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Foreword

The many different styles of massage therapy and body-
work have become an integral component of addressing 
musculoskeletal pain and injury conditions. The public’s 
expectations place a high demand on the knowledge base 
of these practitioners. Consequently, the professional 
development of massage and bodywork therapists must 
accommodate the changing requirements of the profes-
sion. In the first edition of this text, author Joe Muscolino 
made an excellent contribution to the professional litera-
ture to aid today’s soft-tissue therapist. In this new edition 
of Kinesiology: The Skeletal System and Muscle Function, 
updates and improvements have taken this text to the 
next level and significantly improved an already excellent 
resource.

Kinesiology is a critical component of the knowledge 
and skills necessary for today’s soft-tissue therapist. By 
definition kinesiology is the study of anatomy (structure), 
neuromuscular physiology (function), and biomechanics 
(the mechanics of movement related to living systems). 
Competence in these principles is required even for  
those practitioners who work in an environment where 
massage or movement therapy is used only for relaxa- 
tion or stress reduction. The need to understand proper 
movement can arise in the most basic soft-tissue 
treatment.

The requirements for knowing the principles of kine-
siology are even greater for those practitioners who 
actively choose to address soft-tissue pain and injury con-
ditions. Treatment of any soft-tissue disorder begins with 
a comprehensive assessment of the problem. Accurate 
assessment is not possible without an understanding  
of how the body moves under normal circumstances  
and what may impair its movement in pathology. Joe 
Muscolino has continually set high standards for helping 
prepare practitioners of soft-tissue therapy. The improve-
ments in this new edition build on the established foun-
dation that is crucial for today’s clinician.

Over the years of teaching orthopedic assessment and 
treatment to soft-tissue therapists, I have found many 
students deficient in their understanding of kinesiology. 
Similarly, students express frustration about understand-
ing how to apply basic kinesiology principles in their 
practice. Although they receive some training in their 
initial coursework, traditional approaches to teaching 
kinesiology often provide little benefit to students. Over-
whelmingly, basic courses in kinesiology prove to be 
insufficient and fail to connect the student with the skills 
necessary for professional success.

Learning muscle attachments and concentric actions 
tends to be the focus of most kinesiology curricula and is 
often turned into an exercise of rote memorization. Yet, 
there is significantly more to this important subject than 
these topics. Eccentric actions, force loads, angle of pull, 
axis of rotation, synergistic muscles, and other concepts 
are necessary for understanding human movement. These 
principles, in turn, are prerequisites for effective thera-
peutic treatment. An adequate understanding of kinesiol-
ogy requires more than a curriculum plan that emphasizes 
memorization. A competent education in kinesiology 
requires a foundation in the functional application of its 
principles.

Joe Muscolino’s scientific background and years of 
experience as an educator teaching anatomy, pathology, 
and kinesiology make him uniquely qualified to tackle a 
project of this scope. His skill, talent, and demonstrated 
expertise are evidenced in this work and are of great 
benefit to the soft-tissue professions. During the years I’ve 
known Joe as a professional colleague, we have repeatedly 
engaged in animated discussions about how to raise the 
quality of training and improve educational resources 
available in the profession.

I was thoroughly impressed with the content and pre-
sentation of the first edition of this text. In this new 
edition, the author has responded to the needs of stu-
dents and educators by including new sections on strength 
training and stretching. These topics are of great impor-
tance to manual therapy practitioners and are often not 
present in this detail in many other resources. Also 
included is new and updated information on the role  
of fascia in movement, stability and posture. Many  
clinicians are increasingly aware of the importance of 
fascia, and these new findings help us understand this 
ubiquitous tissue even better. Finally, a new section  
on understanding how to read a research paper has  
been added to this edition. This section introduces the 
student/practitioner to the importance of research in  
the manual therapy professions, and then explains  
how to read and understand a research article. Research 
literacy is an increasingly important skill in the manual 
therapy profession, and this section facilitates that 
process.

The educational landscape is changing at a dramatic 
pace and one of the most powerful changes driving this 
transformation is the development and use of enhanced 
multimedia resources. The Elsevier Evolve site is a wealth 
of teaching and learning materials for students and users 
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of this text. Numerous activities have been designed to 
aid the student in both comprehension of basic concepts 
as well as developing high order thinking skills that are 
essential in clinical practice.

When this book first came out it was clear that it 
excelled as both a comprehensive resource for the practic-
ing professional and an excellent guide for students new 

to the field. This updated edition has broken new ground 
and set the bar high as a comprehensive resource and 
learning tool for professionals in multiple disciplines.

Whitney Lowe, LMT
Orthopedic Massage Education & Research Institute
Sisters, Oregon
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Preface

The term kinesiology literally means the study of motion. 
Because motion of the body is created by the forces  
of muscle contractions pulling on bones and moving 
body parts at joints, kinesiology involves the study of the 
musculoskeletal system. Because muscle functioning is 
controlled by the nervous system, kinesiology might be 
better described as study of the neuromusculosketetal 
system. And because the importance of fascia is better 
understood and accepted, perhaps the best description 
might be study of the neuromyofascialskeletal system!

There are three keys to healthy motion: (1) flexibility 
of soft tissues to allow motion, (2) strength of muscula-
ture to create motion and stability, and (3) neural control 
from the nervous system. This book provides the reader/
student with necessary information to apply this knowl-
edge and to help their clients in the health and fitness 
fields.

Kinesiology: The Skeletal System and Muscle Function, 2nd 
edition, is unique in that it is written for the allied health 
fields of manual and movement therapies, rehabilitation 
and fitness training. These fields include massage therapy, 
physical therapy, occupational therapy, yoga, Pilates, 
fitness and athletic training, Feldenkrais technique, Alex-
ander technique, chiropractic, osteopathy, naturopathy, 
and exercise physiology. Information is presented in a 
manner that explains the fundamental basis for move-
ment of the human body as it pertains to working with 
clients in these fields. Clinical applications are located 
throughout the text’s narrative and in special light-bulb 
and spotlight boxes to explain relevant concepts.

CONCEPTUAL APPROACH

The purpose of this book is to explain the concepts of 
kinesiology in a clear, simple, and straightforward 
manner, without dumbing down the material. The pre-
sentation of the subject matter of this book encourages 
the reader or student to think critically instead of memo-
rize. This is achieved through a clear and orderly layout 
of the information. My belief is that no subject matter is 
difficult to learn if the big picture is first presented, and 
then the smaller pieces are presented in context to the 
big picture. An analogy is a jigsaw puzzle, wherein each 
piece of the puzzle represents a piece of information that 
must be learned. When all the pieces of the puzzle first 
come cascading out of the box, the idea of learning them 
and fitting them together can seem overwhelming; and 
indeed it is a daunting task if we do not first look at the 

big picture on the front of the box. However, if the big 
picture is first explained and understood, then our ability 
to learn and place into context all the small pieces is 
facilitated. This approach makes the job of being a student 
of kinesiology much easier!

ORGANIZATION

Generally, the information within this book is laid out in 
the order that the musculoskeletal system is usually 
covered. Terminology is usually needed before bones can 
be discussed. Bones then need to be studied before the 
joints can be learned. Finally, once the terminology, 
bones, and joints have been learned, the muscular system 
can be explored. However, depending on the curriculum 
of your particular school, you might need to access the 
information in a different order and jump around within 
this book. The compartmentalized layout of the sections 
of this book easily allows for this freedom.
❍	 Scattered throughout the text of this book are light-

bulb    and spotlight    icons. These icons alert 
the reader to additional information on the subject 
matter being presented. A    contains an interesting 
fact or short amount of additional information; 
a    contains a greater amount of information. In 
most cases, these illuminating boxes immediately 
follow the text statements that explain the concept.

❍	 At the beginning of each chapter is a list of learning 
objectives. Refer to these objectives as you read each 
chapter of the book.

❍	 After the objectives is an overview of the information 
of the chapter. I strongly suggest that you read this 
overview so that you have a big picture idea of what 
the chapter covers before delving into the details.

❍	 Immediately after the overview is a list of key terms 
for the chapter, with the proper pronunciation 
included where necessary. These key terms are also in 
bold type when they first appear in the text. A com-
plete glossary of all key terms from the book is located 
on the Evolve web site that accompanies this book.

❍	 After the key terms is a list of word origins. These 
origins explore word roots (prefixes, suffixes, and so 
forth) that are commonly used in the field of kinesiol-
ogy. Learning a word root once can enable you to 
make sense of tens or hundreds of other terms without 
having to look them up!
Kinesiology, The Skeletal System and Muscle Function is 

divided into four parts.
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❍	 Part I covers essential terminology that is used in 
kinesiology. Terminology that is unambiguous is  
necessary to allow for clear communication, which is 
especially important when dealing with clients in the 
health, athletic training, and rehabilitation fields.

❍	 Part II covers the skeletal system. This part explores 
the makeup of skeletal and fascial tissues and also 
contains a photographic atlas of all bones and bony 
landmarks, as well as joints, of the human body.

❍	 Part III contains a detailed study of the joints of the 
body. The first two chapters explain the structure and 
function of joints in general. The next three chapters 
provide a thorough regional examination of all joints 
of the body.

❍	 Part IV examines how muscles function. After cover-
ing the anatomy and physiology of muscle tissue, the 
larger kinesiologic concepts of muscle function are 
addressed. A big picture idea of what defines muscle 
contraction is first explained. From this point, various 
topics such as types of muscle contractions, roles of 
muscles, types of joint motions, musculoskeletal 
assessment, control by the nervous system, posture, 
the gait cycle, stretching, and strength fitness training 
are covered. A thorough illustrated atlas of all the 
skeletal muscles of the body, along with their attach-
ments and major actions, is also given.

DISTINCTIVE FEATURES

There are many features that distinguish this book:
❍	 Clear and ordered presentation of the content
❍	 Simple and clear verbiage that makes learning con-

cepts easy
❍	 Full-color illustrations that visually display the con-

cepts that are being explained so that the student can 
see what is happening

❍	 Light-bulb and spotlight boxes that discuss interesting 
applications of the content, including pathologic con-
ditions and clinical scenarios

❍	 Open bullets next to each piece of information allow 
the student to check off what has been or needs to be 
learned and allows the instructor to assign clearly the 
material that the students are responsible to learn

❍	 An enclosed DVD is included that shows and explains 
all joint movements of the body and the major con-
cepts of kinesiology

❍	 Evolve website support for students and instructors

NEW TO THIS EDITION

Every feature of the first edition has been preserved. In 
addition, the second edition has many new features:
❍	 A complete chapter containing a thorough illustrated 

atlas of all the skeletal muscles of the body along with 
their attachments and major standard and reverse 
actions

❍	 A comprehensive chapter on fitness and athletic 
training

❍	 An entire chapter that expands the discussion of 
stretching

❍	 Greatly expanded sections on fascia, tensegrity, and 
myofascial meridians

❍	 Incorporation of new research as it pertains to con-
cepts in the field of kinesiology and a section on how 
to read a research paper

DVD

The enclosed DVD demonstrates and explains key con-
cepts of kinesiology such as anatomic position, planes, 
axes, how to name joint actions, and the concept of 
reverse actions. It then demonstrates and describes all the 
major joint actions of the human body, beginning with 
actions of the axial body, followed by actions of the lower 
extremity and upper extremity.

EVOLVE RESOURCES

❍	 Video clips
❍	 All DVD video clips demonstrating all joint 

actions of the body are located on the Evolve  
site.

❍	 Bony landmark identification exercises reinforce your 
knowledge.

❍	 Answers to review questions in the textbook.
❍	 Drag and drop labeling exercises aid in your review 

of the material as you drag the name of the struc-
ture and drop it into the correct position on 
illustrations.

❍	 Crossword puzzles help reinforce muscle names and 
terminology through fun, interactive activities!

❍	 Glossary of terms and word origins. All terms from the 
book are defined and explained, along with word 
origins, on the Evolve site.

❍	 Additional strengthening exercise photographs dem-
onstrate key strengthening exercises on Evolve.

❍	 Radiographs
❍	 Study these radiographs for real-world application 

of material in the book.

INSTRUCTOR RESOURCES

For instructors, TEACH lesson plans and PowerPoints 
Cover the book in 50-minute lectures, with learning  
outcomes, discussion topics, and critical thinking  
questions. There is also an instructor’s manual that  
provides step-by-step approaches to leading the  
class through learning the content, as well as kinesthetic 
in-class activities. Further, a complete image collection 
that contains every figure in the book, and a test  
bank in ExamView containing 1,000 questions, are 
provided.
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RELATED PUBLICATIONS

This book has been written to stand on its own. However, 
it can also complement and be used in conjunction with 
The Muscular System Manual, The Skeletal Muscles of the 
Human Body, 3rd edition (Mosby, 2010). The Muscular 
System Manual is a thorough and clearly presented atlas 
of the skeletal muscles of the human body that covers all 
aspects of muscle function. These two textbooks, along 
with Musculoskeletal Anatomy Coloring Book, 2nd edition 
(Mosby, 2010), Musculoskeletal Anatomy Flashcards, 2nd 
Edition (Mosby, 2010), and Flashcards for Bones, Joints, 
and Actions of the Human Body, 2nd edition (Mosby, 2011), 
give the student a complete set of resources to study and 
thoroughly learn all aspects of kinesiology.

For more direct clinical assessment and treatment tech-
niques, look also for The Muscle and Bone Palpation Manual, 
With Trigger Points, Referral Patterns, and Stretching (Mosby 
2009), Flashcards for Palpation, Trigger Points, and Referral 
Patterns (Mosby 2009), and Mosby’s Trigger Point Flip Chart, 
with Referral Patterns and Stretching (Mosby 2009). For addi-

tional information about these products, visit http://
joeknows.elsevier.com.

Even though kinesiology can be viewed as the science 
of studying the biomechanics of body movement (and 
the human body certainly is a marvel of biomechanical 
engineering), kinesiology can also be seen as the study of 
an art form. Movement is more than simply lifting a glass 
or walking across a room; movement is the means by 
which we live our lives and express ourselves. Therefore 
science and art are part of the study of kinesiology. 
Whether you are just beginning your exploration of  
kinesiology, or you are an experienced student looking  
to expand your knowledge, I hope that Kinesiology: The 
Skeletal System and Muscle Function, 2nd edition, proves to 
be a helpful and friendly guide. Even more importantly, 
I hope that it also facilitates an enjoyment and excitement 
as you come to better understand and appreciate the 
wonder and beauty of human movement!

Joseph E. Muscolino DC
July 2010

http://joeknows.elsevier.com
http://joeknows.elsevier.com


xii

Acknowledgments

Usually only one name is listed on the front of a book, 
and that is the author’s. This practice can give the reader 
the misconception that the author is the only person 
responsible for what lies in his or her hands. However, 
many people who work behind the scenes and are invis-
ible to the reader have contributed to the effort. The 
Acknowledgments section of a book is the author’s oppor-
tunity to both directly thank these people and acknowl-
edge them to the readers.

First, I would like to thank William Courtland. William, 
now an instructor himself, was the student who 10 years 
ago first recommended that I should write a kinesiology 
textbook. William, thanks for giving me the initial spark 
of inspiration to write.

Because kinesiology is the study of movement, the 
illustrations in this book are just as important, if not more 
important, than the written text. I am lucky to have had 
a brilliant team of illustrators and photographers. Jeannie 
Robertson illustrated the bulk of the figures in this book. 
Jeannie is able to portray three-dimensional movements 
of the body with sharp, accurate, simple, and clear full-
color illustrations. Tiziana Cipriani contributed a tremen-
dous number of beautiful drawings to this book, including 
perhaps my two favorites, Figures 11-13A and 11-13B. 
Jean Luciano, my principle illustrator for the first edition 
of The Muscular System Manual, also stepped in to help 
with a few beautiful illustrations. Yanik Chauvin is the 
photographer who took the photos that appear in Chap-
ters 7, 8, 9, 15, and 19, as well as a few others. Yanik is 
extremely talented, as well as being one of the easiest 
people with whom to work. Frank Forney is an illustrator 
who came to this project via Electronic Publishing Ser-
vices (EPS). Frank drew the computer drawings of the 
bones that were overlaid on Yanik’s photos in Chapters 
7, 8, and 9. Frank proved to be an extremely able and 
invaluable asset to the artwork team. For Chapter 15, the 
new illustrated atlas of muscles chapter, Giovanni Rimasti 
(of LightBox Visuals, Jodie Bernard, owner), Frank Forney, 
and Dave Carlson, provided computer-drawn images of 

the bones and muscles overlaid on Yanik’s photos. These 
illustrations are astoundingly beautiful! Last but not least 
is Dr. David Eliot of Touro University College of Osteo-
pathic Medicine, who provided the bone photographs 
that are found in Chapter 4. Dr. Eliot is a PhD anatomist 
whose knowledge of the musculoskeletal system is as vast 
as his photographs are beautiful. I was lucky to have him 
as a contributor to this book.

I would also like to thank the models for Yanik’s pho-
tographs: Audrey Van Herck, Kiyoko Gotanda, Gamaliel 
Martinez Fonseca, Patrick Tremblay, and Simona Cipri-
ani. The beauty and poise of their bodies was invaluable 
toward expressing the kinesiologic concepts of move-
ment in the photographs for this book.

I must thank the authors of the other kinesiology 
textbooks that are presently in print. I like to think that 
we all stand on the shoulders of those who have come 
before us. Each kinesiology textbook is unique and has 
contributed to the field of kinesiology, as well as my 
knowledge base. I would particularly like to thank Donald 
Neumann, PT, PhD of Marquette University. His book, 
Kinesiology of the Musculoskeletal System, in my opinion, is 
the best book ever written on joint mechanics. I once told 
Don Neumann that if I could have written just one book, 
I wish it would have been his.

Writing a book is not only the exercise of stating facts, 
but also the art of how to present these facts. In other 
words, a good writer should be a good teacher. Toward 
that end, I would like to thank all my present and past 
students for helping me become a better teacher.

For the act of actually turning this project into a book, 
I must thank the entire Mosby/Elsevier team in St. Louis 
who spent tremendous hours on this project, particularly 
Jennifer Watrous, Kellie White, Kate Dobson, Celeste 
Clingan, Linda McKinley, Julie Eddy, Paula Catalano, 
Abby Hewitt, and Julie Burchett. Thank you for making 
the birth of this book as painless as possible.

Finally, to echo my dedication, I would like to thank 
my entire family, who makes it all worthwhile!



xiii

About the Author

Dr. Joseph E. Muscolino has been 
teaching musculoskeletal and visceral 
anatomy and physiology, kinesiology, 
neurology, and pathology courses  
for more than 24 years. He has also 
been instrumental in course manual 
development and has assisted with 
curriculum development. He has  
published The Muscular System Manual, 
3rd edition, Musculoskeletal Anatomy 
Coloring Book, 2nd edition, and 
Musculoskeletal Anatomy Flashcards, 
2nd edition, as well as articles in 
Massage Therapy Journal, Journal of 
Bodywork and Movement Therapies, 
Massage Magazine, and Massage Today. 
Dr. Muscolino runs continuing educa-
tion workshops on topics such as body 
mechanics for deep tissue massage, 
intermediate and advanced stretching techniques, joint 
mobilization, kinesiology, and cadaver lab workshops. He 
is approved by the National Certification Board for Thera-
peutic Massage and Bodywork (NCBTMB) as a provider of 
continuing education, and grants continuing education 
credit (CEUs) for massage therapists toward certification 
renewal. Dr. Muscolino also was a subject matter expert 
and member of the NCBTMB’s Continuing Education and 

Exam Committees and is a member of 
the Educational Review Operational 
Committee (EROC) of Massage Therapy 
Journal.

Dr. Muscolino holds a Bachelor of 
Arts degree in biology from the State 
University of New York at Bingham-
ton, Harpur College. He attained his 
Doctor of Chiropractic degree from 
Western States Chiropractic College in 
Portland, Oregon, and is licensed in 
Connecticut, New York, and Califor-
nia. Dr. Muscolino has been in private 
practice in Connecticut for more than 
25 years and incorporates soft-tissue 
work into his chiropractic practice for 
all his patients.

If you would like further informa-
tion regarding Kinesiology: The Skeletal 

System and Muscle Function, 2nd edition, or any of 
Dr. Muscolino’s other publications, or if you are an 
instructor and would like information regarding the 
many supportive materials such as PowerPoint slides,  
test banks of questions, or instructor’s manuals, please 
visit http://www.us.elsevierhealth.com. You can contact 
Dr. Muscolino directly at his web site: http://www.
learnmuscles.com.

http://www.learnmuscles.com
http://www.learnmuscles.com
http://www.us.elsevierhealth.com


xiv

Contents

PART I	 FUNDAMENTALS OF STRUCTURE AND MOTION OF THE HUMAN BODY

Chapter 1	 Parts of the Human Body	 1
Chapter 2	 Mapping the Human Body	 13

PART II	 SKELETAL OSTEOLOGY: STUDY OF THE BONES

Chapter 3	 Skeletal Tissues	 32
Chapter 4	 Bones of the Human Body	 66

PART III	 SKELETAL ARTHROLOGY: STUDY OF THE JOINTS

Chapter 5	 Joint Action Terminology	 153
Chapter 6	 Classification of Joints	 186
Chapter 7	 Joints of the Axial Body	 209
Chapter 8	 Joints of the Lower Extremity	 255
Chapter 9	 Joints of the Upper Extremity	 326

PART IV	 MYOLOGY: STUDY OF THE MUSCULAR SYSTEM

Chapter 10	 Anatomy and Physiology of Muscle Tissue	 380
Chapter 11	 How Muscles Function: the Big Picture	 412
Chapter 12	 Types of Muscle Contractions	 433
Chapter 13	 Roles of Muscles	 449
Chapter 14	 Determining the Force of a Muscle Contraction	 479
Chapter 15	 The Skeletal Muscles of the Human Body	 500
Chapter 16	 Types of Joint Motion and Musculoskeletal Assessment	 557
Chapter 17	 The Neuromuscular System	 573
Chapter 18	 Posture and the Gait Cycle	 601
Chapter 19	 Stretching	 625
Chapter 20	 Principles of Strengthening Exercise	 639

BIBLIOGRAPHY	 675

INDEX	 678



1

CHAPTER  1 

PART I

Fundamentals of Structure and Motion  
of the Human Body

Parts of the Human Body

CHAPTER OUTLINE

Section 1.1	 Major Divisions of the Human Body
Section 1.2	 Major Body Parts
Section 1.3	 Joints between Body Parts
Section 1.4	 Movement of a Body Part Relative to 

an Adjacent Body Part

Section 1.5	 Movement within a Body Part
Section 1.6	 True Movement of a Body Part versus 

“Going along for the Ride”
Section 1.7	 Regions of the Body

CHAPTER OBJECTIVES

After completing this chapter, the student should be able to perform the following:

1.	 List the major divisions of the body.
2.	 List and locate the 11 major parts of the body.
3.	 Describe the concept of and give an example of 

movement of a body part.
4.	 List the aspects of and give an example of fully 

naming a movement of the body.
5.	 Describe the concept of and give an example of 

movement of smaller body parts located within 
larger (major) body parts.

6.	 Explain the difference between and give an 
example of true movement of a body part 
compared with “going along for the ride.”

7.	 List and locate the major regions of the body.
8.	 Define the key terms of this chapter.
9.	 State the meanings of the word origins of this 

chapter.

OVERVIEW

The human body is composed of 11 major parts that 
are located within the axial and appendicular portions 
of the body. Some of these major body parts have 
smaller body parts within them. Separating two adja-

cent body parts from each other is a joint. True move-
ment of a body part involves movement of that body 
part relative to another body part at the joint that is 
located between them.

KEY TERMS

Abdominal (ab-DOM-i-nal)
Antebrachial (AN-tee-BRAKE-ee-al)
Antecubital (an-tee-KYU-bi-tal)
Anterior view (an-TEER-ee-or)
Appendicular (ap-en-DIK-u-lar)
Arm
Axial (AK-see-al)
Axillary (AK-sil-err-ee)
Body part

Brachial (BRAKE-ee-al)
Carpal (KAR-pal)
Cervical (SER-vi-kal)
Cranial (KRAY-nee-al)
Crural (KROO-ral)
Cubital (KYU-bi-tal)
Digital (DIJ-i-tal)
Facial
Femoral (FEM-o-ral)
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WORD ORIGINS

❍	 Ante—From Latin ante, meaning before, in front of
❍	 Append—From Latin appendo, meaning to hang 

something onto something
❍	 Ax—From Latin axis, meaning a straight line
❍	 Fore—From Old English fore, meaning before, in 

front of

❍	 Inter—From Latin inter, meaning between
❍	 Lat—From Latin latus, meaning side
❍	 Post—From Latin post, meaning behind, in the rear, 

after
❍	 Supra—From Latin supra, meaning on the upper 

side, above

1.1  MAJOR DIVISIONS OF THE HUMAN BODY

❍	 The human body can be divided into two major sec-
tions (Figure 1-1):
❍	 The axial body
❍	 The appendicular body

❍	 When we learn how to name the location of a struc-
ture of the body or a point on the body (see Chapter 
2), it will be crucial that we understand the difference 
between the axial body and the appendicular body.

AXIAL BODY:

❍	 The axial body is the central core axis of the body and 
contains the following body parts:
❍	 Head
❍	 Neck
❍	 Trunk

Foot
Forearm
Gluteal (GLOO-tee-al)
“Going along for the ride”
Hand
Head
Inguinal (ING-gwi-nal)
Interscapular (IN-ter-skap-u-lar)
Joint
Lateral view (LAT-er-al)
Leg
Lower extremity (eks-TREM-i-tee)
Lumbar (LUM-bar)
Mandibular (man-DIB-u-lar)
Neck
Palmar (PAL-mar)

Patellar (pa-TEL-ar)
Pectoral (PEK-to-ral)
Pelvis
Plantar (PLAN-tar)
Popliteal (pop-LIT-ee-al)
Posterior view (pos-TEER-ee-or)
Pubic (PYU-bik)
Sacral (SAY-kral)
Scapular (SKAP-u-lar)
Shoulder girdle
Supraclavicular (SUE-pra-kla-VIK-u-lar)
Sural (SOO-ral)
Thigh
Thoracic (tho-RAS-ik)
Trunk
Upper extremity (eks-TREM-i-tee)
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Appendicular
body

Axial
body

CBA

FIGURE 1-1  The major divisions of the human body: the axial body and the appendicular body. A, Anterior 
view. B, Posterior view. C, Lateral view.

APPENDICULAR BODY:

❍	 The appendicular body is made up of appendages that 
are “added onto” the axial body.

❍	 The appendicular body can be divided into the right 
and left upper extremities and the right and left lower 
extremities.

❍	 An upper extremity contains the following body 
parts:
❍	 Shoulder girdle (scapula and clavicle)
❍	 Arm
❍	 Forearm
❍	 Hand

❍	 A lower extremity contains the following body 
parts:
❍	 Pelvis (pelvic girdle)
❍	 Thigh
❍	 Leg
❍	 Foot

❍	 The pelvis is often considered to be part of the axial 
body. In actuality, it is a transitional body part of both 
the axial body and the appendicular body; the sacrum 
and coccyx are axial body bones and the pelvic bones 
are appendicular body bones. For symmetry, we will 
consider the pelvis to be part of the lower extremity 
(therefore the appendicular body), because the shoul-
der girdle is part of the upper extremity. Note: The 
word girdle is used because the pelvic and shoulder 
girdles resemble a girdle in that they encircle the body 
as a girdle does (actually, the shoulder girdle does not 
completely encircle the body because the two scapulae 
do not meet in back).
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1.2  MAJOR BODY PARTS

❍	 A body part is a part of the body that can move 
independently of another body part that is next to it.

❍	 Generally it is the presence of a bone (sometimes more 
than one bone) within a body part that defines the 
body part.

❍	 For example, the humerus defines the arm; the radius 
and ulna define the forearm.

❍	 The human body has 11 major body parts (Figure 1-2):
❍	 Head

Axial body❍	 Neck
❍	 Trunk
❍	 Pelvis

Lower extremity

Appendicular 
body

❍	 Thigh
❍	 Leg
❍	 Foot
❍	 Shoulder girdle

Upper 	
extremity

❍	 Arm
❍	 Forearm
❍	 Hand

}
}

} }

❍	 It is important to distinguish the thigh from the leg. 
The thigh is between the hip joint and the knee joint, 
whereas the leg is between the knee joint and the ankle 
joint. In our terminology, the thigh is not part of the 
leg.

❍	 It is important to distinguish the arm from the forearm. 
The arm is between the shoulder joint and the elbow 
joint, whereas the forearm is between the elbow joint 
and the wrist joint. In our terminology, the forearm is 
not part of the arm.

❍	 The shoulder girdle contains the scapulae and the 
clavicles.
❍	 Most sources include the sternum as part of the 

shoulder girdle.
❍	 The shoulder girdle is also known as the pectoral 

girdle.
❍	 The pelvis as a body part includes the pelvic girdle of 

bones.
❍	 The pelvic girdle contains the two pelvic bones, the 

sacrum, and the coccyx.

Shoulder girdle

Arm

Forearm

Hand

Head

Neck

Pelvis

Thigh

Trunk

Leg

Foot
A

Upper extremity
body parts

Axial
body parts

Lower extremity
body parts

FIGURE 1-2  The 11 major parts of the human body. A, Anterior view.
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Shoulder girdle

Arm

Forearm

Hand

Head

Neck

Pelvis

Thigh

Trunk

Leg

Foot

Upper extremity
body parts

B

Axial
body parts

Lower extremity
body parts

Shoulder girdle

Arm

Forearm

Hand

C

Head

Neck

Pelvis

Thigh

Trunk

Leg

Foot

Upper extremity
body parts

Axial
body parts

Lower extremity
body parts

B, Posterior view. C, Lateral view.FIGURE 1-2, cont’d 
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Shoulder joint

Elbow joint

Wrist joint
Hip joint

A

Knee joint

Ankle joint

Spinal
joints

B

Lumbosacral
spinal joint

Shoulder joint

Elbow joint

Wrist joint

Hip joint

Knee joint

Ankle joint

Shoulder joint

Elbow joint

Wrist joint

C

Hip joint

Knee joint

Ankle joint
FIGURE 1-3  Illustration of the concept of a joint being located between two adjacent 
body parts. It is the presence of a joint that separates one body part from another body 
part. A, Anterior view. B, Posterior view. C, Lateral view.

1.3  JOINTS BETWEEN BODY PARTS

❍	 What separates one body part from the body part next 
to it is the presence of a joint between the bones of 
the body parts. A joint is located between two adjacent 
body parts (Figure 1-3).

❍	 When we say that a body part moves, our general rule 
will be that the body part moves relative to an adjacent 
body part.

❍	 This movement occurs at the joint that is located 
between these two body parts (Figure 1-4).
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Pelvis

Thigh

Thigh

Knee joint

Leg

Hip joint

BA

FIGURE 1-4  A, The thigh moving (abducting) relative to the pelvis. This motion is occurring at the hip joint, 
which is located between them. B, Leg moving (flexing) relative to the thigh. This motion is occurring at the 
knee joint, which is located between them.

Arm

Scapula

Shoulder joint

FIGURE 1-5  Illustration of a body movement. The body part that is 
moving is the arm, and the joint where this movement is occurring is 
the shoulder joint. We say that the arm is moving (abducting) at the 
shoulder joint. This motion of the arm occurs relative to the body part 
that is next to it (i.e., the shoulder girdle; more specifically, the scapula 
of the shoulder girdle).

1.4  MOVEMENT OF A BODY PART RELATIVE TO AN ADJACENT BODY PART

❍	 When movement of our body occurs, we see the 
following:
❍	 It is a body part that is moving.
❍	 That movement is occurring at a joint that is located 

between that body part and an adjacent body part.
❍	 To name this movement properly and fully, two things 

must be stated:
1.	 The name of the body part that is moving
2.	 The joint where the movement is occurring

❍	 Most texts describe a movement of the body by stating 
only the body part that is moving or by stating only 
the joint where the motion is occurring. However, to 
be complete and to fully describe and understand what 
is happening, both aspects should be stated. By doing 
this every time you describe a movement of the body, 
you will gain a better visual picture and understanding 
of the movement that is occurring.

❍	 Figures 1-5, 1-6, and 1-7 show examples of movements 
of body parts relative to adjacent body parts.



8 CHAPTER 1  Parts of the Human Body

Arm

Forearm

Elbow joint

FIGURE 1-6  Illustration of a body movement. The body part that is 
moving is the forearm, and the joint where this movement is occurring is 
the elbow joint. We say that the forearm is moving (flexing) at the elbow 
joint. This motion of the forearm occurs relative to the body part that is 
next to it (i.e., the arm).

Foot

Leg

Ankle joint

FIGURE 1-7  Illustration of a body movement. The body part that is 
moving is the foot, and the joint where this movement is occurring is the 
ankle joint. We say that the foot is moving (dorsiflexing) at the ankle joint. 
This motion of the foot occurs relative to the body part that is next to it 
(i.e., the leg).

1.5  MOVEMENT WITHIN A BODY PART

❍	 We have seen that when a major body part moves, the 
movement occurs at the joint that is located between 
that body part and an adjacent body part.

❍	 Because that joint is located between two different 
major body parts, when one body part moves relative 
to another body part, it can be said that the movement 
occurs between body parts.

❍	 However, sometimes movement can occur within a 
major body part.

