 
that more functional information is obtained from 
MRI enterography compared to CT enterography, 
especially with respect to motility; and there is 
the added benefit of not being exposed to ionizing 
radiation, but one suggested disadvantage of MRI 
enterography is the possibility of missing smaller 
lesions. Few intravenous pyelograms are currently 
scheduled, while the number of CT renal studies 
has dramatically increased. Computed tomographic 
angiography (CTA) studies are now commonly per-
formed, as are run-offs. 

Although MRI is the preferred modality to demon-
strate the competency of the circle of Willis, if the 
patient cannot have an MRI, a CT scan is ordered. 
Many procedures normally done in the cardiovascular 

Figure 1-4 Abdominopelvic quadrants Figure 1-5 Abdominopelvic regions
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interventional departments are now, at least initially, 
being replaced with CT exams. The benefits of 
this approach are reduced radiation dosage, shorter 
length of exam, reduced amounts of contrast media, 
greater cost-effectiveness, and reduced patient risk. 
An innovative interventional procedure being per-
formed by interventional radiologists in CT is radiof-
requency ablation (RFA) of tumors, a procedure 
utilized for inoperable liver, lung, and renal tumors. 
A similar procedure is cryablation. The majority of 
pulmonary embolism (PE) studies have shifted from 
nuclear medicine to CT, adversely affecting avail-
able staffing hours in the nuclear medicine depart-
ments. Those still having nuclear medicine studies 
for PE are those with a history of iodinated contrast 
reactions and those with elevated creatinine levels. 
Generally, skeletal CT exams are a follow-up to an 
already diagnosed fracture, with the exception of a 
question of cervical spine, facial bone, and /or cranial 
fractures. On occasion, non-ambulatory hips and 
pelves are ordered if a conventional image does not 
demonstrate a fracture. Vertebroplasty, most often 
lumbar, is another procedure now scheduled in the 
CT department as are myelograms and discograms. 
CT cardiac imaging is generally limited to special-
ized imaging centers, with a 64-slice scanner being 
the preferred minimum requirement. CT, rather 
than MR, is the preferred imaging modality for car-
diac imaging, with its main advantage being reduced 
imaging time. A deterrent to this study being rou-
tinely performed at more imaging centers is the 
requirement that cardiac studies be read by both a 
radiologist and cardiologist. 
Several other factors determine what procedures are 
performed at an institution, including the comfort 
level of the radiologists and the hospitals’ consid-
eration of cost-effectiveness. Reimbursements also 
drive the industry’s decision making. Some insur-
ance companies now require preapproval of CT 
and MR exams unless the patient is an emergency 
room (ER) patient. For this and other reasons, the 
percentage of ER patients having CT exams is now 
estimated to be as high as 40–60%, with most of 
those exams being heads, C spines, and abdomens/
pelves, in that order. The advantage of a CT cervi-
cal spine is the ability to perform the exam with the 
neck collar in place; thus, a CT scan of the cervical 
spine has now replaced the conventionally imaged 
shoot-through of the cervical spine in many, if not 
most, institutions.

Entry-level students of all imaging and treatment 
modalities need to have a thorough grounding in 
sectional anatomy. Knowledge of gross anatomy is 
no longer sufficient. The intended and sole purpose 
of this book is to teach sectional anatomy as demon-
strated on routine sectional images. The most accu-
rate sectional representations of the body are on CT 
and MR images. With CT, it is possible to see virtually 
all body structures on a series of images starting at the 
vertex of the skull and ending at the symphysis pubis. 
MRI can provide a similar opportunity, although it is 
less commonly employed in the thoracic region. For 
joints of the upper and lower extremities, the modal-
ity of choice is determined by the tissue of interest. 
The sectional anatomy student who has previously 
studied anatomy will have an advantage.
Both CT and MRI have distinct advantages. CT is 
better than MRI at imaging compact bone (see the 
section entitled “Magnetic Resonance Imaging” later 
in this chapter for an explanation), although with a 
microfracture, MRI would have the advantage of 
better demonstrating edema, an indicator of this type 
of fracture. CT is the preferred modality for patients 
with head trauma as skull fractures and brain inju-
ries are demonstrated. Although metal may cause 
imaging artifacts on CT images, it is not dangerous. 
Conversely, a ferromagnetic object within, on, or near 
the patient can pose serious, even potentially fatal, 
problems during an MRI procedure. Thus, a patient 
on life-support or monitoring equipment could fea-
sibly have a CT, but if any of the equipment has mag-
netic properties, it would not be allowed in the MRI 
scanning room. As a rule, the scanning time for CT is 
considerably less than MRI, especially with multislice 
volumetric scanners, so CT is the preferred modality 
for combative or uncooperative patients. CT offers 
better tolerance for patient motion. Additionally, CT 
is less costly than MRI. Unless the medical facility is 
fortunate enough to possess one of the portable CT 
scanners new to the market, a patient who is non-
transportable will be unable to have either a CT or 
MR study.