❍	 This can occur whenever the major body part has two 
or more smaller body parts (i.e., bones) located within 
it. When this situation exists, movement can occur at 
the joint that is located between these smaller body 
parts (i.e., bones) within the major body part.
❍	 The simplest example of this is the hand. The hand 

is considered to be a major body part, and motion 
of the hand is described as occurring between it and 
the forearm at the wrist joint (Figure 1-8, A). 
However, the hand has other body parts, the fingers, 
within it. Each finger is a body part in its own right, 
because a finger can move relative to the palm of 

the hand (Figure 1-8, B). Furthermore, each finger 
has three separate parts (i.e., bones) within it, and 
each of these parts can move independently as well 
(Figure 1-8, C).

❍	 A second example is the forearm. The forearm is 
usually described as moving relative to the arm 	
at the elbow joint (Figure 1-9, A). However, the 
forearm has two bones within it, and joints are 
located between these two bones. Motion of one 	
of these bones can occur relative to the other 	
(Figure 1-9, B). In this case each one of the two 
bones would be considered to be a separate, smaller 
body part.

❍	 A third, more complicated example is the cervical 
spine. The cervical spine has seven vertebrae within 
it. The neck may be described as moving relative to 
the trunk that is beneath it (Figure 1-10, A). 
However, each one of the seven vertebrae can move 
independently. Therefore motion can occur between 
vertebrae within the neck at the joints located 
between the vertebrae (Figure 1-10, B).
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A

Forearm

Wrist joint Hand

B

C

FIGURE 1-8  A, Lateral view showing the hand moving relative to the forearm at the wrist joint. B, Depiction 
of motion within the hand. This is a lateral view in which we see a finger moving relative to the palm of the 
hand at the joint that is located between them. C, Illustration of movement of one part of a finger relative to 
another part of the finger at the joint that is located between them. Note: B and C both illustrate the concept 
of movement occurring within a major body part because smaller body parts are within it.

Arm

Forearm

Elbow joint

A

Radius
Radius

UlnaUlna

Proximal
radioulnar joint

Proximal radioulnar
joint

Distal radioulnar
joint

B

Distal radioulnar
joint

FIGURE 1-9  A, Lateral view showing the forearm moving (flexing) relative to the arm at the elbow joint. 
B, Movement of one of the bones (i.e., the radius) within the forearm, relative to the other bone (i.e., the 
ulna) of the forearm; this motion occurs at the radioulnar joints located between the two bones.
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A B

C7-T1 joint

Trunk

Cervical spinal
joints

Neck

FIGURE 1-10  A, Lateral view of the neck 
showing the neck moving relative to the trunk at 
the spinal joint between them (C7-T1). B, Motion 
within the neck that is occurring between several 
individual vertebrae of the neck. This motion occurs 
at the spinal joints located between these bones.

A B

FIGURE 1-11  A and B, Illustration of the concept that the forearm 
is moving (because its position relative to the arm is changing). The 
motion that is occurring here is flexion of the forearm at the elbow 
joint. The hand is not moving, because its position relative to the 
forearm is not changing; the hand is merely “going along for the ride.”

1.6  TRUE MOVEMENT OF A BODY PART VERSUS “GOING ALONG FOR THE RIDE”

❍	 In lay terms, when we say that a body part has moved, 
it does not always mean that true movement of that 
body part has occurred (according to the terminology 
that is used in the musculoskeletal field for describing 
joint movements).

❍	 A distinction must be made between true movement of 
a body part and what we will call “going along for 
the ride.”

❍	 For true movement of a body part to occur, the body 
part must move relative to an adjacent body part (or 
the body part must have movement occur within it).

❍	 For example, in Figure 1-11 we see that a person is 
moving the right upper extremity.

❍	 In lay terms we might say that the person’s right hand 
is moving because it is changing its position in space.

❍	 However, in our terminology the right hand is not 
moving, because the position of the hand relative to 
the forearm is not changing (i.e., the right hand is not 
moving relative to the forearm [and motion is not 
occurring within the hand]).

❍	 The movement that is occurring in Figure 1-11 is 
flexion of the forearm at the elbow joint. It is the 
forearm that is moving relative to the arm at the elbow 
joint.

❍	 The hand is not moving in this scenario. We could say 
that the hand is merely “going along for the ride.”

❍	 Figure 1-12 depicts true movement of the hand relative 
to the forearm.
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A B

FIGURE 1-12  Illustration of true movement of the hand, 
because the position of the hand is changing relative to the 
forearm. This movement is called flexion of the hand at the wrist 
joint. A, Anatomic position. B, Flexed position.

Pectoral

Mandibular

Supraclavicular

Antecubital

Carpal

Patellar

Crural

Facial

Axillary

Brachial
Cubital

Antebrachial

BA

Abdominal

Inguinal

Pubic

Femoral

Plantar

Cranial

Cervical

Scapular

Interscapular

Thoracic

Lumbar

Sacral

Pelvic

Sural

Popliteal

Gluteal

FIGURE 1-13  A, Anterior view of the body illustrating its major regions. B, Posterior view of the body 
illustrating its major regions.

1.7  REGIONS OF THE BODY

❍	 Within the human body, areas or regions exist that are 
given names. Sometimes these regions are located 
within a body part; sometimes they are located across 

two or more body parts. Following are illustrations 
that show the various regions of the body (Figure 
1-13).
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REVIEW QUESTIONS

	 Answers to the following review questions appear on the Evolve website accompanying this book at: 
http://evolve.elsevier.com/Muscolino/kinesiology/.

1.	 What are the two major divisions of the human 
body?

2.	 What are the 11 major body parts of the human 
body?

3.	 What defines a body part?

4.	 What is the difference between the thigh and the 
leg?

5.	 What is the difference between the arm and the 
forearm?

6.	 What is the difference between the trunk and the 
pelvis?

7.	 What two things are stated to describe properly 
and fully a movement of the body?

8.	 How can movement occur within a body part?

9.	 What is the difference between true movement 
and “going along for the ride”?

10.	 Name five regions of the human body.

http://evolve.elsevier.com/Muscolino/kinesiology/
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CHAPTER  2 

Mapping the Human Body

CHAPTER OUTLINE

Section 2.1	 Anatomic Position
Section 2.2	 Location Terminology
Section 2.3	 Anterior/Posterior
Section 2.4	 Medial/Lateral
Section 2.5	 Superior/Inferior and Proximal/Distal
Section 2.6	 Superficial/Deep
Section 2.7	 Location Terminology Illustration
Section 2.8	 Planes

Section 2.9	 Motion of the Human Body within 
Planes

Section 2.10	 Axes
Section 2.11	 Planes and Their Corresponding Axes
Section 2.12	 Visualizing the Axes—Door Hinge Pin 

Analogy
Section 2.13	 Visualizing the Axes—Pinwheel 

Analogy

CHAPTER OBJECTIVES

After completing this chapter, the student should be able to perform the following:

1.	 Describe and explain the importance of anatomic 
position.

2.	 Explain how location terminology can be used to 
map the body.

3.	 List and apply the following pairs of terms that 
describe relative location on the human body: 
anterior/posterior, medial/lateral, superior/inferior, 
proximal/distal, and superficial/deep.

4.	 List and apply the following additional pairs of 
terms that describe relative location on the human 
body: ventral/dorsal, volar/dorsal, radial/ulnar, 
tibial/fibular, plantar/dorsal, and palmar/dorsal.

5.	 List and describe the three cardinal planes.
6.	 Explain the concept of an oblique plane.
7.	 Explain how motion occurs within a plane, 

and give an example of motion occurring in each 

of the three cardinal planes and in an oblique 
plane.

8.	 Define what an axis is, and explain how motion 
can occur relative to an axis.

9.	 List the axes that correspond to each of the three 
cardinal planes.

10.	Determine the axis for an oblique plane.
11.	Give an example of motion occurring within each 

of the three cardinal planes and around each of 
the three cardinal axes.

12.	Draw an analogy between the hinge pin of a door 
and the pin of a pinwheel to the axis of 
movement for each of the three cardinal planes.

13.	Define the key terms of this chapter.
14.	 State the meanings of the word origins of this 

chapter.

  Indicates a video demonstration is available for this concept.
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KEY TERMS

Anatomic position (an-a-TOM-ik)
Angular movement
Anterior (an-TEER-ee-or)
Anteroposterior axis (an-TEER-o-pos-TEER-ee-or)
Axial movement (AK-see-al)
Axis, pl. axes (AK-sis, AK-seez)
Axis of rotation
Cardinal axis (KAR-di-nal)
Cardinal plane
Circular movement
Coronal plane (ko-RO-nal)
Deep
Distal
Dorsal (DOOR-sal)
Fibular (FIB-u-lar)
Frontal-horizontal axis
Frontal plane
Horizontal plane
Inferior (in-FEER-ee-or)
Lateral
Mechanical axis

Medial (MEE-dee-al)
Mediolateral axis (MEE-dee-o-LAT-er-al)
Midsagittal plane (MID-SAJ-i-tal)
Oblique axis (o-BLEEK)
Oblique plane
Plane
Posterior (pos-TEER-ee-or)
Proximal (PROK-si-mal)
Radial (RAY-dee-al)
Rotary movement
Sagittal-horizontal axis (SAJ-i-tal)
Sagittal plane
Superficial
Superior (sue-PEER-ee-or)
Superoinferior axis (sue-PEER-o-in-FEER-ee-or)
Tibial (TI-bee-al)
Transverse plane
Ulnar (UL-nar)
Ventral (VEN-tral)
Vertical axis
Volar (VO-lar)

WORD ORIGINS

❍	 Ana—From Latin ana, meaning up
❍	 Dors—From Latin dorsum, meaning the back
❍	 Infer—From Latin inferus, meaning below, lower
❍	 Medial—From Latin medialis, meaning middle
❍	 Oblique—From Latin obliquus, meaning slanting
❍	 Rota—From Latin rota, meaning wheel

❍	 Super—From Latin superus, meaning higher, 
situated above

❍	 Tome—From Latin tomus, meaning a cutting
❍	 Trans—From Latin trans, meaning across, to the 

other side of
❍	 Ventr—From Latin venter, meaning belly, stomach

OVERVIEW

The field of kinesiology uses directional terms of relative 
location to describe and communicate the location of a 
structure of the body or a point on the body. These 
terms are similar to geographic directional terms such 
as north and south, and east and west. However, instead 
of mapping the Earth, we use our terms to map the 
human body. We also need to map the space around 
the human body by describing the three dimensions or 
planes of space. Understanding the orientation of the 
planes is extremely important in the field of kinesiology 
because when the body moves, motion of body parts 
occurs within these planes. The concept of an axis is 
then explored, because most body movements are axial 
movements that occur within a plane and around an 
axis.

Putting the information that was learned in Chapter 
1 together with the information that is presented in 
Chapter 2, the student will have a clear and fundamen-
tal understanding of body movement. That is, when 
motion of the human body occurs, a body part moves 
relative to an adjacent body part at the joint that is 
located between them, and this motion occurs within a 
plane; and if this motion is an axial movement, then it 
occurs around an axis. After the bones are studied in 
more detail in Chapters 3 and 4, the exact terms that 
are used to describe these movements of body parts are 
covered in Chapter 5.

2-1
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2.1  ANATOMIC POSITION

❍	 Although the human body can assume an infinite 
number of positions, one position is used as the refer-
ence position for mapping the body. This position is 
used to name the location of body parts, structures, 
and points on the body and is called anatomic posi-

tion. In anatomic position the person is standing 
erect, facing forward, with the arms at the sides, the 
palms facing forward, and the fingers and thumbs 
extended (Figure 2-1).

FIGURE 2-1  Anterior view of anatomic position. Anatomic position is the position assumed when a person 
stands erect, facing forward, with the arms at the sides, the palms facing forward, and the fingers and thumbs 
extended. Anatomic position is important because it is used as a reference position for naming locations on 
the human body.

2-2
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2.2  LOCATION TERMINOLOGY

NAMING LOCATIONS ON THE HUMAN BODY:

❍	 Whenever we want to describe the location of a struc-
ture of the human body or the location of a specific 
point on the human body, we always do so in refer-
ence to anatomic position.

❍	 Describing a location on the human body involves the 
use of specific directional terms that describe the loca-
tion of one structure or point on the body relative to 
another structure or point on the body (Box 2-1).

 

It is important to emphasize that location terminology is relative. 
A structure of the human body that is said to be anterior is so 
named because it is anterior relative to another structure that is 
more posterior. However, that same anterior structure may be 
posterior to a third structure that is more anterior than it is. For 
example, the sternum is anterior to the spine. However, the 
sternum is posterior to the skin that lies over it. Therefore, 
depending on which structure we are comparing it with, the 
sternum may be described as anterior or posterior.

BOX
2-1

 

❍	 The reason for specific terminologies like this to exist 
is that they help us to avoid the ambiguities of lay 
language. An example of a lay term that is ambiguous 
and can create confusion and poor communication 
when describing a location on the human body is  
the word under. Under can mean inferior, or it can 
mean deep. Similarly, the word above can mean both 
superior and superficial. Therefore embracing and 
using these terms is extremely important in the health 
field, where someone’s health is dependent on clear 
communication.

❍	 These terms always come in pairs; the terms of each 
pair are opposite to each other.

❍	 These pairs of terms are similar to the terms north/
south, east/west, and up/down. However, our terms spe-
cifically relate to directions on the human body.

❍	 In essence, we are mapping the human body and using 
specific terminology to describe points on this map. In 
the following sections are the pairs of directional terms 
for naming the relative location of structures or points 
on the human body.

❍	 Once these pairs of terms for relative location have 
been learned, they may be combined to describe a 
structure or point’s location. For example, a point on 
the body may be both anterior and medial to another 
point. When these terms are combined, it is customary 
to drop the end of the first term and combine the two 
terms together with the letter o (e.g., anterior and 
medial become anteromedial). It is also common prac-
tice for the terms anterior and posterior to come first.

2.3  ANTERIOR/POSTERIOR

❍	 Anterior—Means farther to the front
❍	 Posterior—Means farther to the back
❍	 The terms anterior/posterior can be used for the entire 

body (i.e., for the axial and the appendicular body 
parts).

Examples: The sternum is anterior to the spine.
The spine is posterior to the sternum 

(Figure 2-2).
Examples: The patella is anterior to the femur.

The femur is posterior to the patella 
(see Figure 2-2).

Notes:
❍	 The terms ventral/dorsal are often used synonymously 

with anterior/posterior.
❍	 Ventral essentially means anterior.
❍	 Dorsal essentially means posterior (Box 2-2).

❍	 The term volar is occasionally used in place of ante-
rior for the hand region (dorsal is usually used as the 
opposite term in the pair).
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Sternum
Spine

Patella

Femur

FIGURE 2-2  Lateral view of a person in anatomic position. The sternum 
is anterior to the spine; conversely, the spine is posterior to the sternum. 
The patella is anterior to the femur; conversely, the femur is posterior to 
the patella.

 

Each body part has a soft, fleshy surface and a harder, firmer 
surface. The term ventral actually refers to the belly or the softer 
surface of a body part; the term dorsal refers to the back or the 
harder, firmer surface of a body part. The ventral surfaces of  
the entire upper extremity and axial body are located anteriorly; 
the ventral surface of the thigh is medial/posteromedial; the 
ventral surface of the leg is posterior; and the ventral surface  
of the foot is the inferior, plantar surface. The dorsal surfaces  
are on the opposite side of the ventral surfaces.

BOX
2-2

 

2.4  MEDIAL/LATERAL

❍	 Medial—Means closer to an imaginary line that divides 
the body into left and right halves (Figure 2-3). (Note: 
This imaginary line that divides the body into left and 
right halves is the midsagittal plane; see Section 2.8.)

❍	 Lateral—Means farther from an imaginary line that 
divides the body into left and right halves (i.e., more to 
the left side or the right side).
❍	 The terms medial/lateral can be used for the entire 

body (i.e., for the axial and the appendicular body 
parts).

Examples: The sternum is medial to the 
humerus.

The humerus is lateral to the sternum 
(see Figure 2-3).

Examples: The little finger is medial to the 
thumb.

The thumb is lateral to the little 
finger (see Figure 2-3).

Notes:
❍	 In the forearm and hand, the terms ulnar/radial can be 

used instead of medial/lateral. Ulnar means closer to 
the ulna, which is more medial. Radial means closer 
to the radius, which is more lateral.

❍	 In the leg, the terms tibial/fibular can be used instead 
of medial/lateral. Tibial means closer to the tibia, 
which is more medial. Fibular means closer to the 
fibula, which is more lateral.
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Sternum

Humerus

Little finger

Thumb

FIGURE 2-3  Anterior view of a person in anatomic position. The midline of the body, which is most medial 
in location, is represented by the vertical dashed line that divides the body into left and right halves. The 
sternum is medial to the humerus; conversely, the humerus is lateral to the sternum. The little finger is medial 
to the thumb; conversely, the thumb is lateral to the little finger.

2.5  SUPERIOR/INFERIOR AND PROXIMAL/DISTAL

❍	 Superior—Means above
❍	 Inferior—Means below
❍	 The terms superior/inferior are used for the axial body 

parts only.

Examples: The head is superior to the trunk.
The trunk is inferior to the head 

(Figure 2-4, A).
Examples: The sternum is superior to the 

umbilicus.
The umbilicus is inferior to the 

sternum (see Figure 2-4, A).

Note:
❍	 Although most sources apply these terms only to the 

axial body, some sources use these terms for the appen-
dicular body as well.

❍	 Proximal—Means closer (i.e., greater proximity) to the 
axial body

❍	 Distal—Means farther (i.e., more distant) from the axial 
body
❍	 The terms proximal/distal are used for the appen-

dicular body parts only.
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Umbilicus

BA

Sternum

Head

Trunk

Arm

Forearm

Leg

Thigh

FIGURE 2-4  Anterior views of a person in anatomic position. A, The head is superior to the trunk; conversely, 
the trunk is inferior to the head. In addition, the sternum is superior to the umbilicus; conversely, the umbilicus 
is inferior to the sternum. B, The arm is proximal to the forearm; conversely, the forearm is distal to the arm. 
In addition, the thigh is proximal to the leg; conversely, the leg is distal to the thigh.

Examples: The arm is proximal to the forearm.
The forearm is distal to the arm 

(Figure 2-4, B).
Examples: The thigh is proximal to the leg.

The leg is distal to the thigh (see 
Figure 2-4, B).

Note regarding the use of superior/inferior versus proxi-
mal/distal:
❍	 Given that the terms superior/inferior are used on the 

axial body and are not used on the appendicular body, 
and the terms proximal/distal are used on the appen-
dicular body and are not used on the axial body, a 

dilemma arises when we look to compare the relative 
location of a point that is on an extremity with a point 
that is on the axial body. For example, the psoas major 
muscle attaches from the trunk to the thigh. How 
would one describe its attachments? It is convention 
to use either one pair of terms or the other but not  
to mix the two pairs of terms. In other words, you 
could describe the attachments of this muscle as being 
superior and inferior, or you could describe them as 
being proximal and distal. Do not mix these terms and 
describe the attachments as superior and distal, or 
proximal and inferior. The terms proximal/distal are 
more commonly used.
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2.6  SUPERFICIAL/DEEP

❍	 Superficial—Means closer to the surface of the body
❍	 Deep—Means farther from the surface of the body 

(i.e., more internal or deep)
❍	 The terms superficial/deep can be used for the entire 

body (i.e., for the axial and the appendicular body 
parts).

Examples: The anterior abdominal wall muscles 
are superficial to the intestines.

The intestines are deep to the 
anterior abdominal wall muscles 
(Figure 2-5).

Examples: The biceps brachii muscle is 
superficial to the humerus (arm 
bone).

The humerus is deep to the biceps 
brachii muscle (see Figure 2-5).

Note:
❍	 Whenever designating a structure of the human body 

as superficial or deep, it is important to state the per-
spective from which one is looking at the body. This 
is important because one structure may be deep to 
another structure from one perspective but not deep 
to it from another perspective. An example is the bra-
chialis muscle of the arm. The brachialis is usually 
thought of as deep to the biceps brachii muscle because 
from the anterior perspective the brachialis is deep to 
it. As a result, many bodyworkers do not realize that 
the brachialis is superficial (deep only to the skin) and 
easily accessible and palpable laterally and medially. 
Furthermore, the deeper a structure is from one per-
spective of the body, the more superficial it is from the 
other perspective. An example is the dorsal interossei 
pedis muscles of the feet. These muscles are considered 
to be in the deepest plantar layer of musculature of the 
feet, and viewed from the plantar perspective they are 
located deep to the plantar interossei muscles. However, 

Humerus

Biceps brachii

Intestines

Anterior abdominal
wall muscle (rectus
abdominis)

FIGURE 2-5  Anterior view of a person in anatomic position. The ante-
rior perspective shows that the rectus abdominis muscle of the anterior 
abdominal wall is superficial to the intestines (located within the abdomi-
nopelvic cavity); conversely, the intestines are deep to the rectus abdomi-
nis muscle. From the anterior perspective, the biceps brachii muscle is 
superficial to the humerus; conversely, the humerus is deep to the biceps 
brachii muscle.

from the dorsal perspective, they are superficial to the 
plantar interossei muscles; and indeed, the dorsal 
interossei pedis muscles are more accessible and pal-
pable from the dorsal side.
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2.7  LOCATION TERMINOLOGY ILLUSTRATION

Figure 2-6 is an anterior view of a person, illustrating the 
terms of relative location as they pertain to the body.

Superior
(axial body only)

Inferior
(axial body only)

ANATOMIC POSITION

Proximal
(appendicular

body only)

Proximal
(appendicular

body only)

Distal
(appendicular

body only)

Distal
(appendicular

body only)

Ulnar Radial

(forearm and
hand only)

Lateral
(entire body)

Medial
(entire body)

Tibial Fibular
(leg only)

toward the front
(entire body)

Anterior

Posterior toward the back
(entire body)

Palmar

Dorsal

often used in place of
anterior on the hand.

often used in place of
posterior on the hand.

Dorsal

Plantar used for the inferior
surface of the foot.

used for the superior
surface of the foot.

FIGURE 2-6  Various directional terms of location relative to anatomic position.
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A B C D

FIGURE 2-7  Anterolateral views of the body, illustrating the four types of planes: sagittal, frontal, transverse, 
and oblique. A, Two examples of sagittal planes; a sagittal plane divides the body into left and right portions. 
B, Two examples of frontal planes; a frontal plane divides the body into anterior and posterior portions. 
C, Two examples of transverse planes; a transverse plane divides the body into upper (superior and/or proximal) 
and lower (inferior and/or distal) portions. D, Two examples of oblique planes; an oblique plane is a plane 
that is not exactly sagittal, frontal, or transverse (i.e., it has components of two or three cardinal planes). The 
upper oblique plane has frontal and transverse components; the lower oblique plane has sagittal and transverse 
components.

 2.8  PLANES

All too often, planes are presented in textbooks with an 
illustration and a one-line definition for each one.  
Consequently, students often memorize them with a 
weak understanding of what they really are and their 
importance. Because a clear and thorough understanding 
of planes greatly facilitates learning and understanding 
the motions caused by muscular contractions, the follow-
ing is presented.
❍	 We have already mapped the human body to describe 

the location of structures and/or points of the body.
❍	 However, when we want to describe motion of the 

human body, we need to describe or map the space 
through which motion occurs.

❍	 As we all know, space is three-dimensional (3-D), 
therefore to map space we need to describe its three 
dimensions.

❍	 We describe each one of these dimensions with a 
plane. Because three dimensions exist, three types of 
planes exist.

❍	 The word plane actually means a flat surface. Each of 
the planes is a flat surface that cuts through space, 
describing a dimension of space.

❍	 The three major types of planes are called sagittal, 
frontal, and transverse (Figure 2-7).

❍	 The human body or a part of the body can move in 
each of these three dimensions or planes:
❍	 A body part can move in an anterior to posterior 

(or posterior to anterior) direction. This direction 
describes the sagittal plane.

❍	 A body part can move in a left to right (or right to 
left) direction; this could also be described as a 
medial to lateral (or lateral to medial) direction of 
movement. This direction describes the frontal 
plane.

❍	 A body part can stay in place and spin (i.e., rotate). 
This direction describes the transverse plane.

❍	 These three major planes are called cardinal planes 
and are defined as follows:

2-3
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❍	 A sagittal plane divides the body into left and right 
portions.

❍	 The sagittal plane that is located down the center 
of the body and divides the body wall into equal 
left and right halves is called the midsagittal 
plane.

❍	 A frontal plane divides the body into anterior and 
posterior portions.

❍	 A transverse plane divides the body into (upper) 
superior/proximal and (lower) inferior/distal 
portions.

❍	 Please note the following:
❍	 These three cardinal planes are defined relative to 

anatomic position. (This is not to say that motion 
of the human body can be initiated only from ana-

tomic position. It only means that these three car-
dinal planes were originally defined with the body 
parts in anatomic position.)

❍	 Any plane that is not purely sagittal, frontal, 
or transverse (i.e., has components of two or  
three of the cardinal planes) is called an oblique 
plane.

❍	 The sagittal and frontal planes are oriented verti-
cally; the transverse plane is oriented horizontally.

❍	 An infinite number of sagittal, frontal, transverse, 
and oblique planes are possible.

❍	 The frontal plane is also commonly called the coronal 
plane.

❍	 The transverse plane is also commonly called the 
horizontal plane.

 2.9  MOTION OF THE HUMAN BODY WITHIN PLANES

❍	 Because an understanding of the planes is an impor-
tant part of understanding movements of the body, 
motion of the human body in each of the three planes 
should be examined. Figure 2-8, A to D illustrates 
motion of the body in the sagittal, frontal, and trans-

verse planes, as well as in an oblique plane, respec-
tively. Figure 2-8, E to H illustrates additional examples 
of motions within planes. (For a detailed discussion  
of the names of these motions, please see Chapter 5, 
Sections 5.11 through 5.25.)

A B

FIGURE 2-8  A, Anterolateral view illustrates two examples of the concept of motion of a body part within 
a sagittal plane. The head and neck are flexing (moving anteriorly) at the spinal joints, and the left forearm 
is flexing (moving anteriorly) at the elbow joint. B, Anterior view illustrates two examples of the concept of 
motion of a body part within a frontal plane. The head and neck are left laterally flexing (bending to the left 
side) at the spinal joints, and the left arm is abducting (moving laterally away from the midline) at the shoulder 
joint.

Continued

2-4
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C

E F

C, Anterior view illustrates two examples of the concept of motion of a body part 
within a transverse plane. The head and neck are rotating to the right (twisting/turning to the right) at the 
spinal joints; and the left arm is medially rotating (rotating toward the midline) at the shoulder joint. D, Anterior 
view illustrates two examples of the concept of motion of a body part within an oblique plane (i.e., a plane 
that has components of two or three of the cardinal planes). The head and neck are doing a combination of 
sagittal, frontal, and transverse plane movements (at the spinal joints). These movements are extension 
(moving posteriorly) in the sagittal plane, left lateral flexion (bending to the left side) in the frontal plane, and 
right rotation (twisting/turning to the right) in the transverse plane. The right arm is also doing a combination 
of sagittal, frontal, and transverse plane movements (at the shoulder joint). These movements are flexion 
(moving anteriorly) in the sagittal plane, adduction (moving medially toward the midline) in the frontal plane, 
and medial rotation (rotating toward the midline) in the transverse plane. E to H, Motion of the arm at the 
shoulder joint within each of the three cardinal planes and an oblique plane. A point has been drawn on the 
arm; the arc that is created by the movement of this point has also been drawn (in each case, the arc of 
motion of this point is within the plane of motion that the body part is moving within, illustrating that motion 
of a body part occurs within a plane). E, An anterolateral view illustrates the left arm flexing (moving anteriorly) 
at the shoulder joint within a sagittal plane. F, Anterior view illustrates the left arm abducting (moving laterally 
away from the midline) at the shoulder joint within a frontal plane.

FIGURE 2-8, cont’d 
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G H

 2.10  AXES

❍	 An axis (plural: axes) is an imaginary line around 
which a body part moves.

❍	 An axis is often called a mechanical axis.
❍	 Movement around an axis is called axial movement 

(Figure 2-9).
❍	 When a body part moves around an axis, it does so in 

a circular fashion. For this reason, axial movement is 
also known as circular movement.

 

Because a body part is often described as rotating around the 
axis, an axial movement can also be called a rotary movement, 
or even rotation. Indeed, an axis is often referred to as an axis 
of rotation. However, referring to axial movements as rotary or 
rotation movements can be confusing because certain axial 
movements actually have the word rotation within their name 
(spin axial movements such as right rotation, left rotation, lateral 
rotation, medial rotation), whereas other types of axial move-
ment (roll axial movements such as flexion, extension, abduction, 
adduction) do not. Therefore it is easy to confuse these different 
types of axial movements with each other. Axial movements (and 
in particular spin and roll axial movements) are discussed in 
Chapter 5, Sections 5.7 and 5.8.

BOX 
2-3

 

FIGURE 2-9  An axis is an imaginary line around which motion occurs. 
This figure illustrates the motion of a bone within a plane and around an 
axis; the axis is drawn in as a red tube. This type of movement is known 
as an axial movement. A point has been drawn on the bone, and the arc 
that is transcribed by the motion of this point can be seen to move in  
a circular path.

❍	 An axial movement can also be called an angular 
movement or a rotary movement (Box 2-3).

❍	 The terms axial movement, circular movement, angular 
movement, and rotary movement are all synonyms. The 
concept of axial movement is visited again and covered 
in more detail in Chapter 5, Sections 5.5 through 5.7.

G, Anterior view illustrates the left arm laterally rotating (rotating away from the 
midline) at the shoulder joint within a transverse plane. H, Anterior view illustrates the right arm making a 
motion that is a combination of flexion (moving anteriorly) and adduction (moving toward the midline) at the 
shoulder joint within an oblique plane.

FIGURE 2-8, cont’d 
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 2.11  PLANES AND THEIR CORRESPONDING AXES

❍	 When motion of a body part occurs, it can be described 
as occurring within a plane.
❍	 If the motion is axial, it can be further described as 

moving around an axis.
❍	 Therefore for each one of the three cardinal planes 

of the body, a corresponding cardinal axis exists; 
hence, three cardinal axes exist (Figure 2-10, A to C).

❍	 For every motion that occurs within an oblique 
plane, a corresponding oblique axis exists 
(Figure 2-10, D). Therefore an infinite number of 
oblique axes exist, one for each possible oblique 
plane.

❍	 Naming an axis is straightforward; simply describe its 
orientation.
❍	 The three cardinal axes are the mediolateral, antero-

posterior, and superoinferior (vertical) axes (see 
Figure 2-10, A to C).

❍	 Please note that an axis around which motion occurs 
is always perpendicular to the plane in which the 
motion is occurring.

❍	 An axial movement of a body part is one in which 
the body part moves within a plane and around an 
axis.

MEDIOLATERAL AXIS:

❍	 A mediolateral axis is a line that runs from medial 
to lateral (or lateral to medial [i.e., left to right or right 
to left]) in direction (see Figure 2-10, A).

❍	 Movements that occur in the sagittal plane move 
around a mediolateral axis.

❍	 The mediolateral axis is also known as the frontal-
horizontal axis because it runs horizontally and is 
located within the frontal plane.

A B C D

FIGURE 2-10  A to D, Anterolateral views that illustrate the corresponding axes for the three cardinal planes 
and an oblique plane; the axes are shown as red tubes. Note that an axis always runs perpendicular to the 
plane in which the motion is occurring. A, Motion occurring in the sagittal plane; because this motion is 
occurring around an axis that is running horizontally in a medial to lateral orientation, it is called the medio-
lateral axis. B, Motion occurring in the frontal plane; because this motion is occurring around an axis that is 
running horizontally in an anterior to posterior orientation, it is called the anteroposterior axis. C, Motion 
occurring in the transverse plane; because this motion is occurring around an axis that is running vertically in 
a superior to inferior orientation, it is called the superoinferior axis, or, more simply, the vertical axis. D, Motion 
occurring in an oblique plane; this motion is occurring around an axis that is running perpendicular to that 
plane (i.e., it is the oblique axis for this oblique plane).

2-6
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ANTEROPOSTERIOR AXIS:

❍	 An anteroposterior axis is a line that runs anterior 
to posterior (or posterior to anterior) in direction (see 
Figure 2-10, B).

❍	 Movements that occur in the frontal plane move 
around an anteroposterior axis.

❍	 The anteroposterior axis is also known as the sagittal-
horizontal axis because it runs horizontally and is 
located within the sagittal plane.

SUPEROINFERIOR AXIS:

❍	 A superoinferior axis is a line that runs from supe-
rior to inferior (or inferior to superior) in direction (see 
Figure 2-10, C).

❍	 Movements that occur in a transverse plane move 
around a superoinferior axis.

❍	 The superoinferior axis is more commonly referred to 
as the vertical axis because it runs vertically. (This 
text will use the term vertical axis because it is an easier 
term for the reader/student to visualize.)

2.12  VISUALIZING THE AXES—DOOR HINGE PIN ANALOGY

❍	 To help visualize an axis for motion, the following 
visual analogy may be helpful. An axis may be thought 
of as the hinge pin of a door. Just as a body part’s 

motion occurs around its axis, a door’s motion occurs 
around its hinge pin, which is its axis for motion 
(Figure 2-11).

A

FIGURE 2-11  A to C, Anterolateral views that compare the axes of motion for movement of the arm with 
the axes of motion for a door that is moving (i.e., opening); the axes are drawn in as red tubes. A, A trap 
door in a floor that is moving. The person standing next to the door is moving the arm in the same manner 
in which the trap door is opening. These movements are occurring in the sagittal plane. If we look at the 
orientation of the hinge pin of the door, which is its axis of motion, we will see that it is medial to lateral in 
orientation. Note that the axis for the motion of the person’s arm is also medial to lateral in orientation. Hence 
the axis for sagittal plane motion is mediolateral.

Continued
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B

B, A trap door in a floor that is moving (i.e., opening). The person standing next 
to the door is moving the arm in the same manner in which the trap door is opening. These movements are 
occurring in the frontal plane. If we look at the orientation of the hinge pin of the door, which is its axis of 
motion, we will see that it is anterior to posterior in orientation. Note that the axis for the motion of the 
person’s arm is also anterior to posterior in orientation. Hence the axis for frontal plane motion is 
anteroposterior.

FIGURE 2-11, cont’d 
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C

C, A door that is moving (i.e., opening). The person standing next to the door is 
moving the arm in the same manner in which the door is opening. These movements are occurring in the 
transverse plane. If we look at the orientation of the hinge pin of the door, which is its axis of motion, we 
will see that it is superior to inferior in orientation (i.e., it is vertical). Note that the axis for the motion of the 
person’s arm is also superior to inferior in orientation. Hence the axis for transverse plane motion is vertical.

2.13  VISUALIZING THE AXES—PINWHEEL ANALOGY

❍	 Another visual analogy that may be helpful for 
determining the axis of motion is a pinwheel. When 
a child blows on a pinwheel, its wheel spins in a  
plane, and the pin is the axis around which the  
wheel spins. If you orient the motion of the wheel  
in any one of the three cardinal planes, then naming 
the orientation of the pin of the pinwheel will  
name the axis for that plane’s motion (Figure 2-12, A 
to C).

❍	 The face of a clock is another good example of motion 
within a plane and around an axis. The hands of  
the clock move within the plane of the face of the 
clock. The pin that fastens the arms to the clock  
face, is the axis around which the hands move. If  
the clock is oriented to be in the sagittal, frontal, or 
transverse plane relative to your body, then describing 
the orientation of the pin in each case illustrates the 
axis.

FIGURE 2-11, cont’d 
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A B

C

FIGURE 2-12  A to C, Anterior views that compare the axes of motion for movement of the head and neck 
with the axes of motion for the wheel of a pinwheel. The pin of the pinwheel represents the axis of motion 
of the pinwheel; the axes are drawn in as red tubes or a red dot. A, The motion of the person’s head and 
neck and the motion of the wheel of the pinwheel are in the sagittal plane; the axis for sagittal plane motion 
is mediolateral. B, The motion of the person’s head and neck and the motion of the wheel of the pinwheel 
are in the frontal plane; the axis for frontal plane motion is anteroposterior (red dot). C, The motion of the 
person’s head and neck and the motion of the wheel of the pinwheel are in the transverse plane; the axis for 
transverse plane motion is vertical.
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REVIEW QUESTIONS

	 Answers to the following review questions appear on the Evolve website accompanying this book at: 
http://evolve.elsevier.com/Muscolino/kinesiology/.

1.	 What is the position of the body when it is in 
anatomic position?

2.	 What is the importance of anatomic position?

3.	 What are the five major pairs of directional terms 
for naming the location of a structure of the body 
or a point on the body?

4.	 In what parts of the body can each of the pairs of 
directional terms of location be used?

5.	 If point A is located farther toward the front of 
the body than point B is, then how do we 
describe the location of point A? Point B?

6.	 If point A is located closer to the midline of the 
body than point B is, then how do we describe 
the location of point A? Point B?

7.	 If point A is located on the axial body closer to the 
top of the body than point B is, then how do we 
describe the location of point A? Point B?

8.	 If point A is located on the appendicular body 
closer to the axial body than point B is, then how 
do we describe the location of point A? Point B?

9.	 If point A is located both farther toward the front 
and farther toward the midline of the body than 
point B is, then how do we describe the location 
of point A? Point B?

10.	 If point A is located closer to the surface of the 
body than point B is, then how do we describe 
the location of point A? Point B?

11.	 What is a plane, and what is the importance of 
understanding the concept of planes?

12.	 What are the four types of planes?

13.	 What is an axis, and what is the importance of 
understanding the concept of axes?

14.	 What are the corresponding axes for each of the 
three cardinal planes?

15.	 What is the relationship between axial motion and 
planes and axes?

16.	 Regarding axial motion, how is the hinge pin of a 
door or the pin of a pinwheel analogous to the 
axis?

http://evolve.elsevier.com/Muscolino/kinesiology/
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CHAPTER  3 

PART II

Skeletal Osteology: Study of the Bones

Skeletal Tissues

CHAPTER OUTLINE

Section 3.1	 Classification of Bones by Shape
Section 3.2	 Parts of a Long Bone
Section 3.3	 Functions of Bones
Section 3.4	 Bone as a Connective Tissue
Section 3.5	 Compact and Spongy Bone
Section 3.6	 Bone Development and Growth
Section 3.7	 Fontanels
Section 3.8	 Fracture Healing

Section 3.9	 Effects of Physical Stress on Bone
Section 3.10	 Cartilage Tissue
Section 3.11	 Fascia
Section 3.12	 The Fascial Web
Section 3.13	 Fascial Response to Physical Stress
Section 3.14	 Tendons and Ligaments
Section 3.15	 Bursae and Tendon Sheaths
Section 3.16	 Properties of Skeletal Tissues

CHAPTER OBJECTIVES

After completing this chapter, the student should be able to perform the following:

1.	 List the four major classifications of bones by 
shape, and give an example of each one.

2.	 Place sesamoid bones into their major category of 
bones by shape, and give an example of a 
sesamoid bone.

3.	 Explain the concept of a supernumerary bone, 
and give an example of a supernumerary 	
bone.

4.	 List and describe the major structural aspects of a 
long bone.

5.	 List and describe the five major functions of 
bones.

6.	 List and describe the components of bone as a 
connective tissue.

7.	 Describe, compare, and contrast the structure of 
compact and spongy bone.

8.	 Describe, compare, and contrast the two methods 
of bone development and growth: 	
(1) endochondral ossification and 	
(2) intramembranous ossification.

9.	 Explain the purpose of the fontanels of the 
infant’s skull.

10.	Name, locate, and state the closure time of the 
major fontanels of the infant’s skull.

11.	Describe the steps by which a fractured bone 
heals.

12.	 State and explain the meaning and importance of 
Wolff’s law to the human skeleton and the fields 
of bodywork and exercise.

13.	 Explain the relationship of the piezoelectric effect 
to Wolff’s law.

14.	 Explain the relationship between Wolff’s law and 
degenerative joint disease (DJD) (also known as 
osteoarthritis [OA]).

15.	 List and describe the components of cartilage as a 
connective tissue.

16.	Compare and contrast the three types of cartilage 
tissue.

17.	Compare and contrast fibrous fascia and loose 
fascia.

18.	Describe the structure and function of the fascial 
web.

19.	Describe the two major responses of fascia to 
physical stress.

20.	Compare and contrast the structure and function 
of tendons and ligaments.

21.	 Explain why tendons and ligaments do not heal 
well when injured.
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22.	Compare and contrast the structure and function 
of bursae and tendon sheaths.

23.	Compare and contrast the concepts of elasticity 
and plasticity.

24.	 Relate the concepts of creep, thixotropy, and 
hysteresis to the fields of bodywork and exercise.

25.	Define the key terms of this chapter.
26.	 State the meanings of the word origins of this 

chapter.

OVERVIEW

Many tissues contribute to the structure and function 
of the skeletal system; chief among them is bone tissue. 
The first sections of this chapter examine bone tissue 
macrostructure, microstructure, functions, and physiol-
ogy. The later sections of this chapter then cover the 

fascial connective tissues that are necessary for skeletal 
system structure and function. These other tissues are 
cartilage, fibrous fascia, tendon, ligament, bursae, and 
tendon sheaths. The last section then covers the general 
properties that apply to all skeletal connective tissues.

KEY TERMS

Adipocytes (a-DIP-o-sites)
Alpha–smooth muscle actin (AL-fa)
Anatomy train
Anterior fontanel (an-TEER-ee-or FON-ta-nel)
Anterolateral fontanel (AN-teer-o-LAT-er-al)
Aponeurosis, pl. aponeuroses (AP-o-noo-RO-sis, 

AP-o-noo-RO-seez)
Areolar fascia (AIR-ee-o-lar)
Articular cartilage (ar-TIK-you-lar KAR-ti-lij)
Articular surface
Bone marrow
Bone spur
Bony callus
Bursa, pl. bursae (BER-sa, BER-see)
Bursitis (ber-SIGH-tis)
Calcitonin (KAL-si-TO-nin)
Callus
Canaliculus, pl. canaliculi (KAN-a-LIK-you-lus, 

KAN-a-LIK-you-lie)
Cancellous bone (KAN-se-lus)
Cartilage (KAR-ti-lij)
Cell-to-cell web
Chondroblast (KON-dro-blast)
Chondrocyte (KON-dro-site)
Chondroitin sulfate (kon-DROY-tin SUL-fate)
Collagen fibers (KOL-la-jen)
Compact bone
Connective tissue
Contractility
Cortex (KOR-teks)
Cortical surface (KOR-ti-kal)
Creep (KREEP)
Cytoplasmic processes (SI-to-PLAZ-mik)
Deep fascia (FASH-a)
Degenerative joint disease
Dense fascia (FASH-a)
Diaphysis, pl. diaphyses (die-AF-i-sis, die-AF-i-seez)
Elastic cartilage
Elasticity
Elastin fibers (ee-LAS-tin)

Endochondral ossification (en-do-KON-dral 
OS-si-fi-KAY-shun)

Endosteum (en-DOS-tee-um)
Epiphysial disc (e-PIF-i-zee-al)
Epiphysial line
Epiphysis, pl. epiphyses (e-PIF-i-sis, e-PIF-i-seez)
Extracellular matrix
Extracellular-to-intracellular web
Fascia (FASH-a)
Fascial net (FASH-al)
Fascial web
Fibroblast (FI-bro-blast)
Fibrocartilage (FI-bro-KAR-ti-lij)
Fibronectin molecules (FI-bro-NECK-tin)
Fibrous fascia (FI-brus FASH-a)
Flat bones
Focal adhesion molecules
Fontanel (FON-ta-NEL)
Frontal fontanel
Gel state (JEL)
Glucosamine (glue-KOS-a-meen)
Ground substance
Growth plate
Haversian canal (ha-VER-zhun)
Hematoma (HEEM-a-TOME-a)
Hematopoiesis (heem-AT-o-poy-E-sis)
Hyaline cartilage (HI-a-lin KAR-ti-lij)
Hydroxyapatite crystals (hi-DROK-see-AP-a-TIGHT)
Hysteresis (his-ter-E-sis)
Integrin molecules (in-TEG-rin)
Intramembranous ossification (in-tra-MEM-bran-us 

OS-si-fi-KAY-shun)
Irregular bones
Kinesiology (ki-NEE-see-OL-o-gee)
Lacuna, pl. lacunae (la-KOO-na, la-KOO-nee)
Langer’s lines (LANG-ers)
Lever
Ligament (LIG-a-ment)
Long bones
Loose fascia
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Macrophages (MA-kro-fazsh-is)
Mast cells
Mastoid fontanel (MAS-toyd FON-ta-NEL)
Matrix (MAY-triks)
Medullary cavity (MEJ-you-LAR-ree)
Membrane (MEM-brain)
Myofascial meridian (MY-o-FASH-al)
Myofibroblast (MY-o-FI-bro-blast)
OA
Occipital fontanel (ok-SIP-i-tal FON-ta-NEL)
Ossification center (OS-si-fi-KAY-shun)
Osteoarthritis (OS-tee-o-ar-THRI-tis)
Osteoblast (OS-tee-o-BLAST)
Osteoclast (OS-tee-o-KLAST)
Osteocyte (OS-tee-o-SITE)
Osteoid tissue (OS-tee-OYD)
Osteon (OS-tee-on)
Osteonic canal (OS-tee-ON-ik)
Parathyroid hormone (PAR-a-THI-royd)
Perichondrium (per-ee-KON-dree-um)
Periosteum (per-ee-OS-tee-um)
Periostitis (PER-ee-ost-EYE-tis)
Piezoelectric effect (PIE-zo-e-LEK-trik)
Plasticity (plas-TIS-i-tee)
Posterior fontanel (pos-TEER-ee-or FON-ta-nel)
Posterolateral fontanel (POS-teer-o-LAT-er-al)
Primary ossification center
Proteoglycans (PRO-tee-o-GLY-kans)
Protomyofibroblast (PRO-to-MY-o-FI-bro-blast)
Radiograph (RAY-dee-o-graf)
Red bone marrow
Reticular fibers (re-TIK-you-lar)

Retinaculum, pl. retinacula (ret-i-NAK-you-lum, 
ret-i-NAK-you-la)

Round bones
Secondary ossification centers
Sesamoid bones (SES-a-moyd)
Short bones
Sol state (SOLE)
Sphenoid fontanel (SFEE-noyd FON-ta-NEL)
Spongy bone
Sprain
Strain
Stretch
Subchondral bone
Subcutaneous fascia (SUB-cue-TANE-ee-us FASH-a)
Supernumerary bones (soo-per-NOO-mer-air-ee)
Synovial tendon sheath (si-NO-vee-al)
Tendinitis (ten-di-NI-tis)
Tendon
Tendon sheath
Tenosynovitis (TEN-o-sin-o-VI-tis)
Tensile (TEN-sile)
Tensile strength
Thixotropy (thik-SOT-tro-pee)
Trabecula, pl. trabeculae (tra-BEK-you-la, 

tra-BEK-you-lee)
Viscoelasticity (VIS-ko-ee-las-TIS-i-tee)
Viscoplasticity (VIS-ko-plas-TIS-i-tee)
Volkmann’s canal (FOK-mahns ka-NAL)
Weight bearing
Wolff’s law (WOLF or VULF)
Wormian bones (WERM-ee-an)
Yellow bone marrow

WORD ORIGINS

❍	 A (an)—From Latin a, meaning not, without
❍	 Adip—From Latin adeps, meaning fat
❍	 Arthr—From Greek arthron, meaning a joint
❍	 Articular—From Latin articulus, meaning a joint
❍	 Blastic—From Greek blastos, meaning to bud, to 

build, to grow
❍	 Chondr—From Greek chondros, meaning cartilage
❍	 Clastic—From Greek klastos, meaning to break up 

into pieces
❍	 Cortical—From Latin cortex, meaning outer portion 

of an organ, bark of a tree
❍	 Cyte—From Greek kyton, meaning a hollow, cell
❍	 Endo—From Greek endon, meaning within, inner
❍	 Epi—From Greek epi, meaning on, upon
❍	 Extra—From Latin extra, meaning outside
❍	 Fascia—From Latin fascia, meaning bandage, band
❍	 Fibr, fibro—From Latin fibra, meaning fiber
❍	 Graph—From Greek grapho, meaning to write
❍	 Hem, hemato—From Greek haima, meaning blood
❍	 Hyaline—From Greek hyalos, meaning glass
❍	 Intra—From Latin intra, meaning within, inner

❍	 Itis—From Greek itis, meaning inflammation
❍	 Kines—From Greek kinesis, meaning movement, 

motion
❍	 Medulla—From Latin medulla, meaning inner 

portion, marrow
❍	 Myo—From Greek mys, meaning muscle
❍	 Num—From Latin numerus, meaning number
❍	 Oid—From Greek eidos, meaning resembling, 

appearance
❍	 Ology—From Greek logos, meaning study of, 

discourse, word
❍	 Os, ossi—From Latin os, meaning bone
❍	 Ost, osteo—From Greek osteon, meaning bone
❍	 Peri—From Greek peri, meaning around
❍	 Physi, physio—From Greek physis, meaning body, 

nature
❍	 Piezo—From Greek piesis, meaning pressure
❍	 Poiesis—From Greek poiesis, meaning production, 

making
❍	 Proto—From Greek protos, meaning first
❍	 Tens—From Latin tensio, meaning a stretching
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3.1  CLASSIFICATION OF BONES BY SHAPE

❍	 Structurally, bones can be divided into four major cat-
egories based on their shape (Figure 3-1).
❍	 These four major classifications by shape are:

❍	 Long bones
❍	 Short bones
❍	 Flat bones
❍	 Irregular bones

❍	 These classifications can be useful when discussing 
the structure and function of bones. However, it 
should be kept in mind that all classification systems 
are at least somewhat arbitrary, and not every bone 
fits perfectly into one category; sometimes the clas-
sification of a bone may be difficult because it has 
attributes of two or more categories.

❍	 Long bones are long (i.e., they have a longitudinal 
axis to them). This longitudinal axis is the shaft of the 
bone. At each end of the shaft of a long bone is an 
expanded portion that forms a joint (articulates) with 
another bone. (See Section 3.2 for the anatomy of a 
long bone in more detail.)
❍	 Examples of long bones are humerus, femur, radius, 

ulna, tibia, fibula, metacarpals, metatarsals, and 
phalanges. Even though some of the phalanges are 
quite short in length, they still have a longitudinal 
axis (i.e., a length to them) with expanded ends; 
therefore they qualify as long bones.

FIGURE 3-1  The four major classifications (shapes) of 
bones, as well as a sesamoid bone. A, Anterior view of the 
full human skeleton. B, The carpals (wrist bones), which are 
examples of short bones. C, A humerus, which is an example 
of a long bone. D, A sternum, which is an example of a flat 
bone. E, A vertebra, which is an example of an irregular bone. 
F, A patella (i.e., kneecap), which is an example of a sesamoid 
bone; sesamoid bones are considered to be a type of irregular 
bone.

C

A

B F

E

D

❍	 Short bones are short (i.e., they are approximately as 
wide as they are long, and they are often described as 
being cube shaped).
❍	 Examples of short bones are the carpals of the 

wrist.
❍	 Tarsal bones of the ankle region are also considered 

to be short bones. An exception is the calcaneus 	
(see Section 4.8, Figures 4-53 to 4-57), which is 
considered to be an irregular bone, not a short 
bone.

❍	 Flat bones are flat; that is, they are broad and thin, 
with either a flat or perhaps a curved surface.
❍	 Examples of flat bones are the ribs, sternum, cranial 

bones of the skull, and scapula (Box 3-1).

Given that the scapula has a spine, and acromion and coracoid 
processes, an argument could be made that it is an irregular 
bone. However, most sources place it as a flat bone.

 
BOX 
3-1

 

❍	 Irregular bones are irregular in shape (i.e., they do not 
neatly fall into any of the three preceding categories). 
They are neither clearly long, nor short, nor flat.
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a person has more than the usual number of 206 
bones, these additional bones are called supernu-
merary bones. The following are examples of super-
numerary bones:
❍	 Additional sesamoid bones (other than the two 

patellae) are considered to be supernumerary bones. 
Sesamoid bones are also usually present at the 
thumb and big toe. Many individuals have 	
additional sesamoids beyond the patellae and the 
sesamoids of the thumb and big toe, that are usually 
located at other fingers.

❍	 Wormian bones are small bones that are some-
times found in the suture joints between cranial 
bones of the skull.

❍	 Note: Occasionally, individuals have additional 
anomalous bones such as a sixth lumbar vertebra or 
cervical ribs.

❍	 Examples of irregular bones are the vertebrae of the 
spine, the facial bones of the skull, and sesamoid 
bones.

❍	 Sesamoid bones are so named because they are 
shaped like a sesame seed—in other words, they are 
round. Because sesamoid bones are round in shape, 
they are also known as round bones. Some sources 
consider sesamoid bones to be a separate fifth cat-
egory of bones.

❍	 The number of sesamoid bones in the human 
body varies from one individual to another. 	
The only sesamoid bones that are consistently 
found in all people are the two patellae 
(kneecaps).

❍	 Additional bones: The number of bones in the human 
skeleton is usually said to be 206. This number can 
vary slightly from individual to individual. Whenever 

3.2  PARTS OF A LONG BONE

❍	 As Section 3.1 demonstrates, no one typical bone exists 
in the human skeleton; great differences in size and 
shape exist among bones. Even though differences 
exist among the various bones, it is valuable to examine 
the parts of a long bone (Figure 3-2) to gain a better 
understanding of the typical structure of bones in 
general.

PARTS OF A LONG BONE

Diaphysis:
❍	 The diaphysis is the shaft of a long bone; its shape is 

that of a hollow cylindric tube.
❍	 The purpose of the diaphysis is to be a rigid tube that 

can withstand strong forces without bending or break-
ing; it must accomplish this without being excessively 
heavy.

❍	 The diaphysis is composed of compact bone tissue 
with a thin layer of spongy bone tissue lining its inside 
surface. For more information on compact and spongy 
bone tissue, see Section 3.5.

❍	 Located within the diaphysis at its center is the medul-
lary cavity, which contains bone marrow.

Epiphysis:
❍	 An epiphysis (plural: epiphyses) is the expanded end 

of a long bone found at each end of the diaphysis. 
Hence, each long bone has two epiphyses.

❍	 The purpose of an epiphysis is to articulate (form a 
joint) with another bone.

❍	 By expanding, the epiphysis widens out, allowing for 
a larger joint surface, thus increasing the stability of 
the joint.

❍	 The epiphysis is composed of spongy bone with a thin 
layer of compact bone tissue around the periphery.

❍	 The spaces of spongy bone within the epiphysis 
contain red marrow.

❍	 The articular surface of the epiphysis is covered with 
articular cartilage.

Articular Cartilage:
❍	 Articular cartilage covers the articular surfaces 

(i.e., joint surfaces) of a bone.
❍	 Articular cartilage is a softer tissue than bone, and its 

purpose is to provide cushioning and shock absorption 
for the joint.

❍	 Articular cartilage is composed of hyaline cartilage. For 
more details on hyaline cartilage, see Section 3.10.

❍	 It is worth noting that articular cartilage has a very 
poor blood supply; therefore it does not heal well after 
it has been damaged (Box 3-2).

The process of degenerative joint disease (DJD) (or osteoar-
thritis [OA]) involves degeneration of the articular cartilage at 
a joint.

 
BOX 
3-2

 

Periosteum:
❍	 Periosteum surrounds the entire bone, except for the 

articular surfaces, which are covered with articular 
cartilage.

❍	 Periosteum is a thin dense fibrous membrane.
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FIGURE 3-2  This is a view of a long bone (i.e., the femur) with the 
proximal portion opened up to expose the interior of the bone. The major 
structural components of a long bone are the diaphysis (i.e., the shaft) 
and the expanded ends (i.e., the epiphyses). Periosteum lines the entire 
outer surface of the bone, except the articular surfaces (i.e., joint surfaces), 
which are covered with articular cartilage. The inside of the diaphysis is 
primarily composed of compact bony tissue and also houses the medullary 
cavity, in which bone marrow is found. The epiphyses are primarily com-
posed of spongy bone tissue.

Articular cartilage

Spongy bone

Space containing
red marrow

Yellow marrow

Compact bone

Medullary cavity

Endosteum

Periosteum

Femur

Distal
epiphysis

Diaphysis

Proximal
epiphysis

Epiphyseal discs

The fact that periosteum is pain sensitive is clear to anyone who 
has ever banged the shin against a coffee table. The shin is the 
anterior shaft of the tibia where very little soft tissue exists 
between the skin and the bone to cushion the blow to the 
periosteum. Any trauma that causes inflammation of the peri-
osteum is technically called periostitis but is often known in 
lay terms as a bone bruise.

 
BOX 
3-3

 

❍	 To house cells that are important in forming and 
repairing bone tissue.

❍	 To house the blood vessels that provide vascular 
supply to the bone.

❍	 The periosteum of bone is highly innervated with 
nerve fibers and very pain sensitive when bruised 	
(Box 3-3).

Medullary Cavity:
❍	 The medullary cavity is a tubelike cavity located 

within the diaphysis of a long bone.
❍	 The medullary cavity houses a soft tissue known as 

bone marrow (red marrow and/or yellow bone 
marrow). For more details on bone marrow, see 	
Section 3.3.

Endosteum:
❍	 The endosteum is a thin membrane that lines the 

inner surface of the bone within the medullary cavity.
❍	 The endosteum (like the periosteum) contains cells 

that are important in forming and repairing bone.

Other Components of a Bone:
❍	 All bones are highly metabolic organs that require a 

rich blood supply. Therefore they are well supplied 
with arteries and veins.

❍	 Bones are also well innervated with sensory and auto-
nomic motor neurons (i.e., nerve cells). The perios-
teum of bones is particularly well innervated with 
sensory neurons.

3.3  FUNCTIONS OF BONES

❍	 Bones serve many functions in our body; the five 
major functions of bones are listed at the end of this 
paragraph. Of these five major functions, the first two, 
structural support of the body and providing levers for 
body movements, are the two most important func-

tions for bodyworkers, trainers, and students of 
kinesiology.
❍	 Structural support of the body
❍	 Provide levers for body movements
❍	 Protection of underlying structures

❍	 Periosteum has many purposes:
❍	 To provide a site of attachment for tendons of 

muscles and ligaments. Fibers of tendons and liga-
ments literally interlace into the periosteal fibers of 
bone, thereby firmly anchoring the tendons and 
ligaments to the bone.
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❍	 Blood cell formation
❍	 Storage reservoir for calcium

STRUCTURAL SUPPORT OF THE BODY:

❍	 Bones create a skeletal structure that provides a rigid 
framework for the body. Using this framework, many 
tissues of the body literally attach to bones of the 
skeleton.
❍	 For example, the brain is attached by soft tissue (i.e., 

meninges) to the cranial bones, and the internal 
visceral organs of the abdominopelvic cavity are 
literally suspended from the spine by soft tissue 
ligaments (Figure 3-3).

❍	 Furthermore, the skeleton bears the weight of the 
tissues of the body and transfers this weight through 
the lower extremities to the ground (see Figure 3-3).

❍	 The study of posture is largely concerned with under-
standing the manner in which bones create an effec-
tive and healthy skeletal support structure for the 
tissues of the body. The topic of posture is covered in 
more detail in Chapter 18.

PROVIDE LEVERS FOR BODY MOVEMENTS:

❍	 The bones of the body are somewhat rigid elements 
that define the parts of the body.

❍	 For example, the arm is defined by the presence of 
the humerus; the forearm is defined by the presence 
of the radius and ulna.

❍	 By providing a rigid element within the body part, the 
bone of a body part provides a site to which muscles 
can attach. The force of a muscle contraction can then 
create movement of the bone and consequently move-
ment of the body part within which the bone is 
located.

❍	 In this manner, a bone is a lever for movement of a 
body part (Figure 3-4). This function of bones—provid-
ing levers for muscles to move parts of the body—is 
key to the study of kinesiology. Kinesiology literally 
means the study of movement. Because movement 
occurs by the forces of muscle contractions acting on 
bony levers, kinesiology is the study of the function of 
the musculoskeletal system. (For more information on 
levers, see Sections 14.6 to 14.8.)

PROTECTION OF UNDERLYING STRUCTURES:

❍	 Physical damage to our body from traumas such as 
falls, motor vehicle accidents, and sports injuries is 
always a danger. Some tissues and organs of our body 
are particularly sensitive to trauma, are critical to life, 
and need to be protected. Because bone tissue is rigid, 
it is ideal for providing protection to these underlying 
structures. For example:
❍	 The brain is safely encased within the cranial cavity, 

fully surrounded by the bones of the cranium 
(Figure 3-5, A).

❍	 The spinal cord is located within the spinal canal, 
surrounded by the bony vertebrae.

FIGURE 3-3  Bones create a skeletal structure that provides a rigid 
framework for the body. This rigid framework supports the internal 
organs, as can be seen in this illustration in which the internal organs of 
the abdominopelvic cavity literally hang from, and are thereby supported 
by, the spine. Furthermore, this rigid structure provides a weight-bearing 
structure through which the weight of the body parts that are located 
superiorly passes. The arrow drawn over the lower aspect of the spinal 
column represents the force of the weight of the body traveling through 
the spine.
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FIGURE 3-4  A bone provides a rigid lever by which a muscle can move 
a body part. The muscle pictured here attaches from the humerus of the 
arm to the radius of the forearm. This muscle is contracting, exerting an 
upward pull on the radius, causing the radius to move toward the 
humerus. Because the radius is rigid, when it moves the entire forearm 
moves. (Note: The muscle here does not represent an actual muscle in 
the human body. It is drawn only to illustrate the concept of how levers 
work.)
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❍	 The heart and lungs are located within the thoracic 
cavity, protected by the sternum and rib cage.

BLOOD CELL FORMATION:

❍	 Bones house red bone marrow (also known as red 
marrow), the soft connective tissue that makes blood 
cells (Figure 3-5, B).

❍	 This process of blood cell production is called 
hematopoiesis.

❍	 It is important to point out that red marrow produces 
all types of blood cells: red blood cells, white blood 
cells, and platelets.

❍	 Red marrow is located within the medullary cavity of 
long bones and the spaces of spongy bone tissue.

❍	 In children, red marrow is found in most every bone 
of the body. However, as a person ages, the red bone 
marrow is gradually replaced with yellow bone 

FIGURE 3-5  Three additional functions of bones. A, Bones protect underlying structures of the body. A hard 
object is seen hitting the head. The brain, located within the cranial cavity, is largely protected from the force 
of this blow by the bones of the skull. B, Hematopoiesis (i.e., the formation of blood cells). The red bone 
marrow seen in the medullary cavity of this long bone functions to create red blood cells, white blood cells, 
and platelets. C, Bones act as a reservoir or bank for blood levels of calcium. When the blood level of calcium 
is low, the body secretes parathyroid hormone, which causes the release of calcium from the bones into the 
bloodstream. When the blood level of calcium is high, the body secretes the hormone calcitonin, which causes 
excess calcium from the bloodstream to be deposited back into the bones.
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marrow (also known as yellow marrow); yellow 
marrow is essentially fat cells and therefore is not 
active in hematopoiesis.

❍	 In an adult, red marrow is found primarily in the 
spongy bone tissue of the axial skeleton (skull, sternum, 
ribs, clavicles, vertebrae, and pelvis) and in the medul-
lary cavities of the humerus and femur.

STORAGE RESERVOIR FOR CALCIUM:

❍	 Calcium is a mineral that is critical to the functioning 
of the human body.
❍	 Calcium is necessary for the conduction of impulses 

in the nervous system, the contraction of muscles, 
and the clotting of blood.

❍	 Because calcium is necessary for life, it is vital for the 
body to maintain proper levels of calcium in the 
bloodstream.
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❍	 When dietary intake of calcium is insufficient to meet 
the needs of the body, calcium can be taken from the 
bones to increase the blood level of calcium; when 
dietary intake of calcium exceeds the need by the 
body, calcium in the bloodstream can be deposited 
back into the bones.

❍	 The hormone parathyroid hormone (from the 
parathyroid glands) is responsible for withdrawing 
calcium from the bones; the hormone calcitonin 
(from the thyroid gland) is responsible for depositing 
calcium back into the bones.

❍	 The type of bone cell that causes the release of calcium 
from the bones into the bloodstream is an osteoclast; 
the type of bone cell that causes the deposition of 
calcium from the bloodstream back into bones is an 
osteoblast. (For more information on bone cells, see 
Section 3.4.)

❍	 In this manner the bones act as a reservoir or bank from 
which calcium can be withdrawn and deposited, 
thereby maintaining proper blood levels of calcium for 
the body to function (see Figure 3-5, C).

3.4  BONE AS A CONNECTIVE TISSUE

❍	 Bone is a type of connective tissue. As such, it is 
composed of bone cells and matrix (Box 3-4).

Four major tissues exist in the human body: (1) nervous tissue 
(carries electrical impulses), (2) muscular tissue (contracts), (3) 
epithelial tissue (lines body surfaces open to a space or cavity), 
and (4) connective tissue (the most diverse of the four groups, 
generally considered to connect aspects of the body).

The matrix of a connective tissue is defined as everything 
other than the cells and is often divided into the fiber compo-
nent and the ground substance component. With regard to bone 
tissue, the fibers are collagen fibers and make up a portion of 
the organic matrix of bone; the remainder of the matrix (both 
organic and inorganic) is the ground substance.

 
BOX 
3-4

 

❍	 The matrix of bone is often divided into its organic 
gel-like component and its inorganic rigid 
component.

BONE CELLS:

❍	 Three types of bone cells exist:
❍	 Osteoblasts: Osteoblasts build up bone tissue by 

secreting matrix tissue of the bone.
❍	 Osteocytes: Once osteoblasts are fully surrounded 

by the matrix of bone and lie within small cham-
bers within the bony matrix, they are called 
osteocytes.

❍	 These small chambers are called lacunae (singular: 
lacuna). (For more information on lacunae, see 
Section 3.5.)

❍	 Osteoclasts: Osteoclasts break down bone tissue 
by breaking down the matrix tissue of the bone.

❍	 It is important to realize that bone is a dynamic living 
tissue that has a balance of osteoblastic and osteoclas-
tic activity occurring. This is true when a bone is 
growing, when it is repairing after an injury, and when 
calcium is being withdrawn and deposited into bone 

to maintain proper blood levels of calcium (which 
occurs throughout our entire life).

ORGANIC MATRIX:

❍	 The gel-like organic matrix of bone adds to the resil-
iency of bone. Certainly bones are more rigid than soft 
tissues of the body, but the organic gel-like component 
of bone matrix that is present in living bone gives it 
much more resiliency than the dried up fossilized 
bones that we see in a museum and often think of 
when we think of bones.

❍	 The organic component of matrix is composed of col-
lagen fibers and the gel-like osteoid tissue.

❍	 This gel-like osteoid tissue contains large molecules 
called proteoglycans. Proteoglycans are protein/
polysaccharide molecules that are composed primarily 
of glucosamine and chondroitin sulfate molecules. 
Their major purpose is to trap fluid so that bone tissue 
does not become too dry and brittle. The composition 
of a living healthy bone is approximately 25% water. 
(For more information on proteoglycans, see Section 
3.10.)