COMPUTED TOMOGRAPHY
Principles
The CT procedure involves placing a patient on a 
couch that slides through a circular gantry. Within 
the gantry is an X-ray tube that rotates around the 
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patient. Opposite the X-ray tube are detectors that 
record the amount of unattenuated radiation (radi-
ation not absorbed by the patient), and convert that 
information into a signal. The detectors replace the 
film or sensors used as image receptors in conven-
tional imaging. The signal given by the detectors is 
converted from an analog format to a digital format 
and sent to a computer, where the data is used to 
construct an image.
With the newest volumetric multislice helical scan-
ners, there is one continuous movement of the 
X-ray tube around the gantry as the couch moves 
through the gantry. Multiple rows of detectors 
measure the unattenuated radiation. The number 
of slices obtained with each revolution is directly 
related to the number of rows of detectors, as is the 
imaging and reformatting time. The entire section 
is imaged with one activation of the X-ray tube. 
Unfortunately, 360 degrees of information are not 
obtained for each slice, but the data can be used to 
obtain slices at different levels, utilizing the same 
parameters without reexposing the patient. Exam 
time is reduced to seconds, and there is improved 
spatial resolution.

Protocols
Medical sites have their own specific examination 
protocols for each exam, determining the thick-
ness and number of slices to be obtained, although 
the protocol can be adjusted manually. Most CT 
images are initially acquired transaxially, with the 
cuts generally being perpendicular to the long axis 
of the body. An exception is head CT imaging, where  
the gantry is angled approximately 15 degrees from 
the long axis of the body to minimize the interface 
artifacts in the posterior inferior portion of the 
cranium caused by the intense contrast differences 
between the dense bone and soft tissue of the brain. 
(See Figure 1-6.) Another advantage of the tubal 
angulation is a reduction in radiation dosage to the 
eyes. While the X-ray beam is generally perpendic-
ular to the part being imaged in conventional radi-
ography, with CT, it is parallel. Occasionally, some 
images are acquired in the coronal plane. Sagittal 
image acquisitions are rare, as they are difficult to 
obtain. The computer can reformat the data to pro-
duce images in other planes that are no longer of 
inferior quality, so long as the cuts are reformatted in 
thinner cuts than the acquired thickness.

15
o

Figure 1-6 Typical CT head imaging plane

C
op

yr
ig

ht
 ©

 C
en

ga
ge

 L
ea

rn
in

g®
.

Copyright 2014 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



 Chapter 1: INtrODUCtION 9

Brains and chests are typically imaged in one plane: 
transaxial. Abdomens/pelves are produced in axial and 
coronal planes, and vascular and orthopedic exams 
are demonstrated in three planes. Rarely are abdo-
mens or pelves studied independent of each other, 
although for the purposes of teaching sectional anat-
omy, this book has separated them into two chapters. 
Coronal pulmonary emboli ( PE) images will pick up 
PEs that might be missed on axial cuts because they 
are too small. 

Image Appearance
Looking at CT images of the brain is similar to look-
ing at conventional X-ray images, with bone appear-
ing white (high attenuation), air appearing black 
(low attenuation), and fat and other medium-density 
structures appearing in some shade of gray. By vary-
ing the window level and window width, the density 
and contrast can be varied to better visualize certain 
structures. However, bone still appears white and 
air still is very dark. Figure 1-7 A and B show two 

images produced by a CT computer using the same 
data and at the same level in the thorax, but 1-7 A 
would more clearly demonstrate lung pathology, 
while 1-7 B permits examination of the structures in 
the mediastinum.

Contrast Media
At least 50% of the time, a contrast medium is admin-
istered, that percentage depending upon the types 
of studies most commonly performed at a site. The 
contrast medium may be a water-soluble, iodinated 
medium administered intravenously (  I  V  ). The blood- 
brain barrier, a mechanism discussed in Chapter 2, 
should prevent the medium from penetrating the 
brain tissue. As with all contrast medium injections, 
the patient is prescreened for contraindications such 
as a previous history of contrast medium reactions. 
Most sites use only nonionic contrast medium in CT 
to minimize the risk of reactions. Often, if a patient 
has an existing tumor, “ring enhancement” of the 
tumor is evident, resulting from the contrast medium 

Figure 1-7 A and B (A) CT image of the thorax selecting window width and level to demonstrate lungs (continues)
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