❍	 Within this gel-like proteoglycan mix, collagen fibers 
are created and deposited by fibroblastic cells.

❍	 Collagen fibers primarily add to a bone’s tensile 
strength (its ability to withstand pulling forces) 	
(Box 3-5).

Vitamin C is necessary for the production of collagen, and if its 
intake in the diet is insufficient, a condition called scurvy occurs. 
Hundreds of years ago, sailors at sea would often come down 
with this disease because of the lack of fresh foods containing 
vitamin C on long sea journeys. The British were the first to 
realize that if they took a certain fresh food on board their ships, 
their sailors would not get scurvy. The fresh food that they 
carried with them was limes. For this reason, people from Britain 
have long been known as limeys.

 
BOX 
3-5
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INORGANIC MATRIX:

❍	 The inorganic component of matrix is composed of 
the mineral content of bone (i.e., the calcium-	
phosphate salts of bone).

❍	 These calcium-phosphate salts are also known as 
hydroxyapatite crystals.

❍	 The calcium-phosphate salts give bone its rigidity.

3.5  COMPACT AND SPONGY BONE

❍	 The manner in which the components of bone tissue 
(cells and matrix) are organized can vary. Two different 
arrangements of bone tissue exist (Figure 3-6):
❍	 Compact bone has a compact ordered arrange-

ment of bone tissue.
❍	 Spongy bone has an arrangement of bone tissue 

that is less compact, containing irregular spaces, 
that gives this tissue the appearance of a sponge.
❍	 Spongy bone is also known as cancellous bone.

COMPACT BONE:

❍	 As stated, compact bone has a very ordered, tightly 
packed arrangement of the bony tissue.

❍	 Compact bone is primarily found in the shafts of long 
bones, where it provides rigidity to the shaft. Compact 
bone also lines the outer surface of the epiphyses of 
long bones and the outer surface of all other bones 
(i.e., short, flat, and irregular bones) (Box 3-6).

supply to get their nourishment via diffusion from the 
blood vessels located within the osteonic canals.

❍	 Each osteocyte is located within a small chamber, sur-
rounded by the matrix of bone. This small chamber is 
called a lacuna (plural: lacunae) (Figure 3-8).

❍	 Very small canals called canaliculi (singular: canalicu-
lus) connect one lacuna to another lacuna. Osteocytes 
send small cytoplasmic processes through these cana-
liculi to communicate with adjacent osteocytes in 
other lacunae. As a result of these processes, bone cells 
can communicate very well with one another, and 
bone tissue is very responsive to changes in its 
environment.

SPONGY BONE:

❍	 As stated, spongy bone has many irregular spaces that 
give it the appearance of a sponge (see Figure 3-6). 
These spaces allow for a lighter weight while still pro-
viding adequate rigidity to the bone.

❍	 Spongy bone is primarily found in the epiphyses of 
long bones and the center of all other bones (i.e., 
short, flat, and irregular bones).

❍	 A small amount of spongy bone is also found within 
the shafts of long bones (see Figure 3-7, B).

❍	 Because spongy bone has many spaces within it that 
allow for diffusion of nutrients from the blood supply, 
no need exists for osteonic canals and the ordered 
arrangement of osteocytes in lacunae around the blood 
vessel in the osteonic canal. Therefore no need exists 
for the ordered arrangement of osteons.

❍	 Spongy bone consists of a latticework of bars and 
plates of bony tissue called trabeculae (singular: tra-
becula). Between these plates are the spaces of spongy 
bone (see Figure 3-6, D).

❍	 When we say that these spaces are irregular, it may give 
the impression that spongy bone is very haphazard in 
its arrangement, which is not true. There is a pattern 
to spongy bone. The trabeculae of spongy bone are 
arranged in a fashion that allows them to best deal with 
the compressive forces of weight bearing (Box 3-7).

The outer surface of a bone is known as its cortex or cortical 
surface. When a physician looks at a radiograph (i.e., x-ray) 
of a bone, he or she examines the cortical surface for any break 
in the margin that would indicate a fracture—in other words, 
a broken bone.

 
BOX 
3-6

 

❍	 Compact bone is composed of structural units that are 
cylindric in shape called osteons (Figure 3-7).

❍	 Each osteon is composed of a central osteonic canal 
in which a blood vessel is located. Osteonic canals 
are also known as Haversian canals.

❍	 Volkmann’s canals (also known as perforating canals) 
connect the blood vessel from one osteonic canal to 
the blood vessel of an adjacent osteonic canal.

❍	 Bloods vessels provide the nourishment necessary for 
all living cells, including bone cells (i.e., osteocytes). 
Therefore osteocytes arrange themselves around the 
osteonic canal in concentric circles. This arrangement 
of osteocytes around the osteonic canal is what creates 
the cylindric shape of an osteon.

❍	 Compact bone is composed of multiple small osteons. 
This allows for all osteocytes to be close to their blood 

The pattern of trabeculae of spongy bone is usually apparent on 
a radiograph (i.e., x-ray).

 
BOX 
3-7
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FIGURE 3-6  The two types of bone tissue: compact and spongy. A and B, Photograph and drawing of a 
cross-section of a cranial bone showing the spongy bone tissue in the middle and the compact bone tissue 
on both sides of the spongy bone. C, An enlargement that shows the osteons of compact bone. D, An enlarge-
ment that shows the trabeculae of spongy bone. (C and D from Patton KT, Thibodeau GA: Anatomy and 
physiology, ed 7, St Louis, 2010, Mosby.)
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FIGURE 3-7  A, Section of a long bone illustrating the interior of the bone. B, Enlargement of a pie-shaped 
wedge of the shaft of the long bone displaying the osteons of the compact bone, as well as the spongy bone 
located in the interior of the shaft. C, Further enlargement of the compact bony tissue showing the osteocytes 
(located within the lacunae) that communicate with one another via the canaliculi that connect the lacunae 
to one another.
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FIGURE 3-8  Illustration of the concept of osteocytes being located within lacunae and the cytoplasmic 
processes of the osteocytes communicating with other osteocytes via the canaliculi.
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3.6  BONE DEVELOPMENT AND GROWTH

❍	 When the skeleton begins to form in utero, it is not 
calcified. Rather, it is composed of cartilage and fibrous 
structures shaped like the bones of the skeleton. These 
cartilage and fibrous structures gradually calcify as the 
child grows (both in utero and after birth) and act as 
models for development of the mature skeleton.

❍	 The skeleton forms by two major methods: (1) endo-
chondral ossification and (2) intramembranous 
ossification.

ENDOCHONDRAL OSSIFICATION:

❍	 Endochondral ossification, as its name implies, is ossi-
fication that occurs within a cartilage model (chondral 
means cartilage).

❍	 Most bones of the human body develop by endochon-
dral ossification. The steps of endochondral ossifica-
tion for a long bone are as follows (Figure 3-9):
❍	 The cartilage model of a bone exists.
❍	 The cartilage model develops its periosteal lining, 

which surrounds the diaphysis.
❍	 The cartilage in the diaphysis gradually breaks 

down and is replaced with bone tissue by osteo-
blasts from the periosteum. A region of developing 
bone tissue is called an ossification center. This 

FIGURE 3-9  The steps of endochondral ossification. Beginning with a cartilaginous model, periosteum forms 
around the bone; then primary and secondary ossification centers develop in the diaphysis and epiphyses, 
respectively, and epiphysial discs are located between them. These ossification centers grow toward each other 
while the epiphysial discs continue to elongate the cartilage model by producing cartilage tissue. When the 
ossification centers meet, bone growth stops.
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first region of developing bone in the diaphysis is 
called the primary ossification center.

❍	 The primary ossification center gradually grows 
toward the epiphyses, replacing cartilage with bone.

❍	 Secondary ossification centers appear in the 
epiphyses of the long bone and grow toward the 
primary ossification center, replacing cartilage with 
bone.

❍	 The region between the primary and secondary ossi-
fication centers still contains cartilage cells that are 
producing cartilage tissue, continuing to increase 
the length of the cartilage model of bone. This 
region of cartilage growth is called the epiphysial 
disc. Because the epiphysial disc is the region where 
the model for the future mature bone grows, it is 
known in lay terms as the growth plate.

❍	 Meanwhile, in the center of the diaphysis, osteo-
clasts are breaking down the bone tissue, creating 
the medullary cavity.

❍	 As the epiphysial disc continues to lengthen the 
bone by laying down cartilage, the ossification 
centers keep growing by replacing the cartilage of 
the epiphysial disc with bone tissue.

❍	 The pace of the growth of the ossification centers is 
slightly faster than the growth of new cartilage 
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within the epiphysial disc. When the ossification 
centers finally meet, having replaced all the 	
cartilage tissue of the epiphysial disc, bone growth 
stops and the bone is mature. This occurs at approx-
imately age 18, when a person is said to stop 
growing.

❍	 Although the length of a long bone stops growing 
at approximately age 18, long bones can continue 
to thicken into the future by deposition of bone 
tissue by osteoblasts of the periosteum (and break-
down of bone tissue by osteoclasts of the 
endosteum).

❍	 A remnant of the epiphysial disc is visible on a 
radiograph (i.e., x-ray) and is called the epiphysial 
line (Box 3-8).

By looking at a radiograph (i.e., x-ray), a physician can deter-
mine if a person has finished growing or if much potential for 
growth remains, based on how large the epiphysial disc is (i.e., 
how close the ossification centers are to meeting each other, 
stopping bone growth).

 
BOX 
3-8

 

FIGURE 3-10  Four photographs of a woman with an endocrine disorder called acromegaly (an oversecretion 
of growth hormone in adulthood). In these four photographs from ages 9 years (A), 16 years (B), 33 years 
(C), and 52 years (D), the changes in facial features because of the continued intramembranous growth of her 
facial bones are shown. Although this example is extreme as a result of the condition, it illustrates the concept 
of continued intramembranous growth in adulthood that everyone experiences (to a much smaller degree). 
(From Hole JW Jr: Hole’s human anatomy and physiology, ed 4, Dubuque, Iowa, 1987, William C Brown.)

A B CC D

INTRAMEMBRANOUS OSSIFICATION:

❍	 Intramembranous ossification, as its name implies, 
is ossification that occurs within a membrane (i.e., 
a thin sheet or layer of soft tissue); this membrane 	
is composed of fibrous tissue.

❍	 Flat bones of the skull develop by intramembranous 
ossification. The steps of intramembranous ossification 
for a flat bone are outlined here:
❍	 The fibrous membrane model of a bone exists.
❍	 Regions of osteoblasts develop within the fibrous 

membrane and begin to lay down bony matrix 
around themselves, creating spongy bone. These 
regions of osteoblasts are known as ossification 
centers.

❍	 A periosteum arises around the membrane and 
begins to lay down compact bone on both sides 	
of the developing spongy bone within the 
membrane.

❍	 The bone is ossified when the entire fibrous mem-
brane has been replaced with bony tissue.

❍	 Continued growth of flat bones can and does con-
tinue into the future by osteoblasts of the perios-
teum and results in thickening of the flat bones as 
a person ages. This can usually be seen in the faces 
of elderly people (Figure 3-10).
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FIGURE 3-11  A, Superior view of an infant’s skull; the anterior fontanel is shown between the parietal and 
frontal bones, and the posterior fontanel is shown between the parietal and occipital bones. B, Lateral view 
of an infant’s skull; the anterolateral fontanel appears among the parietal, frontal, temporal, and sphenoid 
bones, and the posterolateral fontanel appears among the parietal, occipital, and temporal bones. (Note: See 
Section 4.1, Figures 4-3 to 4-9 for views of the skull with labels.)
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The presence of soft spots (i.e., fontanels) means that a thera-
pist doing bodywork must exercise caution when working on 
the head during infant and child massage.

 
BOX 
3-9

 

3.7  FONTANELS

❍	 A fontanel is a soft spot on an infant’s skull.
❍	 These fontanels are soft because they are areas of the 

primitive fibrous membrane of the skull.
❍	 These regions of fibrous membrane still exist in an 

infant because the process of intramembranous ossifi-
cation is not yet complete (see Section 3.6).

❍	 These fontanels are helpful because they allow some 
movement of the bones of the infant’s head (allowing 
the head to compress to some degree), which allows it 
to more easily fit through the birth canal during labor. 
This is helpful to the mother and the child.

❍	 Six major fontanels are found in a child’s skull; all of 
these exist where the parietal bones meet other bones 
of the skull (Figure 3-11 and Box 3-9).

❍	 Anterior fontanel: The anterior fontanel is 
located at the juncture of the two parietal bones and 
the frontal bone.

❍	 The anterior fontanel closes at approximately 
1 to 2 years of age.

❍	 The anterior fontanel is also known as the 
frontal fontanel.

❍	 Posterior fontanel: The posterior fontanel is 
located at the juncture of the two parietal bones and 
the occipital bone.
❍	 The posterior fontanel closes at approximately 

6 months of age.
❍	 The posterior fontanel is also known as the 

occipital fontanel.
❍	 Anterolateral fontanels (paired left and right): 

The anterolateral fontanels are located at the junc-
ture of the parietal, frontal, temporal, and sphenoid 
bones.
❍	 The anterolateral fontanels close at approxi-

mately 6 months of age.
❍	 The anterolateral fontanels are also known as the 

sphenoid fontanels.
❍	 Posterolateral fontanels (paired left and right): 

The posterolateral fontanels are located at the junc-
ture of the parietal, occipital, and temporal bones.
❍	 The posterolateral fontanels close at approxi-

mately 1 year of age.
❍	 The posterolateral fontanels are also known as 

the mastoid fontanels.
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3.8  FRACTURE HEALING

❍	 A fractured bone is a broken bone, and a broken bone 
is a fractured bone; these two terms are synonyms.

❍	 A fracture (i.e., broken bone) is defined as a break in 
the continuity of a bone.

❍	 Fractures are usually diagnosed by radiographic 
examination.

❍	 When looking at a radiograph (i.e., x-ray) of a bone, 
the physician pays special attention to the cortical 
(outer) margin of the bone. If any discontinuity is seen 
in the cortical margin of a bone, it is diagnosed as 
fractured.

❍	 Assuming that the two ends of a fractured bone are 
well aligned, fracture healing is accomplished by the 
following steps (Figure 3-12):
❍	 When a bone is fractured, blood vessels will also be 

broken. This causes bleeding in the region and 
results in a blood clot, which is called a 
hematoma.

❍	 Dead fragments of bone are resorbed by the action 
of osteoclasts.

❍	 As the hematoma itself is gradually resorbed, fibro-
cartilage is deposited in the fracture site. This fibro-
cartilaginous tissue temporarily holds the two 
broken ends together and is called a callus.

❍	 This fibrocartilaginous callus then calcifies, result-
ing in the formation of a bony callus.

❍	 Because the bony callus usually results in more 
bone tissue than was previously present, osteoclasts 
remodel the bone by resorbing the excessive tissue 
of the bony callus.

❍	 The remodeling process is usually not 100% perfect, 
and a slight bony callus is usually present for the 
remainder of the person’s lifetime, often palpable 
as a bump at the location of the break. However, 
the fracture is healed and the bone is structurally 
healthy.

FIGURE 3-12  The steps that take place during repair of a fractured (i.e., broken) bone. A, Fracture of the 
femur. B, Hematoma has formed. C, Callus has formed; this callus is initially composed of fibrocartilaginous 
tissue and then later calcifies to create a bony callus. D, Bone repair is complete. A remnant of the bony callus 
is still evident and would likely be palpable as a bump at the site of the fracture. (From Patton KT, Thibodeau 
GA: Anatomy and physiology, ed 7, St Louis, 2010, Mosby.)
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3.9  EFFECTS OF PHYSICAL STRESS ON BONE

❍	 Bone is a dynamic living tissue that responds to the 
physical demands placed on it. Bone tissue follows 
Wolff’s law, which states, “Calcium is laid down in 
response to stress.” Thus according to Wolff’s law:

❍	 If increased physical stress is placed on a bone, then 
the bone responds by gaining bony matrix and 
thickening.
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❍	 If decreased physical stress is placed on a bone, then 
the bone responds by losing bony matrix and 
thinning.

❍	 All living tissue must be maintained with a nutrient 
supply provided by the cardiovascular system. 
Therefore, increased mass of living tissue places a 
greater demand and stress on the heart. Further-
more, greater mass of tissue requires greater force 
by the muscles to be able to move our body through 
space; this places a greater demand and stress on 
our muscular system, necessitating larger and stron-
ger muscles, which in turn requires more nutrition 
to be supplied by the cardiovascular system, and so 
forth. Therefore if any tissue of the body is 
unneeded, it is in the body’s best interest to shed 
it—hence the wisdom of “use it or lose it.”

❍	 The beauty of the principle of Wolff’s law is that bone 
can adapt to the demands that are placed on it.
❍	 If a bone has a great deal of stress placed on it, it 

will become thicker and stronger so that it will be 
able to deal with this stress and remain healthy.

❍	 Imagine the demands placed on the feet of a mara-
thon runner and the need to respond to those 
demands by thickening the bones of the lower 
extremities.

❍	 On the other hand, if a bone has little stress placed 
on it, the bone does not need to maintain a large 
amount of matrix and it can afford to lose the 
unneeded bone mass (“use it or lose it”).

❍	 Imagine a sedentary office worker who sits at a desk 
for the entire workday and never exercises; how 
necessary it is for the lower extremity bones of this 
sedentary individual to be as developed and massive 
as the bones of the marathon runner (Box 3-10)?

When astronauts are seen in their weightless environment in 
space, they are seen exercising. This is necessary to keep their 
bones well mineralized, because being in a weightless environ-
ment for as little as a few days to a few weeks can cause sig-
nificant loss of bone mass.

 
BOX 
3-10

 

❍	 The result is that a greater bone mass results in the 
regions of bone that are under greater pressure (i.e., 
greater patterns of physical stress).

❍	 Therefore Wolff’s law, via the piezoelectric effect, 
explains how and why the trabeculae of spongy bone 
are laid down along the lines of stress (Figure 3-13). 
Furthermore, these principles also explain how it is 
that bones can literally remodel and change their 
shape in response to the forces placed on them.

❍	 Wolff’s law via the piezoelectric effect also explains 
why it is so important to begin movement as soon as 
it is safely possible after injury or surgery. Even more 
universally, Wolff’s law explains why movement and 
exercise are so vital to a healthy skeleton—let alone 
the rest of our body!

WOLFF’S LAW “GONE BAD”:

❍	 Unfortunately, too much of a good thing can occur. 
When excessive stress is placed on a bone (which often 
occurs at the joint surfaces of a bone), excessive calcium 
may be deposited in that bone. As the bone tissue 
becomes denser and denser, the body starts to place 
calcium along the outer margins of the bone.

❍	 This can result in what is known as a bone spur, and 
the condition that results is called degenerative 
joint disease (DJD) or osteoarthritis (OA) (Figure 
3-14, Box 3-11).

WOLFF’S LAW AND THE  
PIEZOELECTRIC EFFECT:

❍	 Wolff’s law is explained by the piezoelectric effect.
❍	 When pressure is placed on a tissue, a slight electric 

charge results in that tissue; this is known as the 
piezoelectric effect. (Note: Piezo means pressure.)

❍	 The importance of the piezoelectric effect is that 
although osteoblasts can lay down bone in any tissue 
that they please, osteoclasts are unable to resorb (break 
down) bone in piezoelectrically charged tissue.

Degenerative joint disease (DJD) (or osteoarthritis [OA]) is char-
acterized by the breakdown of articular cartilage and the pres-
ence of bone spurs on the subchondral bone (the bone 
located immediately under the articular cartilage).

 
BOX 
3-11

 

❍	 Although DJD is a condition of the bones and joints, 
its cause is excessive physical stress that is placed on 
these structures (Box 3-12).

	Spotlight on Degenerative  
Joint Disease

When muscles are chronically tight, they continually pull on their 
bony attachments. This constant pull creates a stress on the 
bones and joints, which can contribute to the progression of the 
arthritic changes of degenerative joint disease (DJD). Further-
more, the pain of tight muscles is very often (but not always) a 
major part of what is blamed to be the pain of DJD. Therefore 
evaluating the client’s lifestyle, the tightness of the musculature, 
and the stresses placed on the bones by tight muscles is essential 
for all bodyworkers and trainers.

BOX 
3-12
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FIGURE 3-13  A, Section of the proximal femur showing the trabecular pattern of the spongy bone. B, Lines 
of stress through the proximal femur appear when the stress of weight bearing is placed on it. The trabeculae 
of spongy bone will align themselves along these lines of stress as a result of the piezoelectric effect.  
C, Piezoelectric effect (i.e., an electrical charge occurs in a tissue when it is subjected to a mechanical force 
[a stress] such as weight bearing). (A and B from Williams PL, ed: Gray’s anatomy: the anatomical basis of 
clinical practice, ed 38, Edinburgh, 1995, Churchill Livingstone. C Modified from Buchwald H, Varco RL, editors: 
Metabolic Surgery. New York, 1978, Grune & Stratton.)
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FIGURE 3-14  A, Lateral view of the vertebral column. The contours of the bodies of the vertebrae are 
smooth, clean, and healthy. B, Same view of the vertebral column is shown, this time with the presence of 
bone spurs (two of the bone spurs are indicated by arrows) at the margins of the vertebrae. The presence of 
bone spurs is indicative of degenerative joint disease (DJD) (or osteoarthritis [OA]).
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3.10  CARTILAGE TISSUE

❍	 Cartilage is a type of tissue that is particularly impor-
tant to the musculoskeletal system. Some of the roles 
of cartilage within the musculoskeletal system include 
the following:
❍	 Cartilage unites the bones of cartilaginous joints.
❍	 Cartilage caps the joint (articular) surfaces of bones 

of synovial joints.
❍	 Intra-articular discs that are located within many 

synovial joints are composed of cartilage. (For more 
information on cartilaginous joints, synovial joints, 
and intra-articular discs, see Sections 6.8, 6.9, and 
6.14.)

❍	 Cartilage provides the framework for developing 
bones during the process of endochondral ossifica-
tion (see Section 3.6).

❍	 Although classified as a soft tissue, cartilage is fairly 
dense and firm; it has attributes of being both partly 
rigid and partly flexible.

❍	 Cartilage has a very poor blood supply and therefore 
has a very poor ability to heal after injury.

❍	 Most of the blood supply to cartilage comes via diffu-
sion from blood vessels that are located in the peri-
chondrium, a fibrous connective tissue that covers 
cartilage (Box 3-13).

Articular cartilage has no perichondrium, so its nutrient supply 
must come from diffusion from the synovial fluid of the joint. 
For this reason, articular cartilage is particularly bad at healing 
after an injury or damage.

 
BOX 
3-13

 

❍	 Cartilage tissue, like bone tissue, is a type of connective 
tissue. As such, it is composed of cartilage cells and 
matrix.
❍	 The matrix of cartilage is a firm gel with fibers 

embedded within it.
❍	 Three types of cartilage exist: (1) hyaline cartilage, 

(2) fibrocartilage, and (3) elastic cartilage.

CARTILAGE CELLS:

❍	 Two types of cartilage cells exist:
❍	 Chondroblasts: Chondroblasts build up cartilage 

tissue by secreting the matrix tissue of the 
cartilage.

❍	 Chondrocytes: Once chondroblasts are mature 
and fully surrounded by the matrix of cartilage, 
they are called chondrocytes.

❍	 As in bone tissue, the cells of cartilage are said to be 
located within lacunae.

MATRIX:

❍	 By definition, the components of the matrix of a con-
nective tissue can be divided into fibers and ground 
substance.

Matrix Fibers:
❍	 The fibers of cartilage are collagen and/or elastin fibers.

❍	 Collagen fibers add to the tensile strength of 
cartilage.

❍	 Elastin fibers add to the elastic nature of elastic 
cartilage.

Matrix Ground Substance:
❍	 The ground substance of cartilage in which the fibers 

are embedded is a firm gel-like organic matrix that is 
composed of proteoglycan molecules.

❍	 Proteoglycans are protein/polysaccharide substances 
that are composed primarily of glucosamine and chon-
droitin sulfate molecules.

❍	 Proteoglycan molecules have feathery shapes that 
resemble a bottle brush in appearance.

❍	 Proteoglycan molecules trap and hold water in the 
spaces that are located within and among them (Box 
3-14).

Chondroitin sulfate and glucosamine are nutritional supple-
ments used in the treatment of osteoarthritis (degenerative joint 
disease). Chondroitin sulfate is a proteoglycan, and glucosamine 
is a building block of proteoglycans. Proteoglycans are found in 
the matrix of most all connective tissues, including cartilage. 
Taking these substances as nutritional supplements has recently 
become very popular because proteoglycans keep the connec-
tive tissue matrix of articular cartilage well hydrated (and there-
fore thicker and softer), so joints are better able to absorb shock 
without degeneration and damage.

 
BOX 
3-14

 

TYPES OF CARTILAGE:

❍	 Each one of the three types of cartilage has a slightly 
different structural makeup and therefore is best suited 
for a specific role in the body (Figure 3-15).

Hyaline Cartilage:
❍	 Hyaline cartilage is the most common type of cartilage 

and resembles milky glass in appearance.
❍	 Hyaline cartilage is often called articular cartilage 

because it is the type of cartilage that usually caps the 
articular surfaces of the bones of synovial joints.
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FIGURE 3-15  A, Milky-glass tissue composition of hyaline cartilage, the 
most common cartilage tissue in the body; inset shows the cartilages  
of the ribs (examples of hyaline cartilage). B, Tissue composition of 
fibrocartilage, containing a greater density of collagen fibers; inset shows 
intervertebral discs (examples of fibrocartilage). C, Tissue composition of 
elastic cartilage, containing elastin fibers in addition to collagen fibers; 
inset shows the ear (example of elastic cartilage).
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❍	 Its role in capping the articular surfaces of bones is to 
absorb compressive shock that occurs to the joint.

❍	 In addition to forming the articular cartilage of the 
joint surfaces of bones, hyaline cartilage is also found 
in the epiphysial plate of growing bones, forms the soft 
part of the nose, and is located within the rings of the 
respiratory passage.

Fibrocartilage:
❍	 Fibrocartilage, as its name implies, contains a greater 

density of fibrous collagen fibers, and therefore a lesser 
amount of the chondroitin sulfate ground substance.

❍	 For this reason, fibrocartilage is the toughest form of 
cartilaginous tissue and is ideally suited for roles that 
require a great deal of tensile strength (ability to with-
stand being pulled and stretched).
❍	 Fibrocartilage is the type of cartilage that forms the 

union of most cartilaginous joints.
❍	 Examples of cartilaginous joints include the disc 

joints of the spine and the symphysis pubis joint of 
the pelvis.

❍	 Fibrocartilage is also the type of cartilage of which 
intra-articular discs are made.
❍	 Intra-articular discs are found in the sternoclavicu-

lar, wrist, and knee joints.

Elastic Cartilage:
❍	 In addition to collagen fibers, elastic cartilage also con-

tains elastin fibers.
❍	 Therefore elastic cartilage is best suited for structures 

that require the firmness of cartilage but also require 
a great degree of elasticity.
❍	 Elastic cartilage gives form to the external ear.
❍	 In addition to giving form to the ear, elastic carti-

lage also gives form to the epiglottis (which covers 
the trachea when food is swallowed) and the eusta-
chian tube (which connects the throat to the middle 
ear cavity).

3.11  FASCIA

FASCIA DEFINED:

❍	 As described in Section 3.4, connective tissue is the 
most diverse of the four major types of tissues. Exam-
ples of connective tissue range from bone, which is 
rigid, to blood and lymph, which are fluid, to cartilage 

and adipose (fat), which are in between. Another type 
of connective tissue is fascia (plural: fasciae).

❍	 As its name implies, connective tissues function to 
connect in some manner. In fact, the term fascia in 
Latin means bandage or band, in that it wraps around 
and bundles (i.e., connects) structures (Box 3-15).
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The terms fascia and fascism share the same Latin word root 
origin, fascia, which means bandage. Fascial tissue is so named 
because like a bandage, it wraps around and connects struc-
tures. Fascism derives from the Latin word fasces, which was a 
bundle of rods tied (bandaged) around an axe, and was an 
ancient Roman symbol of authority. The symbolism of the fasces 
represented strength through unity because whereas a single 
rod is easily broken, a bundle is difficult to break.

 
BOX 
3-15

 

TYPES OF FASCIA:

❍	 Fasciae are often divided into two main types, fibrous 
fascia and loose fascia.
❍	 Fibrous fascia is often called deep fascia or dense 

fascia.
❍	 Loose fascia is often called areolar fascia or sub-

cutaneous fascia.
❍	 Fibrous fascia is denser, being composed primarily of 

tough collagen fibers. The tendons, aponeuroses, and 
membranous coverings of muscle tissue that bind 
muscles to bones and other structures, as well as 
connect and ensheath muscle fibers, are examples 	
of fibrous fascia and are often called muscular fascia 
(Box 3-16). Note: For more on muscular fascia, see 
Section 10.4.

Fascial collagen fibers of the endomysium of muscles fibers have 
a spider-webby appearance. Gil Hedley, educator and author, 
has coined the term fuzz to describe fibrous fascia. 

 
BOX 
3-16

 

Photo © Ronald Thompson.

Rights were not granted to include this figure
in electronic media. 

Please refer to the printed publication.

❍	 Loose fascia is primarily composed of a looser ground 
substance mix that is more fluid or gel-like. The softer, 
looser fascia that is located directly under the skin that 
acts to bind the dermis layer of the skin to the underly-
ing visceral organs and skeletal muscles is an example 
of loose fascia.

❍	 Although fibrous/dense and loose fascia seem quite 
different from each other, rather than being truly dis-
tinct, they share the same characteristic components 
and are actually a continuum of each other. Dense 
fascia contains a greater proportion of fibers; loose 
fascia contains a greater proportion of fluid/gel-like 
ground substance (see Components of Fascia, immedi-
ately following).

COMPONENTS OF FASCIA:

❍	 Fascia, like all connective tissues, is composed of three 
substances: cells, fibers, and ground substance (Figure 
3-16). Note: The term extracellular matrix is often 
used to describe the fibers and ground substance of 
fascia.

Cells:
❍	 There are many different types of cells found in fascia. 

The most common ones are mast cells, macro-
phages, plasma cells and other white blood cells, 
adipocytes, and fibroblasts.
❍	 Mast cells are responsible for the secretion of hista-

mine, a chemical involved in inflammation.
❍	 Macrophages are phagocytic cells that engulf 

large substances including invading pathogenic 
microorganisms.

❍	 Plasma and other white blood cells are involved in 
fighting infection.

❍	 Adipocytes (also known as fat cells) store fat.
❍	 Of all cells found in fascia, by far the most common 

is the fibroblast (Figure 3-17).
❍	 Fibroblasts have many functions:

❍	 They produce the ground substance of fascia as well 
as the precursors for all the fibers that are found in 
fascia.

❍	 They can also resorb, or break down, fascial fibers.
❍	 They are involved in inflammation and wound 

healing.
❍	 They are responsive to physical stresses placed on 

them. When physical stress is placed on fibroblasts, 
especially tensile (pulling) forces, fibroblasts line 
up along the line of pull.

Fibers:
❍	 Three types of fibers are commonly found in fascia. 

They are collagen fibers, elastin fibers, and retic-
ular fibers (Figure 3-18).

❍	 Elastin fibers are responsible for the property of elastic-
ity, which is the ability to return to a shortened state 
after being stretched.
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FIGURE 3-16  Fascia is composed of cells, fibers, and fluid/gel-like ground substance (with proteoglycans—
not pictured). (From Williams PL, ed: Gray’s anatomy: the anatomical basis of clinical practice, ed 38, Edin-
burgh, 1995, Churchill Livingstone.)
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FIGURE 3-17  Fibroblast. Fibroblasts are the most common cell found 
in fascia. (Used with kind permission from James Tomasek.)

❍	 Reticular fibers are a type of collagen fiber (Type III). 
They are given the name reticular fibers because they 
are cross-linked to form a fine meshwork, also known 
as a reticulum.

❍	 By far the most common fiber type found in fascia is 
collagen. There are approximately 20 different types of 
collagen fibers, named Type I, Type II, Type III, Type 
IV, and so on.
❍	 Type I is the most common. It forms extremely 

strong fibrils that are inextensible, that is, they are 
highly resistant to tensile (pulling) forces. Therefore 
collagen is said to have great tensile strength. 
Because of its great tensile strength, collagen is the 
principal component of tendons, aponeuroses, and 

ligaments. Tendons and aponeuroses function to 
transfer pulling forces from the muscle belly to the 
muscle’s attachment (usually on bone). Ligaments 
function to resist pulling forces that might other-
wise tear and/or dislocate the joint.

Ground Substance:
❍	 The term ground substance is used to describe the 

medium in which the cells and fibers of fascia are 
located. It can be thought of as the background medium. 
Ground substance ranges in quality from being a fluid 
to a gel. It is a essentially a fluid solution in which 
many large molecules are suspended.

❍	 The majority of these molecules are called proteogly-
cans because they have a protein and a carbohydrate 
component (proteo refers to protein; glycan refers to 
carbohydrate). A well known proteoglycan used as a 
nutritional supplement is chondroitin sulfate. Glucos-
amine, another nutritional supplement, is a building 
block of proteoglycans.

❍	 Proteoglycan molecules have a feathery shape that 
resembles a bottle brush in appearance (Figure 3-19). 
They function to bind to and trap water in the spaces 
among them. By so doing, they keep the ground sub-
stance hydrated and prevent fascia from drying out 
and becoming brittle.

❍	 Keeping tissue hydrated creates the gel-like consis-
tency that is characteristic of fascia, especially loose 
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FIGURE 3-18  Collagen, elastin, and reticular fibers of fascial tissue.
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FIGURE 3-19  Proteoglycan molecules of fascial ground substance 
resemble a bottle brush in appearance. They function to bind and trap 
water in the ground substance, thereby keeping the ground substance 
well hydrated.

fascia. This gel-like consistency is important because it 
helps lubricate fascia and aids fascia in absorbing and 
dissipating forces that are placed on it, especially com-
pression forces.

❍	 Ground substance is also important for creating the 
fluid medium that is necessary for the transfer of nutri-
ents and other substances between arterial, venous, 
and lymphatic capillary networks and cells.

❍	 The thicker gel-like consistency is also helpful in 
impeding the passage of pathogenic microorganisms 
that might cause infection.

❍	 As previously stated, the distinction between fibrous 
fascia and loose fascia is one of degrees of the relative 
proportions of fibers and ground substance. In fact, 
some sources consider cartilage and bone tissues to be 
essentially more rigid forms of fascia.

3.12  THE FASCIAL WEB

FASCIAL WEB:

❍	 From a larger design viewpoint, the various fasciae of 
the body interweave into one another to create a 
fascial web or fascial net (Figure 3-20, Box 3-17).

Anatomy of the Fascial Web:
❍	 The fascial web suspends and supports the entire body. 

Indeed, if the fascial web were to be extracted from 	
the rest of the body, it would form a perfect three-
dimensional model of the body. Other than the fascial 
system, this claim can be made for only the arteriove-
nous (cardiovascular) and nervous systems. This web 
not only connects each of the regions of the body to 

one another, it also connects external with internal 
structures. As Tom Myers, author and educator regard-
ing fascial continuity, states, “This fascial web so per-
meates the body as to be part of the immediate 
environment of every cell.”*

Physiology of the Fascial Web:
❍	 The functions of the fascial web are many. As stated, 

on a local level the ground substance of the web 	
provides a fluid/gel medium through which nutrients 
and other substances flow. In addition, both the thick 

*Myers T: Anatomy trains, ed 2, Edinburgh, 2009, Churchill 
Livingstone/Elsevier, page 28.
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FIGURE 3-20  The fascia of the thigh seamlessly weaves into the fascia 
of the leg, which weaves into the fascia of the foot. In a similar fashion, 
lower extremity fascia weaves into the fascia of the axial body, which also 
weaves into the fascia of the upper extremity. Although it is possible to 
speak of the many fasciae of the body, it is perhaps more accurate to 
speak of a singular fascial web that envelops the entire body. (From 
Paoletti S: The fasciae: anatomy, dysfunction and treatment, Seattle, 
2006, Eastland Press.)

The collagen fibers of aponeurotic sheets of deep fibrous fascia 
have a discernible direction. The directional lines of these fibers 
are called Langer’s lines (see accompanying illustration). An 
application of this knowledge is that when a CORE myofascial 
therapist performs spreading strokes, they are applied in accor-
dance with Langer’s lines.

 
BOX 
3-17

Modeled from Standring S, ed: Gray ’s anatomy: the anatomical basis 
of clinical practice, ed 38, Edinburgh, 1995, Churchill Livingstone.

 

gel-like consistency of the ground substance and the 
presence of white blood cells and phagocytic macro-
phages help resist infection by pathogenic microor-
ganisms if the skin barrier is broken.

❍	 Now let’s turn our attention to the body-wide functions 
of the fascial web. The two major body-wide functions 
are creating a “skeletal” framework and transmitting 
tension forces throughout the body.

Skeletal Framework:
❍	 Much more so than the bony skeleton, the fascial web 

of the body provides a skeletal framework that truly 
connects and supports all parts of the body. Not only 
is the fascial web present in the immediate environment 
of each of the cells as previously stated, it actually 
attaches to and connects the cells of the body to one 
another. Cells do not simply float within the fluid/gel 
of the ground substance. Instead, they are suspended 
via a syncytium (interconnected mass) of intercellular 
fibers (Figure 3-21). In this manner, the fascial net 
creates a cell-to-cell web that interconnects with the 
larger fascial web itself.

❍	 On an even more intimate level, the fascial web 
continues with its connections to create an 	
extracellular-to-intracellular web, connecting 

FIGURE 3-21  The fascial web extends down to the cellular level, creat-
ing a fine meshwork of intercellular fibers that attach to and connect every 
cell. (From Jiang H, Grinnell F: Cell-matrix entanglement and mechanical 
anchorage of fibroblasts in three dimensional collagen matrices, Molecular 
Biology of the Cell 16:5070-5076, 2005.)

the web that is present on the outside of the cells 	
to the internal cytoskeleton framework on the inside 
of the cells (Figure 3-22). These connections are made 
via internal cytoskeleton fibers attached to larger inter-
nal focal adhesion molecules. These focal adhesion 
molecules then attach to integrin molecules that 
traverse the cell membrane to then connect to fibro-
nectin molecules of the ground substance. These 
fibronectin molecules finally attach into the collagen 
fiber network of the fascial web. Thus the fascial web 



56 CHAPTER 3  Skeletal Tissues

FIGURE 3-22  The fascial web of the extracellular matrix extends even 
more intimately to connect to the interior of cells via fibronectin molecules, 
integrins, focal adhesion molecules, and internal cytoskeletal (actin) fibers. 
A, Broad view; B, detailed view. (A, Reprinted from Pianta KJ, Coffey DS: 
Medical Hypotheses, “Cellular harmonic information transfer through a 
tissue tensegrity-matrix system,” Jan 1991. With permission from Elsevier. 
B, From Myers TW: Anatomy trains: myofascial meridians for manual and 
movement therapists, ed 2, Edinburgh, 2009, Churchill Livingstone.)
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is truly an intimate connecting network that commu-
nicates externally and internally with every cell of the 
body!

Transmit Tension Forces:
❍	 Not only does fascia function to transmit tension 

(pulling) force locally, for example, between a muscle 
belly and its bony attachment, or between two bones 
of a joint by a ligament; but by virtue of the intercon-
nectedness of the fascial web, it also functions to trans-
mit tension forces throughout the entire body. These 
transmitted forces are of two types: internal and 
external.
❍	 The body is subjected to forces from the outside. 

These external forces are often pulling forces that 
are placed on our body at a local spot: for example, 
someone pulling on our arm to help lift us up from 
a seated position, or the force created by grabbing 
onto a pole with a hand and swinging our body 
around it. The application of these forces would 
likely cause damage to our body at the point where 
they were applied if the force were not resisted by 
the tensile force of fascia, as well as absorbed by 
being transferred and dissipated via the fascial web.

❍	 Muscles create internal forces that not only act 
locally at their points of attachment, but via the 
fascial web can be transmitted to distant sites in the 
body. In this manner the fascia can be looked on as 
ropes that travel throughout the entire body, 
anchoring at certain attachment points and then 
continuing. These fascial ropes transfer the pulling 
forces from anchor point to anchor point through-
out the body. Although the muscles can be viewed 
as the motors of these pulling forces, the muscular 
pulling forces can be transmitted locally and at a 
distance only when they are associated with fascia 
(Figure 3-23).

❍	 The term myofascial meridian (also known as 
an anatomy train) is used to describe this concept 
and is defined as a traceable continuum within the 
body of muscles embedded within fascial webbing. 
In effect, the muscles of a myofascial meridian are 
connected by fibrous fascia connective tissue and 
act together synergistically, transmitting tension 
and movement through the meridian by means of 
their contractions (for more on myofascial meridi-
ans, see Section 10.14).
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FIGURE 3-23  The myofascial web as viewed by Serge Paoletti is likened to a series of ropes that intercon-
nect the body. Individual muscles may anchor at their attachment sites, but via the interconnected web their 
forces transfer beyond and travel throughout the entire body. (From Paoletti S: The fasciae: anatomy, dysfunc-
tion and treatment, Seattle, 2006, Eastland Press.)

3.13  FASCIAL RESPONSE TO PHYSICAL STRESS

❍	 Fascial tissue responds to physical stress placed on it 
by adapting itself to be better able to deal with and 
resist that stress. This occurs via the laying down and 
orientation of increased collagen fibers as a result of 
the force of the physical stress itself as well as the 
piezoelectric effect that is produced because of the 
physical force. Fascial tissue also responds to physical 
stress by the formation of cells called myofibroblasts.

The Piezoelectric Effect:
❍	 When pressure is placed on fascia, a slight electric 

charge results; this is known as the piezoelectric 
effect. Piezo means pressure (the piezoelectric effect on 
bone tissue was discussed in Section 3.9). This electric 
field causes the long collagen molecules to become 
polarized and orient themselves relative to that field 
(Figure 3-24). This results in the fibers being laid down 

FIGURE 3-24  Collagen fibers secreted into the ground substance of fascial tissue align themselves along 
the line of physical stress that is placed on the tissue. Fascial tissue is most responsive to tensile lines of force. 
(Redrawn from Juhan D: Job’s body: a handbook for bodywork, ed 3, Barrytown, NY, 2002, Station Hill Press.)
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along the line of force that caused the piezoelectric 
effect to occur, thereby reinforcing and strengthening 
the fascia within that line. Most often, these forces are 
tensile pulling forces. Therefore the reinforced fascia’s 
increased tensile strength enables it to better resist that 
tension (Figure 3-25, Box 3-18).

Myofibroblast Formation:
❍	 Fascial tissue subjected to physical stress also increases 

its strength by the formation of special cells called 
myofibroblasts. The root myo comes from the Latin 
word for muscle, indicating that myofibroblasts have 
the ability to contract as muscle tissue does. This con-
tractile ability is a result of the presence of alpha–
smooth muscle actin filaments.

❍	 The degree of myofibroblasts present within a fascial 
tissue varies but seems to be related to the degree of 
physical stress that the fascial tissue is experiencing. 
As greater and greater tensile forces are placed on the 
fascia, more and more myofibroblasts develop from 
the normal fibroblasts of the fascial tissue (Figure 
3-26). The process gradually transforms a normal fibro-
blast into a protomyofibroblast and then into a 
fully mature myofibroblast. Myofibroblasts develop 
alpha–smooth muscle actin filaments that attach into 
focal adhesion molecules, which attach through the 
membrane into the fibers of the ground substance 
(extracellular matrix), and thereby into the fascial web.

❍	 These myofibroblasts can then create an active pulling 
force that counters and opposes the pulling force that 
the fascial tissue is experiencing. For this reason, myo-
fibroblasts are found in the greatest concentration in 
fascial tissues that have been injured and are undergo-
ing wound healing.

The fact that fascia is laid down along the line of tension within 
a tissue shows the remarkable adaptability of the human body 
to model itself to accommodate the forces placed on it. This 
concept becomes extremely important for clients who have had 
surgery. The fascial healing process involves the formation of 
collagen fibers to bind and close the wound. If movement is 
placed across the site of the surgical incision, then the collagen 
that is laid down to heal the incision will be appropriately ori-
ented along the lines of tension that the tissue site normally 
encounters (of course, the degree of motion must be mild and 
appropriate to the healing process postsurgery; excessive motion 
would prevent the incision from healing at all). This is the goal 
of the passive motion exercises that are usually instituted by 
physical therapists to aid in the client’s rehabilitation after 
surgery. If no rehabilitation program is instituted—in other 
words, if the client is not given passive motion exercises and 
instead immobilizes the region—then the collagen fibers that 
bind the incision site will be laid down in a disorganized willy-
nilly fashion (see accompanying photograph). This increases the 
likelihood of excessive scarring as well as the likelihood that the 
scar tissue that is laid down will not be appropriately organized 
to deal with the lines of tension of that tissue. This could have 
long-term effects for that client far into the future. For this 
reason, appropriate and immediate physical therapy rehabilita-
tion after surgery is crucial.

 
BOX 
3-18

Copyright by Dr. R. G. Kessel and Dr. R. H. Kardon, Tissues and Organs: 
A Text-Atlas of Scanning Electron Microscopy, W. H. Freeman, 1979.
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❍	 Fascial tissues with high concentrations of myofibro-
blasts have been found to have sufficiently strong force 
to affect musculoskeletal mechanics—that is, their 
active pulling forces are strong enough to contribute 
to movement of the body. The field of kinesiology 
needs to consider fascial contractile forces when evalu-
ating the contractile forces of the musculoskeletal 

FIGURE 3-25  Superficial pectoral fascia of the sternal region of the 
trunk is seen. The fascia from the top left to bottom right of the cadaver 
(from our perspective: top right to bottom left) is clearly denser than the 
fascia that runs from the top right to the bottom left of the cadaver (from 
our perspective: top left to bottom right). This likely indicates that this 
individual experienced greater physical stresses through the left arm, 
perhaps from being left-handed. (Photo © Ronald Thompson.)

Rights were not granted to include this figure
in electronic media. 

Please refer to the printed publication.
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system. Albeit far weaker in degree than muscular con-
traction forces, these fascial contraction forces are sig-
nificant enough that they should be factored in.

❍	 Interestingly, the contraction of fascial myofibroblasts, 
unlike skeletal muscle fiber contraction, does not seem 
to be under neural control. Rather, they seem to con-
tract in response to tensile forces that are placed on 
the tissue and also in response to certain chemical 
compounds that are present in the tissue.

❍	 Furthermore, fascial contraction does not occur with 
the speed of voluntary skeletal muscular contraction. 
Instead, it builds up slowly over a period of 15 to 30 
minutes. Given this, it seems that the purpose of 
fascial contraction is to stiffen tissues in response to 
long-standing postural tensile forces.

❍	 Even uninjured fascial tissues have been found to 
contain myofibroblasts, albeit to a lesser degree. In 
cases where an overt physical trauma is absent, these 
myofibroblasts have developed in response to the 
accumulation of pulling tensile forces placed on these 
tissues. Lower myofibroblast concentrations, although 
not sufficiently strong to affect musculoskeletal 
dynamics, have been found to exert sufficient isomet-
ric contraction pulling force to maintain their tissue 
integrity in the face of the tensile forces they are expe-

The application of myofibroblastic development to musculoskel-
etal pathology may be very important. This knowledge points to 
the ability of fascial scar tissue to exert contractile forces that 
are helpful in closing and binding together wounded tissue. 
However, it also points to the possibility that if myofibroblastic 
contractile activity is excessive compared with the demands 
placed on the fascial tissue within which it is located, it may 
create an unhealthy—perhaps even destructive—effect on 
fascial and other nearby tissues. This would most likely occur in 
uninjured tissues that are experiencing chronic tensile stresses, 
such as chronically tight and taut tissues (e.g., tight muscles and 
taut ligaments). In these pathologically contracted fascial 
tissues, bodywork and movement therapies may be particularly 
valuable and effective, helping to change the stress loads that 
are placed on the fascia, thereby minimizing myofibroblastic 
development.

 
BOX 
3-19

 

FIGURE 3-26  In response to physical stress, especially tensile pulling forces, fibroblasts in fascial tissue can 
transform into protomyofibroblasts and then fully mature myofibroblasts, which have the ability to contract. 
ECM, Extracellular matrix (i.e., the fiber/ground substance mix). (Modified from Tomasek J et al: Nature reviews,  
Molecular Cell Biology, 2002. In Myers T: Anatomy trains, ed 2, Edinburgh, 2009, Churchill Livingstone/
Elsevier.)
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riencing. In particular, the thoracolumbar fascia of the 
back, the plantar fascia of the foot, and the fascia lata 
of the thigh have been found to be particularly well 
populated with myofibroblasts (Box 3-19).
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3.14  TENDONS AND LIGAMENTS

❍	 A tendon connects a muscle to a bone.
❍	 By definition, a tendon’s shape is round and cordlike. 

If the shape of a tendon is broad and flat, the tendon 
is termed an aponeurosis (plural: aponeuroses). 
Tendons and aponeuroses are identical in their tissue 
makeup; they merely differ in shape.

❍	 A ligament connects a bone to a bone.
❍	 Within the context of the musculoskeletal system, 

a ligament is defined as connecting a bone to a 
bone. However, the actual definition of a ligament 
is broader in that a ligament can attach any two 
structures (except a muscle and bone) to each other.

❍	 A tendon functions to transmit the pulling force of a 
muscle to its bony attachment, creating movement.

❍	 A ligament functions to create stability at a joint by 
holding the bones of the joint together. (For a fuller 
discussion of the mobility and stability of a joint, see 
Section 6.3.)

❍	 Both tendons and ligaments are types of dense fibrous 
connective tissue, composed of many collagen fibers 
packed tightly together (Figure 3-27).

❍	 Very few cells are present; the cells that are present are 
primarily fibroblasts. Fibroblasts create the fibrin 
threads of collagen (Box 3-20).

❍	 Some elastin fibers are present in tendons and 
ligaments.

❍	 Being made up nearly entirely of collagen fibers gives 
tendons and ligaments extremely strong tensile force 
(the ability to withstand strong pulling forces without 
damage or injury).

	Spotlight on Bodywork and Scar 
Tissue Adhesions

Scar tissue adhesions are made up of fibrin threads of collagen 
that are created by fibroblasts. Scar tissue adhesions help heal 
wounded tissues by binding them together. However, they may 
also be oversecreted by the body, resulting in the loss of normal 
and healthy mobility of the tissues. Much of the value of body-
work, movement, and exercise is to break up patterns of exces-
sive scar tissue adhesions.

BOX 
3-20

 

❍	 This strong tensile force is needed in two situations:
❍	 It is needed by a tendon when the muscle to 

which it is attached contracts and pulls on it.
❍	 It is needed by tendons and ligaments when they 

are stretched and pulled, because the joint that they 
cross is moved in the opposite direction as a result 
of contraction and shortening of the muscles on the 
opposite side of the joint (resulting in movement 
of the bones of the joint in the opposite 
direction).

❍	 Having collagen fibers tightly packed together leaves 
little space for blood vessels; therefore tendons and 
ligaments have a poor blood supply and do not heal 
well after an injury (Box 3-21).

FIGURE 3-27  Tissue composition of tendons and ligaments (examples 
of which are shown in the inset). Tendons and ligaments are dense fibrous 
connective tissue, made up almost entirely of collagen fibers with occa-
sional scattered fibroblast cells.

Collagen
fibers
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Except in a few circumstances, it is usually better to break a 
bone than it is to tear (sprain) a ligament (or rupture a tendon), 
because bones have a greater blood supply and therefore heal 
better after an injury. Although bones usually return to 100% 
function after an injury, ligament tears rarely ever heal fully and 
some instability of the joint remains into the future. Ironically, 
after an injury people will often be heard to say something like, 
“Thank goodness I didn’t break the bone. It’s just a sprain.”

 
BOX 
3-21

 

❍	 Because tearing a tendon causes inflammation, it is 
called tendinitis (also spelled tendonitis).

❍	 By definition, tearing of a ligament is called a sprain.
❍	 Tearing of the fibrous capsule of a (synovial) joint is 

also termed a sprain, because the fibrous capsule is liga-
mentous tissue.

❍	 In contrast, tearing of a muscle is called a strain.
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3.15  BURSAE AND TENDON SHEATHS

❍	 Bursae (singular: bursa) and tendon sheaths are located 
in regions of the body where friction that occurs 
because of the rubbing of two structures against each 
other needs to be minimized.

❍	 This is necessary because friction causes the buildup of 
heat, and excessive heat can cause damage to the 
tissues (Box 3-22).

If the ability of a bursa to minimize friction is overcome and the 
bursa itself becomes inflamed, the condition is called bursitis. 
The most well known bursitis occurs to the subacromial bursa 
at the shoulder joint. However, bursitis can occur at almost any 
joint of the body. If the ability of a tendon sheath to minimize 
friction is overcome and the tendon sheath itself becomes 
inflamed, the condition is called tenosynovitis. A common 
form of this condition occurs at the tendon sheath that envelops 
the abductor pollicis longus and extensor pollicis brevis tendons. 
With excessive movement of the thumb, these tendons rub 
against the styloid process at the radius, resulting in a form of 
tenosynovitis known as de Quervain’s tenosynovitis (or de Quer-
vain’s disease).

 
BOX 
3-22

 

❍	 A bursa is usually an independent structure. However, 
it may be continuous with the synovial membrane of 
a synovial joint. One example is the suprapatellar bursa 
of the knee joint (see Section 6.9, Figure 6-11, C.)

❍	 Bursae are often found between a tendon and an adja-
cent joint structure, usually a bone.

❍	 Bursae are found in many joints of the body including 
the shoulder joint and the ankle joint (Figure 3-28, 
A to C).

❍	 A tendon sheath can be thought of as a sheathlike 
bursa that envelops a tendon.
❍	 Just as a sword fits into its sheath, a tendon may be 

enclosed in a tendon sheath.
❍	 Bursae and tendon sheaths are similar in tissue struc-

ture; they differ in shape.
❍	 Because tendon sheaths are constructed of synovial 

membrane tissue, they are also known as synovial 
tendon sheaths.

❍	 Tendon sheaths are commonly found in the hands 
and feet, where tendons rub against an adjacent 	
structure such as a bone or a retinaculum (Figure 3-28, 
C and D).

❍	 A retinaculum (plural: retinacula) is a thin sheet of 
fibrous connective tissue that holds down and stabi-
lizes (i.e., retains) a structure. Retinacula are commonly 
found retaining the tendons of muscles that cross into 
the hands or the feet. To minimize friction between 
the tendons and these retinacula, tendon sheaths are 
located in these regions (see Figure 3-28, C). (For more 
information on retinacula, see Section 8.17.)

❍	 A bursa is a flattened sac of synovial membrane that 
contains a film of synovial fluid within it. (For more 
information on synovial membranes and synovial 
fluid, see Section 6.9.)
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FIGURE 3-28  A, Anterior view with a bursa shown overlying the hip joint. This bursa helps to reduce friction 
between the capsule of the hip joint and the overlying iliopsoas and pectineus muscles. B, Anterior view of a 
cross-section of a shoulder joint. The subacromial bursa is located between the supraspinatus portion of the 
rotator cuff tendon inferiorly and the acromion process of the scapula and the deltoid muscle superiorly. The 
subacromial bursa functions to minimize friction between these structures, thereby maintaining the health of 
the rotator cuff tendon. C, Lateral view of the ankle joint region. A number of bursae and tendon sheaths are 
seen. Specifically the tendon sheaths function to minimize friction between the tendons that enter the foot 
and their adjacent structures, including the underlying bones and the overlying retinacula. D, Cross-section 
through the humerus (i.e., bone of the arm) showing a tendon sheath encasing the biceps brachii muscle’s 
tendon as it runs within the bicipital groove of the humerus.
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3.16  PROPERTIES OF SKELETAL TISSUES

❍	 To fully understand the nature of skeletal connective 
tissue and to be able to better deliver therapeutic body-
work and guide clients in exercise, it is helpful to 
understand the properties that these tissues possess. 
Following are terms that describe properties of skeletal 
connective tissues. The degree to which each individ-
ual tissue possesses each of the following properties 
varies.

❍	 Stretch: The ability of a tissue to stretch is simply its 
ability to become longer without injury or damage. 
Certainly all soft connective tissues of the body need 
to be able to lengthen and stretch with various body 
movements. Because tight (taut) tissues are generally 
unable to stretch without damage, a major focus of 
bodywork and stretching exercises is to gradually 
stretch and loosen these tight (taut) tissues.

❍	 Contractility: The ability to contract is the ability to 
shorten.
❍	 It has classically been stated that this property is 

unique to muscular tissue and that musculoskeletal 
connective tissue—in other words, fascia—does not 
possess this ability. However, new research has 
shown that fascia contains a type of cell called a 
myofibroblast, which enables it to contract (for 
more on fascia and myofibroblasts, see Section 
3.13).

❍	 The use of the terms contraction and contractility is 
problematic when speaking about muscle function, 
because although the ability to contract is the 
ability to shorten, not all muscle contractions actu-
ally result in shortening. (For further study, the 
topic of muscular contraction is discussed in more 
detail in Chapter 12.)

❍	 Weight bearing: Weight bearing is the ability of a 
tissue of the body to bear the compressive force of the 
weight of the mass of the body that is located above 
it, without injury or damage. Generally the joints of 
the lower extremity and the axial body are weight-
bearing joints. Because of the great stress of bearing 
weight, weight-bearing joints generally need to have 
greater stability so that they are not damaged and 
injured.

❍	 Tensile strength: The tensile strength of a connec-
tive tissue is its ability to withstand a pulling force 
without injury or damage. Collagen fibers add tensile 
strength to connective tissues.
❍	 The ability to stretch and tensile ability are very 

similar. The difference is that the stretchability of a 
tissue is defined by how long it can become. The 
tensile strength of a tissue is defined by how much 
pulling force the tissue can withstand without 
tearing.

❍	 Elasticity: Elasticity of a connective tissue is its ability 
to return to its normal length after being stretched. For 

example, after being stretched, a rubber band is elastic 
because it returns to its original length. Similarly, most 
healthy connective tissues of the body also possess a 
good degree of elasticity. The presence of elastin fibers 
adds elasticity to a connective tissue.
❍	 Viscoelasticity: The term viscoelasticity is a 

synonym for elasticity.
❍	 Plasticity: Plasticity is a term that describes the ability 

of a tissue to have its shape molded or altered, and the 
tissue then retains that new shape. For example, after 
bubble gum (that has already been chewed) is stretched, 
it is said to be plastic because it does not return to its 
original shape; rather, it maintains its new shape. 
Plastic is named for its property of plasticity.
❍	 Viscoplasticity: The term viscoplasticity is a 

synonym for plasticity.
❍	 Elasticity and plasticity compared: Understand-

ing the concepts of elasticity and plasticity is impor-
tant when working with soft tissues of the body. 
Whenever a soft tissue of the body has been altered or 
deformed in some manner because a force has been 
applied to it (whether it has been compressed or pulled 
on), the tissue has a certain elastic ability to return to 
its original shape; if that elasticity is exceeded, then 
plasticity describes the fact that the shape of the tissue 
will stay permanently altered or deformed to some 
degree. An example is a ligament that is stretched. If 
it is only slightly stretched, its elastic ability allows it 
to return to its original length. However, if it is 
stretched to a greater degree and its elastic ability is 
exceeded, the tissue will enter its plastic range and will 
become permanently overstretched and lax. This can 
result in a permanent decrease in stability of the joint 
where this ligament is located.

❍	 Creep: The term creep describes the gradual change in 
shape of a tissue when it is subjected to a force that is 
applied to the tissue in a slow and sustained manner. 
The creep of the tissue may be temporary or perma-
nent. If the creep is temporary, then the tissue is suf-
ficiently elastic to return to its original form. If the 
creep is permanent, then the elasticity of the tissue has 
been exceeded and the tissue is said to be plastic. The 
concept of creep may be negative, such as when a 
client changes the tissue shape and structure over time 
because of poor posture, or it may be positive such as 
when bodywork and exercise are done to change and 
correct a client’s poor tissue shape and structure (Box 
3-23).

❍	 Thixotropy: Thixotropy describes the ability of a soft 
tissue of the body to change from a more rigid gel state 
to a softer, more hydrated (i.e., liquid) sol state. This 
concept is particularly important to bodywork and 
exercise. The matrix component of most connective 
tissues has a great thixotropic ability to attain more of 
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	Spotlight on Bodywork and Creep

The fact that creep of a tissue tends to occur more readily  
when a force is applied slowly is one reason why pressure applied 
during massage and bodywork should not be sudden and  
forceful; rather, the increasing depth of pressure should be done 
in a slow and incremental manner. This is not to say that deep 
pressure cannot be delivered, but rather that one should slowly 
sink into the muscles and fascia when applying deep pressure.

BOX 
3-23

 

a sol state (because of the presence of proteoglycans), 
which is desirable because it allows for greater freedom 
of blood and nutrient flow and greater freedom of 
movement. Bodywork and movement applied to body 
tissues result in a change from gel to sol state (Box 
3-24).

Thixo comes from the Greek word for touch, and tropy comes 
from the Greek word for change. Therefore thixotropy literally 
means to change by touch, illustrating the importance of 
massage and bodywork to this property of tissue!

 
BOX 
3-24

 

REVIEW QUESTIONS

	 Answers to the following review questions appear on the Evolve website accompanying this book at: 
http://evolve.elsevier.com/Muscolino/kinesiology/.

1.	 What are the four major classifications of bones by 
shape?

2.	 Give an example of each one of the four major 
classifications of bones by shape.

3.	 Name and describe the major structural 
components of a long bone.

4.	 What are the five major functions of bones?

5.	 Which function of bones is most important to the 
study of musculoskeletal movement and the field 
of kinesiology?

6.	 What are the two major components of bone as a 
connective tissue?

7.	 What are the functions of osteoblasts and 
osteoclasts?

8.	 Compare and contrast compact and spongy bone.

9.	 Where is compact bone found?

10.	 Where is spongy bone found?

11.	 Compare and contrast the two different methods 
of bone growth (endochondral and 
intramembranous ossification).

12.	 What is the importance of fontanels to bodywork?

13.	 What are the four major fontanels? Where are 
they located? When does each one close?

14.	 What are the steps involved in fracture healing?

15.	 What is Wolff’s law, and how does the 
piezoelectric effect explain it?

16.	 How do tight muscles relate to Wolff’s law, the 
development of DJD, and the role of a bodyworker 
or trainer when working on a client who has DJD?

17.	 What are the three major types of cartilage tissue?

18.	 What is the role of proteoglycan molecules in 
fascial tissues?

19.	 What is the definition of a tendon?

20.	 What is the definition of a ligament?

❍	 The term thixotropy can be a daunting term for new 
students. Perhaps a better term is the one coined by 
Bob King, a distinguished educator in the field of 
massage and bodywork. He refers to thixotropy as 
rejuicification of the tissue.

❍	 Hysteresis: Hysteresis describes the process wherein a 
tissue exhibits fluid loss and minute structural damage 
as a result of friction and heat buildup when it is 
worked excessively. Bodywork and exercise that result 
in hysteresis of a tissue may be any type of stroke, 
technique, or movement that repetitively and exces-
sively compresses or stretches the client’s tissue.

http://evolve.elsevier.com/Muscolino/kinesiology/
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21.	 What is the function of fibroblasts?

22.	 How do myofibroblasts form in fascial tissue?

23.	 What is the difference between a sprain and a 
strain?

24.	 Compare and contrast a tendon with an 
aponeurosis.

25.	 Compare and contrast a bursa with a tendon 
sheath.

26.	 How does the concept of thixotropy apply to the 
fields of bodywork, movement, and/or exercise?

27.	 How do the properties of stretch, tensile strength, 
elasticity, and plasticity apply to the delivery of 
bodywork and/or the performance of exercise?

28.	 What is the difference between elasticity and 
plasticity of a tissue?

29.	 How does the concept of thixotropy apply to the 
fields of bodywork, movement, and/or exercise?

30.	 How does the concept of hysteresis apply to the 
fields of bodywork, movement, and/or exercise?
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CHAPTER  4 

Bones of the Human Body

CHAPTER OUTLINE

Axial Skeleton
Section 4.1	 Bones of the Head
Section 4.2	 Bones of the Spine (and Hyoid)
Section 4.3	 Bones of the Ribcage and Sternum

Appendicular Skeleton, Lower Extremity
Section 4.4	 Entire Lower Extremity
Section 4.5	 Bones of the Pelvis and Hip Joint
Section 4.6	 Bones of the Thigh and Knee Joint
Section 4.7	 Bones of the Leg and Ankle Joint

Section 4.8	 Bones of the Foot

Appendicular Skeleton, Upper Extremity
Section 4.9	 Entire Upper Extremity
Section 4.10	 Bones of the Shoulder Girdle and 

Shoulder Joint
Section 4.11	 Bones of the Arm and Elbow Joint
Section 4.12	 Bones of the Forearm, Wrist Joint, 

and Hand

CHAPTER OBJECTIVES

After completing this chapter, the student should be able to perform the following:

1.	 List the major divisions of the skeleton.
2.	 Name and locate the bones of the axial skeleton.
3.	 Name and locate the bones of the lower extremity 

skeleton.
4.	 Name and locate the bones of the upper 

extremity skeleton.
5.	 Name and locate the bony landmarks of the axial 

skeleton.
6.	 Name and locate the bony landmarks of the lower 

extremity skeleton.

7.	 Name and locate the bony landmarks of the 
upper extremity skeleton.

8.	 Name and locate the joints of the axial skeleton.
9.	 Name and locate the joints of the lower extremity 

skeleton.
10.	Name and locate the joints of the upper extremity 

skeleton.
11.	Define the key terms of this chapter.
12.	 State the meanings of the word origins of this 

chapter.

KEY TERMS

Accessory (ak-SES-or-ee)
Acetabulum (AS-i-TAB-you-lum)
Acromion (a-KROM-ee-on)
Ala, pl. alae (A-la, A-lee)
Alveolar (al-VEE-o-lar)
Apex, pl. apices (A-peks, A-pi-sees)
Arch (ARCH)
Arcuate (ARE-cue-at)

Articular (are-TIK-you-lar)
Atlanto/atlas (at-LAN-to/AT-las)
Auditory (AW-di-tore-ee)
Auricular (or-IK-you-lar)
Axis (AKS-is)
Base/basilar (BASE/BAZE-i-lar)
Bicipital (bye-SIP-i-tal)
Bifid (BYE-fid)
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Calcaneus, pl. calcanei (kal-KAY-nee-us, 
kal-KAY-nee-eye)

Canine (KAY-nine)
Capitate, capitulum (KAP-i-tate, ka-PICH-you-lum)
Carotid (ka-ROT-id)
Carpal (CAR-pull)
Cervical (SERV-i-kul)
Clavicle (KLAV-i-kul)
Coccyx, pl. coccyges (KOK-siks, KOK-si-jeez)
Concha, pl. conchae (KON-ka, KON-kee)
Condyle (KON-dial)
Conoid (CONE-oid)
Coracoid (CORE-a-koyd)
Cornu, pl. cornua (KORN-oo, KORN-oo-a)
Coronoid (CORE-o-noyd)
Costal (COST-al)
Coxal (COCK-sal)
Cranium (KRAY-nee-um)
Cribriform (KRIB-ri-form)
Crista galli (KRIS-ta GA-li)
Cuboid (KEW-boyd)
Cuneiform (kew-NEE-a-form)
Deltoid (DEL-toyd)
Dens, pl. dentes (DENS, DEN-tees)
Disc (DISK)
Dorsum sellae (DOOR-sum SELL-ee)
Epicondyle (EP-ee-KON-dial)
Ethmoid (ETH-moyd)
Facet (fa-SET)
Femur, pl. femora (FEE-mur, FEM-or-a)
Fibula (FIB-you-la)
Fovea (FOE-vee-ah)
Frontal (FRON-tal)
Glabella (gla-BELL-a)
Glenoid (GLEN-oyd)
Gluteal (GLUE-tee-al)
Hamate (HAM-ate)
Hamulus, pl. hamuli (HAM-you-lus, HAM-you-lie)
Hemifacet (HEM-ee-fa-SET)
Hiatus (hi-ATE-us)
Humerus, pl. humeri (HUME-er-us, HUME-er-eye)
Hyoid (HI-oyd)
Ilium, pl. ilia (IL-lee-um, IL-ee-a)
Incisive (in-SISE-iv)
Infraspinatus (IN-fra-spine-ATE-us)
Inion (IN-yon)
Innominate (i-NOM-i-nate)
Intercostal (IN-ter-KOST-al)
Interosseus (IN-ter-oss-ee-us)
Ischium, pl. ischia (IS-kee-um, IS-kee-a)
Jugular (JUG-you-lar)
Kyphosis (ki-FOS-is)
Lacerum (LA-ser-um)
Lacrimal (LAK-ri-mal)
Lambdoid (LAM-doyd)
Lamina, pl. laminae (LAM-i-na, LAM-i-nee)
Lingula (LING-you-la)

Lordotic (lor-DOT-ik)
Lumbar (LUM-bar)
Lunate (LOON-ate)
Magnum (MAG-num)
Malleolus, pl. malleoli (mal-EE-o-lus, mal-EE-o-lie)
Mamillary (MAM-i-lary)
Mandible (MAN-di-bul)
Manubrium, pl. manubria (ma-NOOB-ree-um, 

ma-NOOB-ree-a)
Mastoid (MAS-toyd)
Maxilla, pl. maxillae (MAX-i-la, MAX-i-lee)
Meatus (me-ATE-us)
Mental/menti (MEN-tal/MEN-tee)
Metacarpal (MET-a-CAR-pal)
Metatarsal (MET-a-TARS-al)
Mylohyoid (MY-low-HI-oyd)
Nasal (NAY-sul)
Navicular (na-VIK-you-lar)
Nuchal (NEW-kul)
Obturator (OB-tour-ate-or)
Occipital (ok-SIP-i-tal)
Odontoid (o-DONT-oyd)
Olecranon (o-LEK-ran-on)
Optic (OP-tik)
Palatine (PAL-a-tine)
Parietal (pa-RYE-it-al)
Patella, pl. patellae (pa-TELL-a, pa-TELL-ee)
Pedicle (PED-i-kul)
Pelvic bone (PEL-vik)
Petrous (PEE-trus)
Phalanx, pl. phalanges (FAL-anks, fa-LAN-jeez)
Pisiform (PIES-a-form)
Promontory (PROM-on-tor-ee)
Pterygoid (TER-i-goid)
Pubis, pl. pubes (PYU-bis, PYU-bees)
Radius, pl. radii (RAY-dee-us, RAY-dee-eye)
Ramus, pl. rami (RAY-mus, RAY-my)
Sacrum (SA-krum)
Sagittal (SAJ-i-tal)
Scaphoid (SKAF-oyd)
Scapula, pl. scapulae (SKAP-you-la, SKAP-you-lee)
Sciatic (sigh-AT-ik)
Sella turcica (SEL-a TER-si-ka)
Sesamoid (SES-a-moid)
Soleal (SO-lee-al)
Sphenoid (SFEE-noyd)
Spine/spinous (SPINE/SPINE-us)
Squamosal (squaw-MOS-al)
Sternum (STERN-um)
Styloid (STI-loyd)
Subscapular (SUB-SKAP-you-lar)
Subtalar (sub-TAL-ar)
Sulcus, pl. sulci (SUL-kus, SUL-ki)
Superciliary (SOO-per-CIL-ee-air-ee)
Supernumerary bone (SOO-per-noom-air-ee)
Supraorbital (SOO-pra-OR-bi-tal)
Supraspinatus (SOO-pra-spine-ATE-us)
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Sustentaculum (sus-ten-TAK-you-lum)
Suture (SOO-cher)
Symphysis (SIM-fi-sis)
Talus, pl. tali (TA-lus, TA-lie)
Tarsal (TAR-sal)
Temporal (TEM-por-al)
Thoracic (thor-AS-ik)
Tibia, pl. tibiae (TIB-ee-a, TIB-ee-ee)
Transverse (TRANS-vers)
Trapezium, trapezoid (tra-PEEZ-ee-um, TRAP-i-zoyd)
Triquetrum (try-KWE-trum)

Trochanter (tro-CAN-ter)
Trochlea (TRO-klee-a)
Tubercle (TWO-ber-kul)
Tuberosity (TWO-ber-OS-i-tee)
Ulna, pl. ulnae (UL-na, UL-nee)
Uncus (UN-kus)
Vomer (VO-mer)
Wormian bones (WERM-ee-an)
Xiphoid (ZI-foyd)
Zygomatic (ZI-go-MAT-ik)

WORD ORIGINS

❍	 Accessory—From Latin accessorius, meaning 
supplemental

❍	 Acetabulum—From Latin acetum, meaning 
vinegar, and Latin abulum, meaning small 
receptacle, cup

❍	 Acromion—From Greek akron, meaning tip and 
Greek omos, meaning shoulder

❍	 Ala, pl. alae—From Latin ala, meaning wing
❍	 Alveolar—From Latin alveolus, meaning a concavity, 

a bowl
❍	 Apex, pl. apices—From Latin apex, meaning tip
❍	 Arch—From Latin arcus, meaning a bow
❍	 Arcuate—From Latin arcuatus, meaning bowed, 

shaped like an arc
❍	 Articular—From Latin articulus, meaning joint
❍	 Atlanto/atlas—From Greek Atlas, the Greek figure 

who supports the world (the first cervical vertebra 
supports the head)

❍	 Auditory—From Latin auditorius, meaning 
pertaining to the sense of hearing

❍	 Auricular—From Latin auricula, meaning a little ear
❍	 Axis—From Latin axis, meaning axis (an imaginary 

line about which something revolves)
❍	 Base/basilar—From Latin basilaris, meaning the base 

of something
❍	 Bicipital—From Latin bi, meaning two, and Greek 

kephale, meaning head
❍	 Bifid—From Latin bis, meaning twice, and Latin 

findere, meaning to cleave
❍	 Calcaneus, pl. calcanei—From Latin calcaneus, 

meaning heel bone
❍	 Canine—From Latin caninus, meaning pertaining to 

a dog (refers to proximity to canine tooth)
❍	 Capitate, capitulum—From Latin caput, meaning a 

small head
❍	 Carotid—From Greek karoun, meaning to plunge 

into sleep or stupor (because compression of the 
carotid arteries can result in unconsciousness)

❍	 Carpal—From Greek karpos, meaning wrist
❍	 Cervical—From Latin cervicalis, meaning pertaining 

to the neck
❍	 Clavicle—From Latin clavicula, meaning a small key

❍	 Coccyx, pl. coccyges—From Greek kokkyx, meaning 
cuckoo bird

❍	 Concha—From Greek konch, meaning shell
❍	 Condyle—From Greek kondylos, meaning knuckle
❍	 Conoid—From Greek konos, meaning cone, and 

Greek eidos, meaning resemblance
❍	 Coracoid—From Greek korax, meaning raven, and 

Greek eidos, meaning resemblance
❍	 Cornu, pl. cornua—From Latin cornu, meaning 

horn
❍	 Coronoid—From Greek korone, meaning crown, 

and Greek eidos, meaning resemblance
❍	 Costal—From Latin costa, meaning rib
❍	 Coxal—From Latin coxa, meaning hip
❍	 Cranium—From Latin cranium, meaning skull
❍	 Cribriform—From Latin cribum, meaning sieve, and 

Latin forma, meaning shape
❍	 Crista galli—From Latin crista, meaning crest or 

plume, and Latin gallus, meaning rooster
❍	 Cuboid—From Greek kubos, meaning cube, and 

Greek eidos, meaning resemblance
❍	 Cuneiform—From Latin cuneus, meaning wedge, 

and Latin forma, meaning shape
❍	 Deltoid—From Latin deltoides, meaning shaped like 

a delta (∆), and Greek eidos, meaning resemblance
❍	 Dens, pl. dentes—From Latin dens, meaning tooth
❍	 Disc—From Greek diskos, meaning a flat round 

structure
❍	 Dorsum sellae—From Latin dorsum, meaning back, 

and Latin sella, meaning saddle (the dorsum sellae 
is the posterior wall of the sella turcica)

❍	 Epicondyle—From Greek epi, meaning upon, and 
Greek kondylos, meaning knuckle

❍	 Ethmoid—From Greek ethmos, meaning sieve, and 
Greek eidos, meaning resemblance

❍	 Facet—From French facette, meaning a small face
❍	 Femur, pl. femora—From Latin femur, meaning 

thighbone
❍	 Fibula—From Latin fibula, meaning that which 

clasps or clamps
❍	 Fovea—From Latin fovea, meaning a pit
❍	 Frontal—From Latin frontalis, meaning anterior
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❍	 Glabella—From Latin glaber, meaning smooth
❍	 Glenoid—From Greek glene, meaning socket, and 

Greek eidos, meaning resemblance
❍	 Gluteal—From Greek gloutos, meaning buttock
❍	 Hamate—From Latin hamatus, meaning hooked
❍	 Hamulus, pl. hamuli—From Latin hamulus, meaning 

a small hook
❍	 Hemifacet—From Greek hemi, meaning half, and 

French facette, meaning small face
❍	 Hiatus—From Latin hiatus, meaning an opening
❍	 Humerus, pl. humeri—From Latin humerus, 

meaning shoulder
❍	 Hyoid—From Greek hyoeides, meaning U-shaped
❍	 Ilium, pl. ilia—From Latin ilium, meaning groin, 

flank
❍	 Incisive—From Latin incisus, meaning to cut (refers 

to proximity to incisor teeth)
❍	 Infraspinatus—From Latin infra, meaning beneath 

(the spine of the scapula)
❍	 Inion—From Greek inion, meaning back of the 

neck
❍	 Innominate—From Latin innominatus, meaning 

nameless, unnamed
❍	 Intercostal—From Latin inter, meaning between, 

and Latin costa, meaning rib
❍	 Interosseus—From Latin inter, meaning between, 

and Latin ossis, meaning bone
❍	 Ischium, pl. ischia—From Greek ischion, meaning 

hip
❍	 Jugular—From Latin jugularis, meaning neck (refers 

to jugular vein)
❍	 Kyphosis—From Greek kyphos, meaning bent, 

humpback
❍	 Lacerum—From Latin lacerare, meaning to tear
❍	 Lacrimal—From Latin lacrimal, meaning tear
❍	 Lambdoid—From Greek letter lambda (l), and 

Greek eidos, meaning resemblance
❍	 Lamina, pl. laminae—From Latin lamina, meaning a 

thin flat layer or plate
❍	 Lingula—From Latin lingua, meaning tongue
❍	 Lordotic—From Greek lordosis, meaning a bending 

backward
❍	 Lumbar—From Latin lumbus, meaning loin, low back
❍	 Lunate—From Latin luna, meaning moon
❍	 Magnum—From Latin magnum, meaning large
❍	 Malleolus, pl. malleoli—From Latin malleolus, 

meaning little hammer
❍	 Mamillary—From Latin mamma, meaning breast
❍	 Mandible—From Latin mandere, meaning to chew
❍	 Manubrium, pl. manubria—From Latin manubrium, 

meaning handle
❍	 Mastoid—From Greek mastos, meaning breast, and 

Greek eidos, meaning resemblance
❍	 Maxilla, pl. maxillae—From Latin maxilla, meaning 

jawbone (especially the upper one)
❍	 Meatus—From Latin meatus, meaning a passage
❍	 Mental/menti—From Latin mentum, meaning mind

❍	 Metacarpal—From Greek meta, meaning after, and 
Greek karpos, meaning wrist

❍	 Metatarsal—From Greek meta, meaning after, and 
from Greek tarsas, referring to the tarsal bones

❍	 Mylohyoid—From Greek myle, meaning mill (refers 
to molar teeth that grind food), and Greek 
hyoeides, meaning U-shaped

❍	 Nasal—From Latin nasus, meaning nose
❍	 Navicular—From Latin navicula, meaning boat
❍	 Nuchal—From Latin nucha, meaning back of the 

neck
❍	 Obturator—From Latin obturare, meaning to stop 

up
❍	 Occipital—From Latin occipitalis, meaning back of 

the head
❍	 Odontoid—From Greek odous, meaning tooth, and 

Greek eidos, meaning resemblance
❍	 Olecranon—From Greek olecranon, meaning elbow
❍	 Optic—From Greek optikos, meaning pertaining to 

the sense of sight (the optic foramen contains the 
optic nerve)

❍	 Palatine—From Latin palatinus, meaning concerning 
the palate

❍	 Parietal—From Latin parietalis, meaning pertaining 
to the wall of a cavity

❍	 Patella, pl. patellae—From Latin patella, meaning a 
plate

❍	 Pedicle—From Latin pediculus, meaning small foot
❍	 Pelvic bone—From Latin pelvis, meaning basin
❍	 Petrous—From Latin petra, meaning stone
❍	 Phalanx, pl. phalanges—From Latin phalanx, 

meaning a line of soldiers
❍	 Pisiform—From Latin pisum, meaning pea, and 

Latin forma, meaning shape
❍	 Promontory—From Latin promontorium, meaning a 

projecting process or part
❍	 Pterygoid—From Greek pterygion, meaning wing
❍	 Pubis, pl. pubes—From Latin pubes, meaning 

grown up
❍	 Radius, pl. radii—From Latin radius, meaning rod, 

spoke of a wheel
❍	 Ramus, pl. rami—From Latin ramus, meaning 

branch
❍	 Sacrum—From Latin sacrum, meaning sacred
❍	 Sagittal—From Latin sagittal, meaning arrow (refers 

to a posterior/anterior direction)
❍	 Scaphoid—From Greek skaphe, meaning a skiff or 

boat, and Greek eidos, meaning resemblance
❍	 Scapula, pl. scapulae—From Latin scapulae, 

meaning shoulder blades
❍	 Sciatic—From Latin sciaticus, meaning pertaining to 

ischium (i.e., hip)
❍	 Sella turcica—From Latin sella, meaning saddle, and 

Latin turcica, meaning Turkish
❍	 Sesamoid—From Greek sesamon, meaning sesame 

seed, and Greek eidos, meaning resemblance
❍	 Soleal—From Latin solea, meaning sole of the foot
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❍	 Sphenoid—From Greek sphen, meaning wedge, 
and Greek eidos, meaning resemblance

❍	 Spine/spinous—From Latin spina, meaning thorn
❍	 Squamosal—From Latin squamosus, meaning scaly
❍	 Sternum—From Greek sternon, meaning chest, 

breastbone
❍	 Styloid—From Greek stylos, meaning pillar or post, 

and Greek eidos, meaning resemblance
❍	 Subscapular—From Latin sub, meaning under 

(referring to the underside [i.e., the anterior side] of 
the scapula)

❍	 Subtalar—From Latin sub, meaning under, and 
talar, referring to the talus

❍	 Sulcus, pl. sulci—From Latin sulcus, meaning 
groove

❍	 Superciliary—From Latin super, meaning above, and 
Latin cilium, meaning eyebrow

❍	 Supraorbital—From Latin supra, meaning above, 
and Latin orbis, meaning circle, orb

❍	 Supraspinatus—From Latin supra, meaning above 
(the spine of the scapula)

❍	 Sustentaculum—From Latin sustentaculum, 
meaning support

❍	 Suture—From Latin sutura, meaning a seam
❍	 Symphysis—From Greek sym, meaning with or 

together, and Greek physis, meaning nature, 
body

❍	 Talus, pl. tali—From Latin talus, meaning ankle

❍	 Tarsal—From Greek tarsos, meaning a broad flat 
surface

❍	 Temporal—From Latin temporalis, meaning 
pertaining to or limited in time (refers to the 
temple region of the head)

❍	 Thoracic—From Greek thorax, meaning chest
❍	 Tibia, pl. tibiae—From Latin tibia, meaning the 

large shinbone
❍	 Transverse—From Latin transversus, meaning lying 

across
❍	 Trapezium, trapezoid—From Greek trapeza, 

meaning a (four-sided) table
❍	 Triquetrum—From Latin triquetrus, meaning 

triangular
❍	 Trochanter—From Greek trochanter, meaning to 

run
❍	 Trochlea—From Latin trochlear, meaning pulley
❍	 Tubercle—From Latin tuberculum, or tuber, 

meaning a small knob, swelling, tumor
❍	 Tuberosity—From Latin tuberositas, or tuber, 

meaning a knob, swelling, tumor
❍	 Ulna, pl. ulnae—From Latin ulna, meaning elbow
❍	 Uncus—From Latin uncus, meaning hook
❍	 Vomer—From Latin vomer, meaning ploughshare
❍	 Xiphoid—From Greek xiphos, meaning sword, and 

Greek eidos, meaning resemblance
❍	 Zygomatic—From Greek zygon, meaning to join, a 

yolk

The following key terms are a number of general terms 
that are used to describe landmarks on bones. Many bony 
landmarks are raised aspects of a bone’s surface that serve 
as muscle and/or ligament attachment sites.
Angle—A corner of a bone.
Articular surface—The surface of a bone that articulates 

with another bone (i.e., the joint surface).
Body—The main portion of a bone; the body of a long 

bone is the shaft.
Condyle—Rounded bump found at the end of a long 

bone (part of the epiphysis); usually part of a joint 
fitting into a fossa of an adjacent bone.

Crest—A moderately raised ridge of bone; often a site of 
muscle attachment.

Eminence—A raised prominent area of a bone.
Epicondyle—A small bump found on a condyle; often a 

site of muscle attachment.
Facet—A smooth (usually flat) surface on a bone that 

forms a joint with another facet or flat surface of an 
adjacent bone.

Fissure—A cleft or cracklike hole in a bone that allows the 
passage of nerves and/or vessels.

Foramen—A hole within a bone that allows the passage 
of a nerve and/or vessel (plural: foramina).

Fossa—A depression in a bone that often receives an artic-
ulating bone (plural: fossae).

Groove—A narrow elongated depression within a bone, 
often containing a tendon, nerve, or vessel.

Head—The expanded rounded end (epiphysis) of a long 
bone; usually separated from the body (i.e., shaft) of 
the bone by a neck.

Hiatus—An opening in a bone.
Impression—A shallow groove on a bone, often formed 

by a tendon, nerve, or vessel.
Line—A mildly raised ridge of bone (usually less than a 

crest); often a site of muscle attachment.
Lip—A raised liplike structure that forms the border of a 

groove or opening.
Margin—The edge of a bone.
Meatus—A tubelike channel within a bone.
Neck—A narrowed portion of a bone that separates the 

head from the body (i.e., shaft) of a bone.
Notch—A V-shaped or U-shaped depression in a bone.
Process—A projection of a bone; may be involved with an 

articulation or may be a site of muscle attachment.
Protuberance—A bump on a bone; often the site of muscle 

attachment.
Ramus—A portion of bone that branches from the body 

of the bone (plural: rami).
Sinus—A cavity within a bone.
Spine—A thornlike, sharp, pointed process of a bone; 

often a site of muscle attachment.
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Sulcus—A groove or elongated depression in a bone 
(plural: sulci).

Trochanter—A large bump on a bone (larger than a tuber-
cle/tuberosity); usually a site of muscle attachment.

Tubercle/tuberosity—A moderately sized bump on a 
bone; often a site of muscle attachment. A tubercle is 
usually considered to be smaller than a tuberosity.

THE SKELETAL SYSTEM:

❍	 The human skeleton is usually said to have 206 bones 
(Box 4-1).

❍	 This number is based on the axial skeleton having 
80 bones and the appendicular skeleton having 126. 
The axial skeleton makes up the central vertical axis of 
the body and is composed of the bones of the head, 
neck, trunk, and the sacrum and coccyx (Box 4-2).

❍	 The appendicular skeleton is made up of the append-
ages that attach onto the axial skeleton (i.e., the upper 
and lower extremities), including the bones of the 
shoulder girdle (scapulae and clavicles) and the pelvic 

The stated number of 206 bones in the human body is variable. 
Sesamoid bones in addition to the patellae usually exist, and 
small islets of bone located within the sutures of the skull called 
wormian bones are often present. Furthermore, occasional 
anomalous bones may exist. Any bone beyond the usual number 
of 206 may be called a supernumerary bone.

BOX 4-1	

Another way to look at the axial skeleton is to say that it is 
composed of the bones of the head, spinal column (the sacrum 
and coccyx are part of the spinal column), ribcage, and hyoid.

BOX 4-2	

girdle (pelvic bones). Figures 4-1 and 4-2 illustrate the 
axial and appendicular skeletons. Table 4-1 lists the 
bones of the human body.

❍	 Note: Whenever a bone exists on both sides of the 
body, the right-sided bone is shown in this chapter.

From Thibodeau GA, Patton KT: Anatomy and physiology, ed 5, St Louis, 2003, Mosby.

TABLE 4-1	 Bones of Skeleton (206 Total)

Axial Skeleton (80 Bones Total)

Part of Body Name of Bone(s)

Skull (28 bones total)
Cranium (8 bones) Frontal (1)

Parietal (2)
Temporal (2)
Occipital (1)
Sphenoid (1)
Ethmoid (1)

Face (14 bones) Nasal (2)
Maxillary (2)
Zygomatic (2)
Mandible (1)
Lacrimal (2)
Palatine (2)
Inferior nasal conchae (2)
Vomer (1)

Ear bones (6 bones) Malleus (2)
Incus (2)
Stapes (2)

Hyoid bone (1)
Spinal column (26 bones total) Cervical vertebrae (7)

Thoracic vertebrae (12)
Lumbar vertebrae (5)
Sacrum (1)
Coccyx (1)

Sternum and ribs (25 bones total) Sternum (1)
True ribs (14)
False ribs (10)

Appendicular Skeleton (126 Bones Total)

Part of Body Name of Bone(s)

Upper extremities (including 
shoulder girdle) (64 bones 
total)

Clavicle (2)
Scapula (2)
Humerus (2)
Radius (2)
Ulna (2)
Carpals (16)
Metacarpals (10)
Phalanges (28)

Lower extremities (including 
pelvic girdle) (62 bones total)

Pelvis (2)
Femur (2)
Patella (2)
Tibia (2)
Fibula (2)
Tarsals (14)
Metatarsals (10)
Phalanges (28)
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FIGURE 4-1  Bones colored beige are bones of the appendicular skeleton; bones colored green are bones 
of the axial skeleton.

Skull (cranium)

Mandible

Cervical vertebrae

Sternum

Ribcage

Thoracic vertebrae

Lumbar vertebrae

Sacrum

Pelvic bone

Femur

Patella

Tibia
Fibula

Tarsals

Metatarsals

Phalanges

Phalanges

Metacarpals
Carpals

Ulna    

 Radius

Humerus

Scapula

Clavicle

FULL SKELETON—ANTERIOR VIEW



73PART II  Skeletal Osteology: Study of the Bones

FIGURE 4-2  Bones colored beige are bones of the appendicular skeleton; bones colored green are bones 
of the axial skeleton.
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4.1  BONES OF THE HEAD

SKULL—ANTERIOR VIEW (COLORED)

FIGURE 4-3 
Frontal bone
Parietal bone
Occipital bone (not seen)
Temporal bone
Sphenoid bone
Zygomatic bone
Maxilla
Mandible
Nasal bone
Lacrimal bone
Ethmoid bone
Vomer
Palatine bone
Inferior nasal concha
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NOTES
1.	 Embryologically, two maxillary bones (left and right) exist. 

However, these two bones fuse to form one maxilla (an 
incomplete fusion results in a cleft palate). For this 
reason, we may speak of one maxilla (singular) or of two 
maxillary bones (plural).

2.	 The frontal, sphenoid, zygomatic, maxillary, lacrimal, and 
ethmoid bones all have a presence in the orbital cavity.

3.	 The ethmoid, vomer, and inferior nasal concha are all 
visible in this anterior view of the nasal cavity.
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SKULL—ANTERIOR VIEW

FIGURE 4-4 
1	 Frontal bone (#1-6)
2	 Superciliary arch
3	 Supraorbital margin
4	 Supraorbital notch
5	 Glabella
6	 Orbital surface
7	 Nasal bone
8	 Internasal suture
9	 Frontonasal suture

10	 Nasomaxillary suture
11	 Orbital cavity
12	 Superior orbital fissure
13	 Inferior orbital fissure
14	 Greater wing of sphenoid
15	 Lesser wing of sphenoid
16	 Lacrimal bone
17	 Ethmoid bone
18	 Middle nasal concha (of ethmoid bone)
19	 Inferior nasal concha
20	 Vomer
21	 Palatine bone
22	 Frontozygomatic suture
23	 Infraorbital margin
24	 Zygomatic bone
25	 Zygomaticomaxillary suture

Maxilla (#26-31):
26	 Frontal process
27	 Infraorbital foramen
28	 Canine fossa
29	 Incisive fossa (indicated by dotted line)
30	 Alveolar process (indicated by dashed line)
31	 Anterior nasal spine
32	 Intermaxillary suture

Mandible (#33-43):
33	 Body
34	 Ramus
35	 Angle
36	 Mental foramen
37	 Incisive fossa (indicated by dotted line)
38	 Alveolar fossa (indicated by dashed line)
39	 Symphysis menti
40	 Mental tubercle
41	 Oblique line (indicated by solid line)
42	 Temporal bone
43	 Parietal bone
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NOTES
1.	 The term cranium is usually considered to be synonymous with 

the term skull. Some sources exclude the mandible and/or other 
facial bones from the term cranium.

2.	 The glabella is a smooth prominence on the frontal bone, just 
superior to the nose.

3.	 The inferior nasal concha is an independent bone. The middle 
and superior nasal conchae are landmarks of the ethmoid bone.

4.	 The vomer and ethmoid both contribute to the nasal septum, 
which divides the nasal cavity into left and right nasal passages.

5.	 The supraorbital margin is wholly located on the frontal bone; 
the infraorbital margin is located on the maxilla and the 
zygomatic bone.
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SKULL—RIGHT LATERAL VIEW (COLORED)

FIGURE 4-5 
Frontal bone
Parietal bone
Temporal bone
Sphenoid bone
Zygomatic bone
Maxilla
Mandible
Occipital bone
Nasal bone
Lacrimal bone
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NOTES
1.	 The occipital bone is often referred to as the occiput.
2.	 In this lateral view, the sphenoid bone is visible posterior 

to the maxilla (between the condyle and coronoid process 
of the mandible).
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SKULL—RIGHT LATERAL VIEW

FIGURE 4-6 
1	 Frontal bone
2	 Glabella
3	 Coronal suture
4	 Frontozygomatic suture
5	 Superior temporal line
6	 Parietal bone
7	 Lambdoid suture
8	 Occipital bone
9	 External occipital protuberance 

(EOP)
10	 Temporal bone (#11-14)
11	 Mastoid process
12	 Styloid process
13	 External auditory meatus
14	 Zygomatic arch
15	 Squamosal suture
16	 Zygomaticotemporal suture
17	 Temporomandibular joint (TMJ)
18	 Greater wing of sphenoid bone
19	 Lateral pterygoid plate (of the 

pterygoid process) of the 
sphenoid bone

20	 Zygomatic bone
21	 Nasal bone
22	 Maxilla
23	 Anterior nasal spine
24	 Frontal process of maxilla
25	 Lacrimal bone

Mandible (#26-32):
26	 Body
27	 Angle
28	 Ramus
29	 Coronoid process
30	 Condyle
31	 Mental foramen
32	 Mental tubercle
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NOTES
1.	 The temporal fossa (the attachment site of the temporalis 

muscle) is a broad area of the skull that overlies the 
temporal, parietal, frontal, and sphenoid bones. The 
superior margin of the temporal fossa is the superior 
temporal line, visible on the frontal bone (#5).

2.	 The external auditory meatus is the opening into the middle 
ear cavity, which is located within the temporal bone.

3.	 The zygomatic arch is usually spoken of as being a 
landmark only of the temporal bone. However, technically 
the zygomatic arch is a landmark of both the temporal and 
zygomatic bones formed by the zygomatic process of the 
temporal bone and the temporal process of the zygomatic 
bone (see Figure 4-15, C).

4.	 The squamosal suture is named for being next to the 
squamous portion (the superior aspect near the parietal 
bone) of the temporal bone. The squamous portion of the 
temporal bone is so named because it usually has a scaly 
appearance (squamous means scaly).

5.	 The lateral pterygoid plate (of the pterygoid process) of the 
sphenoid bone (visible as #19) is the medial attachment 
site of the lateral and medial pterygoid muscles. The medial 
pterygoid muscle attaches to its medial surface; the lateral 
pterygoid muscle attaches to its lateral surface (visible as 
#19).
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SKULL—POSTERIOR VIEWS

FIGURE 4-7 
1	 Parietal bone
2	 Sagittal suture
3	 Lambdoid suture

Occipital bone (#4-10):
4	 Occipital bone
5	 Highest nuchal line
6	 Superior nuchal line
7	 External occipital protuberance (EOP)
8	 Inferior nuchal line
9	 External occipital crest

10	 Condyle
11	 Temporal bone
12	 Mastoid process of the temporal bone
13	 Maxilla
14	 Tuberosity of the maxilla

Sphenoid bone (#15-17):
15	 Lateral pterygoid plate of the pterygoid process
16	 Medial pterygoid plate of the pterygoid process
17	 Pterygoid hamulus
18	 Vomer
19	 Palatine bone
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NOTES
1.	 The external occipital protuberance (EOP) is also known 

as the inion.
2.	 The EOP is located in the middle of the superior nuchal 

line of the occiput.
3.	 The lateral and medial pterygoid plates are landmarks of 

the pterygoid process of the sphenoid bone.
4.	 The lateral pterygoid muscle attaches to the lateral 

surface of the lateral pterygoid plate of the sphenoid; the 
medial pterygoid muscle attaches to the medial surface of 
the lateral pterygoid plate of the sphenoid.

Mandible (#20-25):
20	 Mandible
21	 Inferior and superior mental spines
22	 Mylohyoid line
23	 Lingula
24	 Angle
25	 Ramus
26	 Zygomatic bone
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SKULL—INFERIOR VIEWS

FIGURE 4-8 
Occipital bone (#1-9):
1	 External occipital crest
2	 Inferior nuchal line
3	 Superior nuchal line
4	 External occipital protuberance (EOP)
5	 Foramen magnum
6	 Condyle
7	 Basilar part
8	 Jugular process
9	 Foramen lacerum

Temporal bone (#10-15):
10	 Temporal bone
11	 Mastoid process
12	 Mastoid notch
13	 Styloid process
14	 Zygomatic arch
15	 Carotid canal
16	 Jugular foramen (of the occipital bone)
17	 Vomer

Sphenoid bone (#18-22):
18	 Medial pterygoid plate of pterygoid process
19	 Pterygoid hamulus
20	 Lateral pterygoid plate of pterygoid process
21	 Greater wing of sphenoid
22	 Foramen ovale
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23	 Palatine bone
24	 Posterior nasal spine of palatine bones
25	 Maxilla
26	 Zygomatic bone
27	 Mandible
28	 Angle of the mandible
29	 Frontal bone
30	 Parietal bone

NOTES
1.	 The foramen magnum is the division point between the 

brain and spinal cord. The brain and spinal cord are 
actually one structure; superior to the foramen magnum is 
the brain; inferior to it is the spinal cord.

2.	 The foramen lacerum is mostly blocked with cartilage, 
allowing only a small nerve, the nerve of the pterygoid 
canal, to pass through.

3.	 The carotid canal provides a passageway for the internal 
carotid artery to enter the cranial cavity.

4.	 The jugular foramen provides a passageway for cranial 
nerves (CNs) IX, X, and XI to pass from the brain to the 
neck. Venous blood draining from the brain to the internal 
jugular vein also passes through the jugular foramen.

5.	 The foramen ovale provides a passageway for the 
mandibular division of the trigeminal nerve (CN V) to pass 
from the brain to the neck.
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SKULL—INTERNAL VIEWS

FIGURE 4-9 
Occipital bone (#1-5):
1	 Occipital bone
2	 Internal occipital protuberance
3	 Foramen magnum
4	 Basilar part
5	 Jugular foramen
6	 Parietal bone
7	 Squamous part of temporal bone
8	 Petrous part of temporal bone
9	 Foramen lacerum

Sphenoid bone (#10-16):
10	 Sphenoid bone
11	 Lesser wing
12	 Greater wing
13	 Sella turcica
14	 Dorsum sellae
15	 Foramen ovale
16	 Optic foramen
17	 Frontal bone (orbital part)
18	 Frontal crest
19	 Crista galli of ethmoid bone
20	 Cribriform plate of ethmoid bone
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NOTES
1.	 The sella turcica of the sphenoid is where the pituitary 

gland sits (sella turcica literally means Turkish saddle).
2.	 The optic foramen allows passage of the optic nerve 

(cranial nerve [CN] II) from the eye to the brain.
3.	 From this view, the eyeball is located deep to the orbital 

part of the frontal bone (#17).
4.	 The crista galli of the ethmoid is an attachment site of the 

falx cerebri of the dura mater, one of the meninges of the 
brain.

5.	 Receptor cells for the sense of smell from the nasal cavity 
pierce the cribriform plate of the ethmoid bone to connect 
with the olfactory bulb (CN I) of the brain.

6.	 The basilar portion of the occiput and the most posterior 
portion of the sphenoid are often collectively called the 
clivus.

21	 Nasal bone
22	 Maxilla
23	 Zygomatic arch of temporal bone
24	 Temporal arch of zygomatic bone
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SKULL—SAGITTAL SECTION AND THE ORBITAL CAVITY

FIGURE 4-10  A, Right half of the skull viewed from within. B, Bones that form the right orbit. (Modified 
from Patton KT, Thibodeau GA: Anatomy and physiology, ed 7, St Louis, 2010, Mosby.)
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MANDIBLE

FIGURE 4-11  A, Right lateral view. B, Oblique view. C, Superior view.
1	 Body
2	 Mental foramen
3	 Oblique line
4	 Mental protuberance
5	 Symphysis menti
6	 Alveolar process (indicated in light pink)
7	 Incisive fossa (indicated in dark pink)
8	 Angle
9	 Ramus

10	 Coronoid process
11	 Mandibular notch
12	 Head of condyle
13	 Neck of condyle
14	 Lingula
15	 Mylohyoid line
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NOTES
1.	 The symphysis menti is where the left and right sides of 

the mandible fuse together.
2.	 The word ramus means branch. The ramus of the 

mandible branches from the body of the mandible.
3.	 The coronoid process and condyle are landmarks of the 

ramus of the mandible.
4.	 The condyle of the mandible articulates with the temporal 

bone, forming the temporomandibular joint (TMJ).
5.	 The head of the condyle is easily palpable just anterior to 

the ear while the mouth is opened and closed (elevating 
and depressing the mandible at the TMJ). Alternately, 
place your palpating finger inside your ear and press 
anteriorly while opening and closing the mouth.

6.	 The mylohyoid line is the attachment site on the internal 
mandible of the mylohyoid muscle.
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PARIETAL, TEMPORAL, AND FRONTAL BONES

FIGURE 4-12  A, Lateral view at the right parietal bone. B, Lateral view of the right temporal bone. 
C, Anterior view of the frontal bone. (Modified from Patton KT, Thibodeau GA: Anatomy and physiology, 
ed 7, St Louis, 2010, Mosby.)
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OCCIPITAL AND SPHENOID BONES

FIGURE 4-13  A, Inferior view of the occipital bone. B, Superior view of the sphenoid bone (within the 
cranial cavity). C, Posterior view of the sphenoid bone. (Modified from Patton KT, Thibodeau GA: Anatomy 
and physiology, ed 7, St Louis, 2010, Mosby.)
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ETHMOID AND VOMER

FIGURE 4-14  A, Superior view of the ethmoid bone. B, Right lateral view of the ethmoid bone. C, Anterior 
view of the ethmoid bone. D, Anterior view of the vomer. E, Right lateral view of the vomer. (Modified from 
Patton KT, Thibodeau GA: Anatomy and physiology, ed 7, St Louis, 2010, Mosby.)
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MAXILLARY AND ZYGOMATIC BONES

FIGURE 4-15  A, Medial view of the right maxilla. B, Lateral view of the right maxilla. C, Lateral view of the 
right zygomatic bone. (Modified from Patton KT, Thibodeau GA: Anatomy and physiology, ed 7, St Louis, 2010, 
Mosby.)
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FIGURE 4-16  A, Medial view of the right palatine bone. B, Anterior view of the right palatine bone. 
C, Anterior view of the right lacrimal bone. D, Anterior view of the right nasal bone. (From Patton KT, Thibodeau 
GA: Anatomy and physiology, ed 7, St Louis, 2010, Mosby.)
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4.2  BONES OF THE SPINE (AND HYOID)

SPINAL COLUMN—POSTERIOR VIEW

FIGURE 4-17 
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NOTES
1.	 The spine is part of the axial skeleton and is 

composed of five regions: the cervical, thoracic, 
lumbar, sacral, and coccygeal spines.

2.	 The spine has seven cervical vertebrae (named 
C1-C7), 12 thoracic vertebrae (named T1-T12), 
five lumbar vertebrae (named L1-L5), one sacrum 
(composed of five fused sacral vertebrae, named 
S1-S5), and one coccyx (usually composed of four 
rudimentary vertebrae, named Co1-Co4).

3.	 Vertebra is singular; vertebrae is plural.
4.	 The spinal column is composed of 24 vertebrae, 

a sacrum, and a coccyx.
5.	 The cervical spine is located within the neck.
6.	 The thoracic and lumbar spines are located in the 

trunk.
7.	 The thoracic spine constitutes the thorax; the 

lumbar spine constitutes the abdomen.
8.	 The thoracic spine is defined by having the 

ribcage attach to it; hence humans have 12 pairs 
of ribs and 12 thoracic vertebrae.

9.	 The sacrum and coccyx are located within the 
pelvis.
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FIGURE 4-18 
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NOTES
1.	 Curves of the spine: The cervical and lumbar spines 

are lordotic (i.e., concave posteriorly); the thoracic 
and sacral (sacrococcygeal) spines are kyphotic 
(i.e., concave anteriorly).

2.	 Generally a disc joint and paired right and left 
facet joints are found between each two 
contiguous vertebrae.

3.	 Intervertebral foramina (singular: foramen) are 
where spinal nerves enter/exit the spine.

4.	 Spinous processes (SPs) project posteriorly and are 
usually easily palpable. (Note: The word spine 
means thorn; SPs are pointy like thorns.)

5.	 Transverse processes (TPs) project laterally in the 
transverse plane (hence their name).

6.	 Because the spine is a weight-bearing structure, 
the bodies of the vertebrae (the weight-bearing 
aspect of the spinal column) get progressively 
larger from superior to inferior.
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FIGURE 4-19  A, Right lateral view of the cervical spine. B, Right lateral 
view of the hyoid bone. C, Anterior view of the cervical spine. D, Anterior 
view of the hyoid bone.
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NOTES
1.	 The hyoid is located at the level of the C3 vertebra.
2.	 The greater cornu and lesser cornu of the hyoid are also 

known as the greater and lesser horns.
3.	 The hyoid bone serves as an attachment site for the hyoid 

muscle group, as well as many muscles of the tongue.
4.	 The hyoid is the only bone in the human body that does 

not articulate with another bone.
5.	 The lordotic (i.e., concave posteriorly) curve of the cervical 

spine is indicated by the line drawn anterior to the 
cervical spine.

6.	 The spinous processes (SPs) of C2 and C7 are very 
palpable and serve as excellent landmarks.
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FIGURE 4-20  A, Posterior view. B, Anterolateral oblique view. 
C, Posterosuperior oblique view.
1	 Anterior arch of C1 (atlas)
2	 Dens of C2 (axis)
3	 Superior articular process/facet of C1
4	 Body of C2
5	 Posterior tubercle of C1
6	 Spinous process (SP) of C2
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NOTES
1.	 The oblique view of the cervical spine demonstrates the 

intervertebral foramina well (the right C3-C4 intervertebral 
foramen is labeled). The intervertebral foramen is where 
the spinal nerve enters/exits the spinal cord.

2.	 The posterosuperior oblique view demonstrates the 
atlantoaxial joint complex well (Figure 4-20, C).
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FIGURE 4-21  A, Superior view. B, Inferior view. C, Anterior view. 
D, Posterior view. E, Right lateral view.
1	 Anterior arch
2	 Anterior tubercle
3	 Facet for dens of axis (C2)
4	 Superior articular process/facet
5	 Inferior articular process/facet
6	 Transverse process (TP)
7	 Transverse foramen
8	 Posterior arch
9	 Posterior tubercle

10	 Vertebral foramen
11	 Lateral mass
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NOTES
1.	 Unlike the other vertebrae, the atlas has no body. What 

would have been the body of the atlas became the dens 
of the axis (C2).

2.	 Also unique to the atlas are the anterior and posterior 
arches. The centers of these arches have the anterior and 
posterior tubercles, respectively.

3.	 The superior articular processes of the atlas articulate with 
the occipital condyles at the atlanto-occipital joint; the 
inferior articular processes of the atlas articulate with the 
superior articular processes of the axis at the atlantoaxial 
(C1-C2) joint.

4.	 The superior and inferior articular processes of the atlas 
create what is termed the lateral mass (labeled in the 
anterior view).
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FIGURE 4-22  A, Superior view. B, Inferior view. C, Anterior view. 
D, Posterior view. E, Right lateral view.
1	 Dens (odontoid process)
2	 Superior articular process/facet
3	 Inferior articular process/facet
4	 Transverse process (TP)
5	 Transverse foramen
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8	 Spinous process (SP) (bifid)
9	 Vertebral foramen
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NOTES
1.	 The dens of the axis creates an axis of rotation for the 

atlas to rotate about, hence the name C2 (i.e., the axis).
2.	 The superior articular processes of the axis articulate with 

the inferior articular processes of the atlas.
3.	 The spinous process (SP) of C2 is very large and an 

excellent landmark when a client’s posterior neck is 
palpated. It will be the first large structure felt midline, 
inferior to the skull.

4.	 The SP of the axis is bifid. Furthermore, the two bifid 
points are often asymmetric in size and shape.

5.	 The facet on the dens articulates with the anterior arch of 
the atlas, forming the atlanto-odontoid joint.
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C5 (TYPICAL CERVICAL VERTEBRA)

FIGURE 4-23  A, Superior view. B, Inferior view. C, Anterior view. 
D, Posterior view.
1	 Body
2	 Uncus of body
3	 Anterior tubercle of transverse process (TP)
4	 Posterior tubercle of TP
5	 Groove for spinal nerve (on TP)
6	 Transverse foramen
7	 Pedicle
8	 Superior articular process/facet
9	 Inferior articular process/facet

10	 Lamina
11	 Spinous process (SP) (bifid)
12	 Vertebral foramen
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NOTES
1.	 The articular process is the entire structural landmark that 

projects outward from the bone; the articular facet is the 
smooth articular surface located on the articular process.

2.	 The plural of foramen is foramina.
3.	 The cervical vertebrae possess a number of structures that 

the other vertebrae do not: an uncus is located on the left 
and right sides of the body; they have bifid (i.e., two 
points on their) spinous processes (SPs); their transverse 
processes (TPs) have an anterior and posterior tubercle; 
and they have a foramen located within the TP (hence the 
name transverse foramen).

4.	 The bifid SP of a cervical vertebra is often asymmetric. 
This may lead one to conclude on palpatory examination 
that the vertebra is rotated when it is not.

5.	 The cervical transverse foramen allows passage up to the 
skull of the vertebral artery.
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FIGURE 4-23  E, Right lateral view. F, Oblique posterior view; and
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FIGURE 4-24 
1	 Body
2	 Uncus of body
3	 Anterior tubercle of transverse process (TP)
4	 Posterior tubercle of TP
5	 Groove for spinal nerve (on TP)
6	 Transverse foramen
7	 Pedicle
8	 Superior articular process/facet
9	 Inferior articular process/facet

10	 Lamina
11	 Spinous process (SP) (bifid)
12	 Vertebral foramen
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NOTES
1.	 Figure 4-24 shows the superior view of all seven cervical 

vertebrae (cervical endplate view). The differences from 
one cervical level to another can be seen.

2.	 C1 is also known as the atlas; C2 is also known as the 
axis.

3.	 The anterior tubercle of the transverse process (TP) of C6 
is larger than the other anterior tubercles and is known as 
the carotid tubercle.

4.	 The large spinous process (SP) of C7 more closely 
resembles the SPs of the thoracic vertebrae than it does 
those of the other cervical vertebrae. This large SP gives 
C7 its name, the vertebra prominens.

C5 (CONTINUED) AND CERVICAL ENDPLATES
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FIGURE 4-25 
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THORACIC SPINE—RIGHT LATERAL VIEW

NOTES
1.	 The kyphotic (i.e., concave anteriorly) curve of the thoracic 

spine is indicated by the line drawn anterior to the thoracic 
spine.

2.	 The lateral view of the thoracic spine demonstrates the 
intervertebral foramina well (the right T5-T6 intervertebral 
foramen is labeled). The intervertebral foramen is where the 
spinal nerve enters/exits the spinal cord.

3.	 The long downward-slanted orientation of the thoracic 
spinous processes (SPs), especially of the midthoracic spine, 
can be seen. The tip of a thoracic SP is at the level of the 
body of the vertebra below it (e.g., see the body and SP of 
T6, labeled).

4.	 The SPs of the thoracic spine are easily palpable (the word 
spine means thorn [i.e., a pointy projection]).

5.	 The vertebral body costal hemifacets for a rib (i.e., for the 
costovertebral joint) are labeled at the T8-T9 level. They are 
located on two contiguous vertebral bodies and span across 
the disc that is located between.

6.	 The transverse costal facet for a rib (i.e., for the 
costotransverse joint) is labeled at the T8 level.

7.	 The gradual increase in size of the thoracic vertebral bodies 
from T1 to T12 can be seen.
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FIGURE 4-26 
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THORACIC SPINE—POSTERIOR VIEW

NOTES
1.	 The differences in spinous processes (SPs) from T1 to T12 can 

be seen.
2.	 The SP of T6 and the transverse process (TP) of T7 are 

labeled, illustrating the relative location of a vertebral TP 
relative to the more palpable SP of the vertebra above. When 
palpating the thoracic spine (especially the midthoracic spine), 
the downward slope of the SPs should be kept in mind.

3.	 The TPs of the spine project laterally into the transverse 
plane, hence their name.

4.	 The crooked SP of T7 of this specimen can be seen; bones of 
the body often have slight asymmetries such as this. A 
flexible understanding of the shapes of bones is important; 
otherwise the crooked SP of T7 in this case could be 
interpreted as a rotated vertebra when in fact it is not.
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FIGURE 4-27  A, Superior view. B, Inferior view. C, Anterior view. 
D, Posterior view.
1	 Body
2	 Pedicle
3	 Superior articular process/facet
4	 Inferior articular process/facet
5	 Transverse process (TP)
6	 Lamina
7	 Spinous process (SP)
8	 Vertebral foramen
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T5 (TYPICAL THORACIC VERTEBRA)

NOTES
1.	 The pedicle of a vertebra is the structure that connects 

the body to the rest of the structures of the vertebra. If 
one looks at the superior or inferior view of a vertebra 
such that the body is at the bottom of the page, the 
pedicles may be viewed as the feet (ped means foot) of a 
statue that is standing on its base or pedestal (the body 
of the vertebra being analogous to the base or pedestal 
of the statue).

2.	 The articular process is the entire structural landmark that 
projects outward from the bone; the articular facet is the 
smooth articular surface located on the articular process.

3.	 The laminae (singular: lamina) may be viewed as 
laminating together to form the spinous process (SP) of a 
vertebra.

4.	 Plural of foramen is foramina.
5.	 The vertebral foramina of the spinal column create the 

spinal canal, though which the spinal cord runs.
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FIGURE 4-27  E, Right lateral view. F, Posterior oblique view; and
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FIGURE 4-28 
1	 Body
2	 Pedicle
3	 Superior articular process/facet
4	 Inferior articular process/facet
5	 Transverse process (TP)
6	 Lamina
7	 Spinous process (SP)
8	 Superior costal hemifacet
9	 Inferior costal hemifacet

10	 Transverse costal facet
11	 Intervertebral foramen
12	 Inferior vertebral notch
13	 Superior vertebral notch
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T5 (CONTINUED) AND THORACIC ENDPLATES

NOTES
1.	 The superior and inferior costal hemifacets on the bodies are the 

vertebral articular surfaces for the costovertebral joint; the 
transverse costal facet on the transverse process (TP) is the 
vertebral articular surface for the costotransverse joint.

2.	 The lateral view of a thoracic vertebra is ideal for visualizing the 
intervertebral foramen, which is formed by the inferior vertebral 
notch of the superior vertebra (see #12) juxtaposed next to the 
superior vertebral notch of the inferior vertebra (see #13).

3.	 Figure 4-28 shows a superior view of all twelve thoracic 
vertebrae (thoracic endplate view). A gradual change in the 
shape of the thoracic vertebrae is seen from superior to inferior. 
Specifically, the change in the shape of the spinous processes 
(SPs) and bodies can be seen.

4.	 Costal hemifacets on the bodies of thoracic vertebrae usually 
create the articular surface for the costovertebral joints of ribs #2 
through #10. Usually, T1, T11, and T12 have full facets for ribs 
#1, #11, and #12, respectively (see Figure 4-25).
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FIGURE 4-29 
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LUMBAR SPINE—RIGHT LATERAL VIEW

NOTES
1.	 Note the lordotic (concave posteriorly) curve of the lumbar 

spine (indicated by the line drawn anterior to the lumbar 
spine).

2.	 The lateral view of the lumbar spine demonstrates the 
intervertebral foramina (the right L4-L5 intervertebral 
foramen is labeled). The intervertebral foramen is where the 
spinal nerve enters/exits the spinal cord.

3.	 Note the large blunt quadrate-shaped lumbar spinous 
processes.

4.	 The spinous processes of the lumbar spine may be difficult 
to palpate depending on the degree of the client’s lordotic 
curve.

5.	 The disc joint spaces are well visualized in the lateral view.
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FIGURE 4-30 
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LUMBAR SPINE—POSTERIOR VIEW

NOTES
1.	 The facet joints of the lumbar spine are well visualized in the 

posterior view because they are oriented in the sagittal plane.
2.	 The lumbosacral (L5-S1) facet joints change their orientation; 

they are oriented more toward the frontal plane than are the 
other lumbar facet joints.

3.	 The prominence of the mamillary processes of the lumbar spine 
can be seen.
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FIGURE 4-31  A, Superior view. B, Inferior view. C, Anterior view. 
D, Posterior view.
1	 Body
2	 Pedicle
3	 Superior articular process/facet
4	 Mamillary process
5	 Inferior articular process/facet
6	 Transverse process (TP)
7	 Accessory process
8	 Lamina
9	 Spinous process (SP)

10	 Vertebral foramen
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L3 (TYPICAL LUMBAR VERTEBRA)

NOTES
1.	 The bodies of lumbar vertebrae are very large because 

they need to bear all the body weight from above.
2.	 The articular process is the entire structural landmark that 

projects outward from the bone; the articular facet is the 
smooth articular surface located on the articular process.

3.	 Lumbar vertebrae are unique in that they possess two 
additional landmarks, mamillary, and accessory processes. 
The mamillary process is located on the superior articular 
process; the accessory process is located on the transverse 
process.

4.	 Plural of foramen is foramina.
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FIGURE 4-31  E, Right lateral view. F, Anterior oblique view; and
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FIGURE 4-32 
1	 Body
2	 Pedicle
3	 Superior articular process/facet
4	 Mamillary process
5	 Inferior articular process/facet
6	 Transverse process (TP)
7	 Accessory process
8	 Lamina
9	 Spinous process (SP)

10	 Intervertebral foramen
11	 Inferior vertebral notch
12	 Superior vertebral notch
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L3 (CONTINUED) AND LUMBAR ENDPLATES

NOTES
1.	 Lumbar vertebrae possess large, blunt, quadrate-shaped 

spinous processes (SPs), as evident in the lateral view.
2.	 Figure 4-32 shows a superior view of all five lumbar 

vertebrae (lumbar endplate view). The transition in shape 
from superior to inferior can be seen.
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FIGURE 4-33  A, Posterior view. B, Anterior view.
1	 Median sacral crest
2	 Tubercles along the median sacral crest
3	 Intermediate sacral crest
4	 Lateral sacral crest
5	 Superior articular process/facet
6	 Ala (wing)
7	 Auricular surface (articular surface for ilium)
8	 Third posterior foramen
9	 Sacral hiatus

10	 Sacral cornu
11	 Apex
12	 First coccygeal element
13	 Coccygeal transverse process (TP)
14	 Second to fourth coccygeal elements (fused)
15	 Sacral base
16	 Sacral promontory
17	 First anterior foramen
18	 Fusion of second and third sacral vertebrae
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NOTES
1.	 The sacrum is formed by the fusion of five sacral 

vertebrae.
2.	 The sacrum is shaped like an upside-down triangle. The 

sacral base is located superiorly; the sacral apex is located 
inferiorly.

3.	 The medial crest is the fusion of the sacral spinous 
processes (SPs); the intermediate crest is the fusion of the 
articular processes; the lateral crest is the fusion of the 
transverse processes (TPs).

4.	 The median sacral crest often has projections (remnants of 
SPs) that are called sacral tubercles. This specimen has 
prominent first (asymmetric) and third sacral tubercles.

5.	 The superior articular processes of the sacrum articulate 
with the inferior articular processes of L5 (forming the 
lumbosacral [L5-S1] facet joints).

6.	 The sacral ala is the winglike superolateral aspect of the 
sacrum (ala means wing).

7.	 Four pairs of posterior and four pairs of anterior sacral 
foramina exist where sacral spinal nerves enter/exit the 
spinal canal.

8.	 The sacral hiatus is the inferior opening of the sacral 
canal.

9.	 The coccyx is usually composed of four rudimentary 
vertebrae; however, the number may vary from two to 
five. Some sources state that the coccyx is the 
evolutionary remnant of a tail.
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FIGURE 4-33  C, Right lateral view. D, Superior view.
1	 Base
2	 Promontory
3	 Superior articular process
4	 Auricular surface (articular surface for ilium)
5	 First posterior foramen
6	 (Tubercles of) median sacral crest
7	 Cornu
8	 Apex
9	 First coccygeal element

10	 Second to fourth coccygeal elements
11	 Ala (wing)
12	 Sacral canal
13	 Lateral sacral crest
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SACROCOCCYGEAL SPINE (CONTINUED)

NOTES
1.	 The kyphotic (i.e., concave anteriorly) curve of the 

sacrococcygeal spine is indicated by the line drawn 
anterior to the sacrococcygeal spine.

2.	 The body of L5 sits on the base of the sacrum, forming 
the lumbosacral (L5-S1) disc joint.

3.	 The sacral promontory is the portion of the base of the 
sacrum that projects anteriorly.

4.	 The cauda equina of nerves from the spinal cord travels 
through the sacral canal.
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4.3  BONES OF THE RIBCAGE AND STERNUM

RIBCAGE—ANTERIOR VIEW

FIGURE 4-34 
1	 Clavicle
2	 Acromion process
3	 Coracoid process
4	 Glenoid fossa
5	 Subscapular fossa
6	 First rib
7	 Cartilage of first rib
8	 Sternal notch
9	 Manubrium of sternum

10	 Sternal angle
11	 Body of sternum
12	 Xiphoid process of sternum
13	 Fifth rib
14	 Cartilage of fifth rib
15	 Tenth rib
16	 Eleventh rib
17	 Twelfth rib
18	 Clavicular notch of the manubrium
19	 Notch for first costal cartilage
20	 Notch for second costal cartilage
21	 Notch for third costal cartilage
22	 Notch for fourth costal cartilage
23	 Notch for fifth costal cartilage
24	 Notch for sixth costal cartilage
25	 Notch for seventh costal cartilage
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NOTES
1.	 The sternal notch is also known as the jugular notch.
2.	 The lateral border of the sternal notch is a good landmark 

to palpate movement of the sternoclavicular (SC) joint.
3.	 The sternal angle is also known as the angle of Louis and 

is the joint between the manubrium and body of the 
sternum. It is located at the junction of the second costal 
cartilage with the sternum and is often palpable.

4.	 The xiphoid process remains cartilaginous long into life 
and is also a landmark used to locate the proper location 
to administer cardiopulmonary resuscitation (CPR).

5.	 The ribcage is composed of 12 pairs of ribs. Of these, the 
first seven pairs (#1-7) are called true ribs, because their 
costal cartilages articulate directly with the sternum. The 
last five pairs (#8-12) of ribs are called false ribs, because 
they do not articulate directly to the sternum; pairs #8-10 
have their cartilage join the costal cartilage of rib #7, and 
ribs #11 and #12 do not articulate with the sternum at 
all. Because the last two pairs of false ribs do not attach 
to the sternum at all, they are called floating ribs.

6.	 The attachment of a rib to the sternum via its costal 
cartilage is called a sternocostal joint.

7.	 The sternums in A and B are not the same. The 
differences in the shape of the manubrium and body of 
these two specimens can be seen.
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RIBCAGE—RIGHT LATERAL VIEW

FIGURE 4-35 
1	 Clavicle

Scapula (#2-7):
2	 Acromion process
3	 Coracoid process
4	 Glenoid fossa
5	 Superior angle
6	 Spine of scapula
7	 Inferior angle
8	 First rib
9	 Cartilage of first rib

10	 First intercostal space
11	 Fifth rib
12	 Fifth intercostal space
13	 Sixth rib
14	 Tenth rib
15	 Eleventh rib
16	 Twelfth rib
17	 Vertebral spinous processes (SPs)
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NOTES
1.	 The ribs articulate with the spine posteriorly and the 

sternum anteriorly (except for the floating ribs [#11 and 
#12], which do not articulate with the sternum).

2.	 Eleven intercostal spaces are located between ribs. They 
are named for the rib that is located superior to the 
space.

3.	 The intercostal spaces contain intercostal muscles that 
often become tight in people with chronic obstructive 
pulmonary disorders (COPD) such as asthma, emphysema, 
and chronic bronchitis.

4.	 The lateral view of the thorax nicely demonstrates the 
plane of the scapula, which lies neither perfectly in the 
sagittal nor in the frontal plane.
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COSTOSPINAL JOINTS

FIGURE 4-36  A, Superior view. B, Right lateral view.
1	 Costovertebral joint
2	 Costotransverse joint
3	 Head of rib
4	 Neck of rib
5	 Tubercle of rib
6	 Angle of rib
7	 Body of rib
8	 Vertebral body
9	 Transverse process (TP)

10	 Pedicle
11	 Superior articular process/facet
12	 Spinous process (SP)
13	 Disc space (T4-T5)
14	 Intervertebral foramen (T4-T5)
15	 Costal hemifacet for rib #4
16	 Transverse costal facet for rib #4
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NOTES
1.	 A rib articulates with the spinal column in two places, 

forming two costospinal joints, the costovertebral joint 
and the costotransverse joint.

2.	 The costovertebral joint is typically formed by the head of 
the rib articulating with the (vertebral costal hemifacets  
of the) bodies of two contiguous vertebrae, as well as the 
disc that is located between them. Usually ribs #1, #11, 
and #12 articulate with only one (full vertebral costal 
facet of a) vertebral body.

3.	 The costotransverse joint is formed by the tubercle of a rib 
articulating with the (transverse costal facet of the) 
transverse process of a vertebra.
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FIGURE 4-37  A, Posterior view. B, Medial view. C, Superior view.
1	 Head
2	 Neck
3	 Tubercle
4	 Angle
5	 Body
6	 Anterior end
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NOTES
1.	 The head of the rib articulates with the vertebral body (or 

bodies) to form the costovertebral joint.
2.	 The tubercle of the rib articulates with the vertebral 

transverse process (TP) to form the costotransverse joint.
3.	 The anterior end of the rib meets the sternum via costal 

cartilage.
4.	 The first seven pairs of ribs (#1-7) are called true ribs.
5.	 The last five pairs of ribs (#8-12) are called false ribs.
6.	 The last two pairs of false ribs (#11-12) are called floating 

ribs.

RIGHT RIBS
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4.4  ENTIRE LOWER EXTREMITY

FIGURE 4-38  A, Anterior view. B, Right lateral view.
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NOTE
The femur is in the thigh; the tibia and fibula are in the leg; 
and the tarsals, metatarsals, and phalanges are in the foot.
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4.5  BONES OF THE PELVIS AND HIP JOINT

FULL PELVIS

NOTES
1.	 On the pelvis, either proximal/distal or superior/inferior 

terminology can be used.
2.	 There are two sacroiliac (SI) joints, paired left and right. 

There is one pubic symphysis joint.

FIGURE 4-39  A, Anterior view. B, Posterior view. C, Superior view.
1	 Right pelvic bone
2	 Left pelvic bone
3	 Sacrum
4	 Coccyx
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RIGHT PELVIC BONE—ANTERIOR VIEWS

NOTE
The articular surface of the ilium for the sacroiliac joint is also 
known as the auricular surface because it has the shape of an 
ear (auricle means ear).
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FIGURE 4-40 
1	 Wing of the ilium (iliac fossa on internal surface)
2	 Iliac crest
3	 Posterior superior iliac spine (PSIS)
4	 Articular surface for sacroiliac joint
5	 Posterior inferior iliac spine (PIIS)
6	 Superior ramus of pubis
7	 Pectineal line of pubis
8	 Pubic crest
9	 Pubic tubercle

10	 Body of pubis
11	 Articular surface for pubic symphysis
12	 Inferior ramus of pubis
13	 Ramus of ischium
14	 Ischial tuberosity
15	 Body of ischium
16	 Obturator foramen
17	 Acetabulum
18	 Rim of acetabulum
19	 Body of ilium
20	 Anterior inferior iliac spine (AIIS)
21	 Anterior superior iliac spine (ASIS)
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NOTE
The obturator internus and obturator externus muscles are 
named for their attachment relative to the obturator foramen.
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FIGURE 4-41 
1	 Wing of the ilium (iliac fossa on internal surface)
2	 Iliac crest
3	 Anterior superior iliac spine (ASIS)
4	 Rim of acetabulum
5	 Ischial spine
6	 Body of ischium
7	 Ischial tuberosity
8	 Ramus of ischium
9	 Inferior ramus of pubis

10	 Body of pubis
11	 Superior ramus of pubis
12	 Pectineal line of pubis
13	 Obturator foramen
14	 Body of ilium
15	 Posterior inferior iliac spine (PIIS)
16	 Posterior superior iliac spine (PSIS)
17	 Inferior gluteal line (dashed line)
18	 Anterior gluteal line (dashed line)
19	 Posterior gluteal line (dashed line)
20	 Greater sciatic notch
21	 Lesser sciatic notch

RIGHT PELVIC BONE—POSTERIOR VIEWS
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NOTES
1.	 The pelvic bone is also known as the coxal, hip, or 

innominate bone.
2.	 The pelvic bone is formed by the union of the ilium, 

ischium, and pubis (see colored shading: the ilium is blue, 
the ischium is pink, and the pubis is yellow).

3.	 All three bones of the pelvis (ilium, ischium, and pubis) 
come together in the acetabulum.

4.	 The ramus of the ischium (#11) and inferior ramus of the 
pubis (#12) are often grouped together and called the 
ischiopubic ramus.
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FIGURE 4-42 
1	 Wing of the ilium (external/gluteal surface)
2	 Iliac crest
3	 Tubercle of the iliac crest
4	 Posterior superior iliac spine (PSIS)
5	 Posterior inferior iliac spine (PIIS)
6	 Greater sciatic notch
7	 Ischial spine
8	 Lesser sciatic notch
9	 Body of ischium

10	 Ischial tuberosity
11	 Ramus of ischium
12	 Inferior ramus of pubis
13	 Body of pubis
14	 Obturator foramen
15	 Acetabulum
16	 Rim of acetabulum
17	 Notch of acetabulum
18	 Body of ilium
19	 Anterior inferior iliac spine (AIIS)
20	 Anterior superior iliac spine (ASIS)
21	 Inferior gluteal line (dashed line)
22	 Anterior gluteal line (dashed line)
23	 Posterior gluteal line (dashed line)

RIGHT PELVIC BONE—LATERAL VIEWS
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NOTE
The iliopectineal line is located on the ilium and pubis.
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FIGURE 4-43 
1	 Wing of the ilium (iliac fossa on internal 

surface)
2	 Iliac crest
3	 Posterior superior iliac spine (PSIS)
4	 Iliac tuberosity
5	 Articular surface of ilium for sacroiliac joint
6	 Posterior inferior iliac spine (PIIS)
7	 Greater sciatic notch
8	 Ischial spine
9	 Lesser sciatic notch

10	 Body of ischium
11	 Ischial tuberosity
12	 Ramus of ischium
13	 Inferior ramus of pubis
14	 Articular surface of pubis for pubis symphysis
15	 Pubic tubercle
16	 Superior ramus of pubis
17	 Pectineal line of pubis
18	 Body of pubis
19	 Iliopectineal line
20	 Arcuate line of the ilium
21	 Obturator foramen
22	 Body of ilium
23	 Anterior inferior iliac spine (AIIS)
24	 Anterior superior iliac spine (ASIS)

RIGHT PELVIC BONE—MEDIAL VIEWS
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4.6  BONES OF THE THIGH AND KNEE JOINT

RIGHT FEMUR—ANTERIOR AND POSTERIOR VIEWS

NOTES
1.	 The fovea of the head of the femur is the attachment site 

for the ligamentum teres of the hip joint.
2.	 The intertrochanteric line runs between the greater and 

lesser trochanters anteriorly; the intertrochanteric crest  
runs between the greater and lesser trochanters  
posteriorly.

3.	 The linea aspera is an attachment site for seven muscles. 
The linea aspera can be looked at as branching proximally 
to give rise to the gluteal tuberosity and pectineal line, and 

branching distally to give rise to the lateral and medial 
supracondylar lines.

4.	 The gluteal tuberosity is a distal attachment of the gluteus 
maximus.

5.	 The pectineal line is the distal attachment of the pectineus.
6.	 The adductor tubercle is a distal attachment site for the 

adductor magnus.
7.	 The borders of the lateral and medial condyles are shown 

by dashed lines.

FIGURE 4-44 
1	 Head
2	 Fovea of the head
3	 Neck
4	 Greater trochanter
5	 Lesser trochanter
6	 Intertrochanteric line
7	 Intertrochanteric crest
8	 Gluteal tuberosity
9	 Pectineal line

10	 Lateral lip of linea aspera
11	 Medial lip of linea aspera
12	 Body (shaft)
13	 Lateral supracondylar line
14	 Medial supracondylar line
15	 Popliteal surface
16	 Lateral condyle
17	 Lateral epicondyle
18	 Medial condyle
19	 Medial epicondyle
20	 Adductor tubercle
21	 Articular surface for 

patellofemoral joint
22	 Intercondylar fossa
23	 Articular surface for knee 

(tibiofemoral) joint
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NOTES
1.	 The shaft of the femur, when viewed from the lateral or 

medial perspective, is not purely vertical; rather a bow to 
the shaft exists.

2.	 The pectineal line of the femur should not be confused 
with the pectineal line of the pubis (they are the distal 
and proximal attachments of the pectineus).

3.	 The femoral condyles articulate with the tibia, forming the 
knee (i.e., tibiofemoral) joint. The epicondyles are the 
most prominent points on the condyles.

FIGURE 4-45  A, Lateral view. B, Medial view.
1	 Head
2	 Fovea of the head
3	 Neck
4	 Greater trochanter
5	 Lesser trochanter
6	 Intertrochanteric line
7	 Intertrochanteric crest
8	 Trochanteric fossa
9	 Pectineal line

10	 Body (shaft)
11	 Lateral condyle
12	 Lateral epicondyle
13	 Groove for popliteus tendon
14	 Medial condyle
15	 Medial epicondyle
16	 Adductor tubercle
17	 Impression for lateral gastrocnemius
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NOTES
1.	 The neck of the femur deviates anteriorly (usually 

approximately 15 degrees) from the greater trochanter to 
the head. (See proximal view.)

2.	 The lesser trochanter is medial, and it projects somewhat 
posteriorly as well.

3.	 From a distal perspective, it is clear that the two condyles 
of the distal femur are distinct from each other. For this 
reason, some speak of the knee (i.e., tibiofemoral) joint as 
having two aspects: a medial tibiofemoral joint and a 
lateral tibiofemoral joint.
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RIGHT FEMUR—PROXIMAL AND DISTAL VIEWS

FIGURE 4-46  A, Proximal (superior) view. B, Distal (inferior) view.
1	 Head
2	 Fovea of the head
3	 Neck
4	 Greater trochanter
5	 Lesser trochanter
6	 Intertrochanteric crest
7	 Trochanteric fossa
8	 Body (shaft), anterior surface
9	 Lateral condyle

10	 Medial condyle
11	 Lateral epicondyle
12	 Medial epicondyle
13	 Articular surface for patellofemoral joint
14	 Articular surface for knee (tibiofemoral) joint
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NOTES
1.	 The lateral facet of the posterior patella is larger than the 

medial facet.
2.	 The articular surfaces of the lateral and medial facets do 

not extend to the apex of the patella.

FIGURE 4-47  A, Anterior view. B, Lateral view. C, Anterior view. 
D, Proximal (superior) view. E, Posterior view.
1	 Base
2	 Apex
3	 Facet for lateral condyle of femur
4	 Facet for medial condyle of femur
5	 Vertical ridge
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4.7  BONES OF THE LEG AND ANKLE JOINT

RIGHT TIBIA/FIBULA—ANTERIOR AND PROXIMAL VIEWS

NOTES
1.	 The entire proximal surface of the tibia is often referred to 

as the tibial plateau.
2.	 The impression on the tibia for the iliotibial tract is often 

referred to as Gerdy ’s tubercle.
3.	 The body (i.e., shaft) of the tibia has three borders: 

anterior (the crest), medial, and interosseus.
4.	 The anterior intercondylar area of the tibia is the 

attachment site of the anterior cruciate ligament; the 
posterior intercondylar area of the tibia is the attachment 
site of the posterior cruciate ligament.

5.	 At the knee joint, the lateral facet of the tibia accepts the 
lateral condyle of the femur, forming the lateral 
tibiofemoral joint of the knee joint; the medial facet of the 
tibia accepts the medial condyle of the femur, forming the 
medial tibiofemoral joint of the knee joint.

FIGURE 4-48  A, Anterior view. B, Proximal view.

Tibial landmarks:
1	 Lateral condyle
2	 Medial condyle
3	 Intercondylar eminence
4	 Lateral tubercle of intercondylar eminence
5	 Medial tubercle of intercondylar eminence
6	 Anterior intercondylar area
7	 Posterior intercondylar area
8	 Lateral facet (articular surface for knee [i.e., tibiofemoral] 

joint)
9	 Medial facet (articular surface for knee [i.e., tibiofemoral] 

joint)
10	 Tuberosity
11	 Impression for iliotibial tract
12	 Crest (i.e., anterior border)
13	 Interosseus border
14	 Medial border
15	 Body (shaft)
16	 Medial malleolus
17	 Articular surface for ankle joint

Fibular landmarks:
18	 Head
19	 Neck
20	 Interosseus border
21	 Body (shaft)
22	 Lateral malleolus
23	 Articular surface for ankle joint
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RIGHT TIBIA/FIBULA—POSTERIOR AND DISTAL VIEWS

NOTES
1.	 The apex of the fibular head is also known as the styloid 

process of the fibula.
2.	 The soleal line of the tibia is part of the proximal 

attachment of the soleus muscle.
3.	 The groove for the fibularis brevis is created by the distal 

tendon of the fibularis brevis muscle as it passes posterior 
to the lateral malleolus to enter the foot.

4.	 The lateral malleolus of the fibula extends further distally 
than the medial malleolus of the tibia. This configuration 
results in a range of motion of the foot that involves less 
eversion than inversion.

FIGURE 4-49 
Tibial landmarks:
1	 Lateral condyle
2	 Medial condyle
3	 Intercondylar eminence
4	 Lateral facet (articular surface for knee [i.e., tibiofemoral] 

joint)
5	 Medial facet (articular surface for knee [i.e., tibiofemoral] 

joint)
6	 Posterior intercondylar area
7	 Groove for semimembranosus muscle
8	 Interosseus border
9	 Medial border

10	 Soleal line
11	 Body (shaft)
12	 Medial malleolus
13	 Groove for tibialis posterior
14	 Articular surfaces for ankle joint
15	 Tuberosity

Fibular landmarks:
16	 Head
17	 Apex of head
18	 Neck
19	 Body (shaft)
20	 Lateral surface
21	 Lateral malleolus
22	 Groove for fibularis brevis muscle
23	 Articular surface for ankle joint
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RIGHT TIBIA/FIBULA—LATERAL VIEWS

FIGURE 4-50  A, Lateral view of the tibia and 
fibula articulated. B, Lateral view of just the tibia.

Tibial landmarks:
1	 Lateral condyle
2	 Medial condyle
3	 Intercondylar eminence
4	 Articular facet for proximal tibiofibular joint
5	 Tuberosity
6	 Interosseus border
7	 Body (shaft)
8	 Fibular notch
9	 Medial malleolus

Fibular landmarks:
10	 Head
11	 Apex of head
12	 Neck
13	 Body (shaft)
14	 Triangular subcutaneous area
15	 Lateral malleolusA
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NOTES
1.	 The interosseus border on the lateral tibia is the site of 

attachment for the interosseus membrane of the leg.
2.	 The triangular subcutaneous area is a triangular area of the 

distal lateral shaft of the fibula that is palpable through the 
skin.

3.	 The articular facet for the proximal tibiofemoral joint on the 
lateral proximal tibia accepts the head of the fibula.

4.	 The fibular notch on the lateral distal tibia accepts the 
distal fibula, forming the distal tibiofibular joint.
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RIGHT TIBIA/FIBULA—MEDIAL VIEWS

NOTES
1.	 The interosseus border on the medial fibula is the site of 

attachment for the interosseus membrane of the leg.
2.	 The medial view of the tibia demonstrates the groove for 

the semimembranosus muscle proximally and the groove 
for the tibialis posterior muscle distally.

FIGURE 4-51  A, Medial view of the tibia and fibula articulated. 
B, Medial view of just the fibula.

Tibial landmarks:
1	 Medial condyle
2	 Intercondylar eminence
3	 Groove for semimembranosus muscle
4	 Tuberosity
5	 Body (shaft)
6	 Medial malleolus
7	 Groove for tibialis posterior muscle

Fibular landmarks:
8	 Head
9	 Apex of head

10	 Articular surface for proximal tibiofibular joint
11	 Neck
12	 Interosseus border
13	 Body (shaft)
14	 Lateral malleolus
15	 Articular surface for ankle jointA
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RIGHT ANKLE JOINT

NOTES
1.	 The ankle joint is formed by the talus being held between 

the malleoli of the tibia and fibula. The ankle joint is also 
known as the talocrural joint.

2.	 The subtalar joint is located between the talus and 
calcaneus (i.e., under the talus). The subtalar joint is 
located between tarsal bones; hence it is a tarsal joint.

3.	 The transverse tarsal joint is composed of the 
talonavicular joint and the calcaneocuboid joint.

4.	 The tarsometatarsal joint is located between the 
cuneiforms and cuboid proximally (posteriorly), and the 
metatarsals distally (anteriorly).

FIGURE 4-52  A, Anterior view. B, Lateral view.
1	 Tibia
2	 Fibula
3	 Medial malleolus (of tibia)
4	 Lateral malleolus (of fibula)
5	 Talus
6	 Calcaneus
7	 Navicular
8	 Cuboid
9	 First cuneiform

10	 Second cuneiform
11	 Third cuneiform
12	 First metatarsal
13	 Second metatarsal
14	 Third metatarsal
15	 Fourth metatarsal
16	 Fifth metatarsal
17	 Proximal phalanx of big toe
18	 Distal phalanx of big toe
19	 Proximal phalanx of second toe
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20	 Middle phalanx of second toe
21	 Distal phalanx of second toe
22	 Distal phalanx of third toe
23	 Middle phalanx of fourth toe
24	 Proximal phalanx of little toe (i.e., fifth toe)
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4.8  BONES OF THE FOOT

RIGHT SUBTALAR JOINT

NOTES
1.	 The subtalar joint between the talus and calcaneus is 

composed of three articular surfaces: posterior, middle, 
and anterior. The posterior articulation is formed by the 
posterior facets of each bone; the middle articulation is 
formed by the middle facets of each bone; the anterior 
articulation is formed by the anterior facets of each bone.

2.	 The posterior aspect of the subtalar joint is the largest  
of the three.

3.	 The tarsal sinus is formed by the sulcus of the calcaneus 
and the sulcus of the talus.

4.	 The transverse tarsal joint is formed by the talonavicular 
and calcaneocuboid joints.

FIGURE 4-53  A, Right lateral view. B, Right lateral view, subtalar joint 
open. C, Medial view. D, Subtalar joint, articular surfaces.
1	 Calcaneus (#1-7)
2	 Sustentaculum tali
3	 Calcaneal posterior facet (of subtalar joint)
4	 Calcaneal middle facet (of subtalar joint)
5	 Calcaneal anterior facet (of subtalar joint)
6	 Sulcus (of calcaneus)
7	 Articular surface for calcaneocuboid joint (of transverse 

tarsal joint)
8	 Tarsal sinus
9	 Talus (#9-17)

10	 Articular surface for ankle joint
11	 Neck of talus
12	 Head of talus
13	 Talar posterior facet (of subtalar joint)
14	 Talar middle facet (of subtalar joint)
15	 Talar anterior facet (of subtalar joint)
16	 Sulcus (of talus)
17	 Articular surface for talonavicular joint (of transverse tarsal 

joint)
18	 Talonavicular joint (of transverse tarsal joint)
19	 Calcaneocuboid joint (of transverse tarsal joint)

Lateral view Lateral view, subtalar joint open
 

Medial view Subtalar joint, articular surfaces
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RIGHT FOOT—DORSAL VIEW

NOTES
1.	 The word phalanx is singular only; plural of phalanx is 

phalanges.
2.	 The articular surface of the talus for the ankle joint is 

called the trochlea of the talus.
3.	 The first, second, and third cuneiforms are also known as 

the medial, intermediate, and lateral cuneiforms, 
respectively.

4.	 The first cuneiform articulates with the first metatarsal; 
the second cuneiform articulates with the second 
metatarsal; the third cuneiform articulates with the third 
metatarsal; and the cuboid articulates with the fourth and 
fifth metatarsals.

5.	 All metatarsals and phalanges have a base proximally, a 
body (i.e., shaft) in the middle, and a head distally.

6.	 The middle and distal phalanges of the little toe in this 
specimen have fused together.

FIGURE 4-54 
1	 Calcaneus
2	 Fibular trochlea of calcaneus
3	 Articular surface of talus for ankle joint
4	 Medial tubercle of talus
5	 Lateral tubercle of talus
6	 Neck of talus
7	 Head of talus
8	 Navicular
9	 Navicular tuberosity

10	 Cuboid
11	 Groove for fibularis longus
12	 First cuneiform
13	 Second cuneiform
14	 Third cuneiform
15	 Base of first metatarsal
16	 Body (shaft) of first metatarsal
17	 Head of first metatarsal
18	 Tuberosity of base of fifth metatarsal
19	 Base of fifth metatarsal
20	 Body (shaft) of fifth metatarsal
21	 Head of fifth metatarsal
22	 Sesamoid bone of big toe
23	 Proximal phalanx of big toe
24	 Distal phalanx of big toe
25	 Base of proximal phalanx of second toe
26	 Body (shaft) of proximal phalanx of second toe
27	 Head of proximal phalanx of second toe
28	 Middle phalanx of third toe
29	 Distal phalanx of fourth toe

M
e
d
i
a
l

L
a
t
e
r
a
l

Anterior
(distal)

Posterior
(proximal)

1

2 
3

4 

5 

6 

7

8

9 

10

11 

14
13

12 

15

16

17

22 

23

24

25

26

27 28 29

21

20

19

18



127PART II  Skeletal Osteology: Study of the Bones

RIGHT FOOT—PLANTAR VIEW

NOTES
1.	 On the calcaneal tuberosity, the medial process is much 

larger than the lateral process.
2.	 The base of the fifth metatarsal bone has a large palpable 

tuberosity.
3.	 The big toe usually has two sesamoid bones.
4.	 The groove for the distal tendon of the fibularis longus 

tendon is clearly visible on the plantar surface of the 
cuboid, demonstrating its passage deep in the plantar 
foot.

5.	 The middle and distal phalanges of the little toe have 
fused together in this specimen.

FIGURE 4-55 
1	 Calcaneus
2	 Medial process of calcaneal tuberosity
3	 Lateral process of calcaneal tuberosity
4	 Sustentaculum tali of calcaneus
5	 Groove for distal tendon of flexor hallucis longus muscle (on 

sustentaculum tali)
6	 Anterior tubercle of calcaneus
7	 Head of talus
8	 Navicular
9	 Navicular tuberosity

10	 Cuboid
11	 Tuberosity of cuboid
12	 Groove for distal tendon of fibularis longus muscle
13	 First cuneiform
14	 Second cuneiform
15	 Third cuneiform
16	 Tuberosity of base of fifth metatarsal
17	 Base of fifth metatarsal
18	 Body (shaft) of fifth metatarsal
19	 Head of fifth metatarsal
20	 Sesamoid bone of big toe
21	 Proximal phalanx of big toe
22	 Distal phalanx of big toe
23	 Base of proximal phalanx of second toe
24	 Body (shaft) of proximal phalanx of second toe
25	 Head of proximal phalanx of second toe
26	 Middle phalanx of third toe
27	 Distal phalanx of fourth toe
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4.9  ENTIRE UPPER EXTREMITY

RIGHT UPPER EXTREMITY

NOTES
1.	 The upper extremity is composed of the bones of the 

shoulder girdle, arm, forearm, and hand.
2.	 The shoulder girdle is composed of the scapula and clavicle, 

and the arm contains the humerus.

3.	 The forearm contains the radius, which is lateral, and the 
ulna, which is medial.

4.	 The hand contains eight carpals, five metacarpals, and 14 
phalanges.

Anterior view Posterior view

Clavicle

Scapula

Humerus

Ulna

Radius

Carpals

Metacarpals

Phalanges

A B

FIGURE 4-58  A, Anterior view. B, Posterior view.



131PART II  Skeletal Osteology: Study of the Bones

4.10  BONES OF THE SHOULDER GIRDLE AND SHOULDER JOINT

RIGHT SHOULDER JOINT

NOTES
1.	 The shoulder joint is formed by the head of the humerus 

articulating with the glenoid fossa of the humerus. It is also 
known as the glenohumeral joint.

2.	 Even though the glenohumeral joint is a ball-and-socket 
joint, the glenoid fossa (i.e., the socket) is shallow.

3.	 The acromioclavicular (AC) joint is formed by the acromion 
process of the scapula articulating with the lateral end of 
the clavicle.
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FIGURE 4-59  A, Anterior view. B, Posterior view.
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NOTES
1.	 A is a pure posterior view of the scapula as it sits on the 

body; B is a view of the dorsal surface of the scapula 
itself. The difference in these two perspectives can be 
seen.

2.	 The medial border is also known as the vertebral border.
3.	 The lateral border is also known as the axillary border.
4.	 The supraspinous and infraspinous fossae are proximal 

attachment sites of the supraspinatus and infraspinatus 
muscles.

5.	 The infraglenoid tubercle and the suprascapular notch are 
not well developed on this scapula and therefore not well 
visualized.
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RIGHT SCAPULA—POSTERIOR AND DORSAL VIEWS

FIGURE 4-60  A, Posterior view. B, Dorsal view.
1	 Acromion process
2	 Acromial angle
3	 Glenoid fossa
4	 Infraglenoid tubercle
5	 Neck
6	 Lateral border
7	 Inferior angle
8	 Infraspinous fossa
9	 Medial border

10	 Root of the spine
11	 Spine
12	 Supraspinous fossa
13	 Superior angle
14	 Superior border
15	 Suprascapular notch
16	 Coracoid process
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NOTES
1.	 A is a pure anterior view of the scapula as it sits on the 

body; B is a view of the subscapular (i.e., costal) surface 
of the scapula itself. The differences in these two 
perspectives can be seen.

2.	 The coracoid process projects anteriorly; it also points 
laterally.

3.	 The subscapular fossa is the proximal attachment site  
of the subscapularis muscle.

4.	 The supraglenoid tubercle is not well developed on this 
scapula and therefore not well visualized.
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RIGHT SCAPULA—ANTERIOR AND SUBSCAPULAR VIEWS

FIGURE 4-61  A, Anterior view. B, Subscapular view.
1	 Acromion process
2	 Apex of coracoid process
3	 Base of coracoid process
4	 Suprascapular notch
5	 Superior border
6	 Superior angle
7	 Medial border
8	 Inferior angle
9	 Lateral border

10	 Infraglenoid tubercle
11	 Glenoid fossa
12	 Supraglenoid tubercle
13	 Neck
14	 Subscapular fossa
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NOTES
1.	 The supraglenoid tubercle is the proximal attachment site 

of the long head of the biceps brachii muscle.
2.	 The infraglenoid tubercle is the proximal attachment site 

of the long head of the triceps brachii muscle.
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RIGHT SCAPULA—LATERAL AND SUPERIOR VIEWS

FIGURE 4-62  A, Lateral view. B, Superior view.
1	 Superior angle
2	 Acromion process
3	 Supraspinous fossa
4	 Apex of coracoid process
5	 Base of coracoid process
6	 Supraglenoid tubercle
7	 Glenoid fossa
8	 Infraglenoid tubercle
9	 Lateral border

10	 Inferior angle
11	 Infraspinous fossa
12	 Medial border
13	 Acromial angle
14	 Spine
15	 Root of the spine
16	 Superior border
17	 Suprascapular notch
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NOTES
1.	 The acromial end is the lateral (distal) end.
2.	 The sternal end is the medial (proximal) end.
3.	 The sternal end of the clavicle is more bulbous, whereas 

the acromial end is flatter.
4.	 The medial 2

3 of the clavicle is convex anteriorly; the 
lateral 1

3  is concave anteriorly.
5.	 The conoid tubercle is the attachment site of the conoid 

ligament of the coracoclavicular ligament.
6.	 The trapezoid line is the attachment site of the trapezoid 

ligament of the coracoclavicular ligament.
7.	 The costal tubercle is the attachment site of the 

costoclavicular ligament.

FIGURE 4-63  A, Superior view. B, Inferior view. C, Anterior view. 
D, Posterior view.
1	 Acromial end
2	 Articular surface for acromioclavicular (AC) joint
3	 Anterior border
4	 Sternal end
5	 Articular surface for sternoclavicular joint
6	 Costal tubercle
7	 Posterior border
8	 Subclavian groove
9	 Conoid tubercle

10	 Trapezoid line
11	 Superior border
12	 Inferior border

Anterior

Posterior

M
e
d
i
a
l

L
a
t
e
r
a
l

Anterior

Posterior

M
e
d
i
a
l

L
a
t
e
r
a
l

Superior

Inferior

M
e
d
i
a
l

L
a
t
e
r
a
l

Superior

Inferior

M
e
d
i
a
l

L
a
t
e
r
a
l

1

3 4

7

1

2 

3
4

5 
6 

7
8

9 

10

11
12

1

4 6 

11
12

1
2 

4

5 

9 
10

9 

A

B

C

D

RIGHT CLAVICLE



136 CHAPTER 4  Bones of the Human Body

4.11  BONES OF THE ARM AND ELBOW JOINT

RIGHT HUMERUS—ANTERIOR AND POSTERIOR VIEWS

NOTES
1.	 Proximally, the anatomic and surgical 

necks are indicated by dashed lines; 
distally, the borders of the lateral and 
medial condyles are indicated by dashed 
lines.

2.	 The radial and coronoid fossae accept the 
head of the radius and the coronoid 
process of the ulna, respectively, when 
the elbow joint is flexed; the olecranon 
fossa accepts the olecranon process of 
the ulna when the elbow joint is 
extended.

3.	 The bicipital groove (so named because 
the biceps brachii long head tendon runs 
through it) is also known as the 
intertubercular groove (so named because 
it is located between the greater and 
lesser tubercles).

4.	 The groove for the radial nerve is also 
known as the spiral groove.

FIGURE 4-64  A, Anterior view. B, Posterior view.
1	 Head
2	 Anatomic neck
3	 Greater tubercle
4	 Lesser tubercle
5	 Bicipital groove
6	 Surgical neck
7	 Deltoid tuberosity
8	 Body (shaft)
9	 Groove for radial nerve

10	 Lateral supracondylar ridge
11	 Medial supracondylar ridge
12	 Lateral condyle
13	 Medial condyle
14	 Lateral epicondyle
15	 Medial epicondyle
16	 Radial fossa
17	 Coronoid fossa
18	 Olecranon fossa
19	 Trochlea
20	 Capitulum
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NOTES
1.	 The anatomic and surgical necks are 

indicated by dashed lines.
2.	 The lateral epicondyle and capitulum are 

landmarks on the lateral condyle; the 
medial epicondyle and trochlea are 
landmarks on the medial condyle.

3.	 The lateral and medial epicondyles are 
the most prominent points on the lateral 
and medial condyles, respectively.

4.	 The medial epicondyle is the attachment 
site of the common flexor tendon of many 
of the anterior forearm muscles; the 
lateral epicondyle is the attachment site 
of the common extensor tendon of many 
of the posterior forearm muscles.

5.	 The deltoid tuberosity is the distal 
attachment site of the deltoid muscle.

FIGURE 4-65  A, Lateral view. B, Medial view.
1	 Head
2	 Anatomic neck
3	 Greater tubercle
4	 Lesser tubercle
5	 Surgical neck
6	 Lateral lip of bicipital groove
7	 Medial lip of bicipital groove
8	 Deltoid tuberosity
9	 Body (shaft)

10	 Lateral supracondylar ridge
11	 Medial supracondylar ridge
12	 Lateral epicondyle
13	 Medial epicondyle
14	 Trochlea
15	 Capitulum
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NOTES
1.	 The anatomic and surgical necks are indicated by dashed 

lines.
2.	 The ulnar nerve runs in a groove that is located between 

the medial epicondyle and trochlea of the humerus (it can 
easily be palpated at this location). The ulnar nerve at this 
site is often referred to as the funny bone.
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RIGHT HUMERUS—PROXIMAL AND DISTAL VIEWS

FIGURE 4-66  A, Proximal (superior) view. B, Distal (inferior) view.
1	 Head
2	 Anatomic neck
3	 Surgical neck
4	 Greater tubercle
5	 Lesser tubercle
6	 Bicipital groove
7	 Lateral epicondyle
8	 Medial epicondyle
9	 Radial fossa

10	 Coronoid fossa
11	 Olecranon fossa
12	 Trochlea
13	 Capitulum
14	 Groove for ulnar nerve
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NOTES
1.	 The elbow joint is composed of the humeroulnar and 

humeroradial joints.
2.	 The major articulation of the elbow joint is the humeroulnar 

joint, where the trochlea of the humerus articulates with 
the trochlear notch of the ulna (see Figure 4-68).

3.	 The humeroradial articulation is not very important 
functionally to movement at the elbow joint; the 

humeroradial articulation is formed between the capitulum 
of the humerus and the head of the radius.

4.	 The proximal radioulnar joint between the head of the 
radius and the radial notch of the ulna is anatomically 
within the same joint capsule as the elbow joint. However, 
functionally it is distinct from the elbow joint.

FIGURE 4-67  A, Anterior view. B, Posterior view.
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4.12  BONES OF THE FOREARM, WRIST JOINT, AND HAND

RIGHT RADIUS/ULNA—ANTERIOR VIEW

NOTES
1.	 The radius and ulna articulate with each other both 

proximally (at the proximal radioulnar joint) and distally 
(at the distal radioulnar joint).

2.	 The interosseous crests of the radius and ulna are the 
attachment sites of the interosseus membrane of the 
forearm (this interosseus membrane uniting the radius and 
ulna creates the middle radioulnar joint).

3.	 The styloid process of the radius projects laterally; the 
styloid process of the ulna projects posteriorly.

FIGURE 4-68 

Landmarks of the radius:
1	 Head
2	 Neck
3	 Tuberosity
4	 Interosseus crest
5	 Styloid process

Landmarks of the ulna:
6	 Olecranon process
7	 Trochlear notch
8	 Coronoid process
9	 Tuberosity

10	 Interosseus crest
11	 Head
12	 Styloid process
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NOTES
1.	 The dorsal tubercle of the radius is also known as Lister ’s 

tubercle.
2.	 The distal tendons of the extensors carpi radialis longus 

and brevis muscles pass between the dorsal tubercle and 
styloid process of the radius.

3.	 The distal tendons of the extensor digitorum, extensor 
indicis, and extensor pollicis longus muscles pass medial 
to the dorsal tubercle of the radius.

4.	 The distal tendon of the extensor carpi ulnaris muscle is 
located within a groove located between the styloid 
process and head of the ulna.

FIGURE 4-69 

Landmarks of the radius:
1	 Head
2	 Neck
3	 Interosseus crest
4	 Dorsal tubercle
5	 Styloid process

Landmarks of the ulna:
6	 Olecranon process
7	 Coronoid process
8	 Supinator crest
9	 Interosseus crest

10	 Head
11	 Styloid process
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FIGURE 4-70  A, Lateral view of the radius and ulna articulated. 
B, Lateral view of just the ulna.

Landmarks of the radius:
1	 Head
2	 Neck
3	 Radial tuberosity
4	 Grooves for the abductor pollicis longus and extensor 

pollicis brevis
5	 Styloid process
6	 Groove for the extensor carpi radialis longus
7	 Groove for the extensor carpi radialis brevis
8	 Dorsal tubercle

Landmarks of the ulna:
9	 Olecranon process

10	 Trochlear notch
11	 Coronoid process
12	 Radial notch
13	 Interosseus crest
14	 Tuberosity
15	 Supinator crest
16	 Head
17	 Styloid process
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NOTES
1.	 The head of the radius articulates with the ulna at 

the radial notch.
2.	 The lateral view of the ulna (B) nicely demonstrates 

the interosseous crest of the ulna.
3.	 The grooves for the abductor pollicis longus and 

extensor pollicis brevis distal tendons are located 
just anterior to the styloid process of the radius.

4.	 The tuberosity of the ulna is not well developed on 
this ulna and therefore is not well visualized.
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NOTES
1.	 The distal end of the ulna articulates with the radius at 

the ulnar notch of the radius.
2.	 The medial view of the radius (B) nicely demonstrates the 

interosseous crest of the radius.

FIGURE 4-71  A, Medial view of the radius and ulna articulated. 
B, Medial view of just the radius.

Landmarks of the radius:
1	 Head
2	 Neck
3	 Tuberosity
4	 Interosseus crest
5	 Ulnar notch
6	 Styloid process

Landmarks of the ulna:
7	 Olecranon process
8	 Trochlear notch
9	 Coronoid process

10	 Tuberosity
11	 Head
12	 Styloid process
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NOTES
1.	 Pronation of the forearm bones causes the bones to cross 

each other from the anterior perspective.
2.	 Pronation and supination of the forearm occur at the 

radioulnar joints and usually involve a mobile radius 
moving around a fixed ulna. The head of the radius 
rotates relative to the ulna, and the distal radius swings 
around the distal ulna (from this anterior perspective, we 
see the posterior surface of the distal radius).

FIGURE 4-72 

Landmarks of the radius:
1	 Head
2	 Neck
3	 Interosseus crest
4	 Dorsal tubercle
5	 Styloid process

Landmarks of the ulna:
6	 Olecranon process
7	 Trochlear notch
8	 Coronoid process
9	 Tuberosity

10	 Interosseus crest
11	 Head
12	 Styloid process
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NOTES
1.	 The head of the radius has a concavity at its proximal end 

to accept the capitulum of the humerus (at the 
humeroradial joint).

2.	 The distal end of the ulna articulates with the radius at the 
ulnar notch of the radius (at the distal radioulnar joint).
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FIGURE 4-73  A, Proximal (superior) view of the radius and 
ulna articulated. B, Distal (inferior) view of the radius and ulna 
articulated.

Landmarks of the radius:
1	 Head
2	 Tuberosity
3	 Distal end of the radius
4	 Articular surface for lunate
5	 Articular surface for scaphoid
6	 Styloid process
7	 Groove for extensor carpi radialis longus tendon
8	 Groove for extensor carpi radialis brevis tendon
9	 Dorsal tubercle

10	 Groove for extensor pollicis longus tendon
11	 Groove for extensor digitorum and extensor indicis tendons
12	 Ulnar notch

RIGHT RADIUS/ULNA—PROXIMAL AND DISTAL VIEWS

Landmarks of the ulna:
13	 Olecranon process
14	 Trochlear notch
15	 Coronoid process
16	 Tuberosity
17	 Distal end of the ulna
18	 Head
19	 Styloid process
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NOTES
1.	 Eight carpal bones are arranged in two rows: proximal 

and distal. The proximal row (radial to ulnar) is composed 
of the scaphoid, lunate, triquetrum, and pisiform; the 
distal row (radial to ulnar) is composed of the trapezium, 
trapezoid, capitate, and hamate.

2.	 A mnemonic can be used to learn the names of the carpal 
bones. From proximal row to distal row (always radial to 
ulnar), it is: Some Lovers Try Positions That They Can’t 
Handle.

3.	 The flexor retinaculum, which forms the ceiling of the 
carpal tunnel, attaches to the tubercles of the scaphoid 
and trapezium on the radial side and the hook of the 
hamate and pisiform on the ulnar side.

4.	 The pisiform is a sesamoid bone (explaining why humans 
have eight carpal bones and seven tarsal bones).

5.	 The metacarpal bones are numbered 1 to 5 (numbering 
begins on the radial [i.e., thumb] side).

FIGURE 4-74 
1	 Radius
2	 Styloid process of radius
3	 Ulna
4	 Styloid process of ulna
5	 Scaphoid
6	 Tubercle of scaphoid
7	 Lunate
8	 Triquetrum
9	 Pisiform

10	 Trapezium
11	 Tubercle of trapezium
12	 Trapezoid
13	 Capitate
14	 Hamate
15	 Hook of hamate
16	 First metacarpal (of thumb)
17	 Second metacarpal (of index finger)
18	 Third metacarpal (of middle finger)
19	 Fourth metacarpal (of ring finger)
20	 Fifth metacarpal (of little finger)
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NOTES
1.	 The trapezium articulates with the first metacarpal (of the 

thumb); the trapezoid articulates with the second 
metacarpal (of the index finger); the capitate articulates 
with the third metacarpal (of the middle finger); and the 
hamate articulates with the fourth and fifth metacarpals 
(of the ring and little fingers).

2.	 The joint between the trapezium and first metacarpal (of 
the thumb) is the first carpometacarpal joint, also known 
as the saddle joint of the thumb.

3.	 At the wrist region, it is the radius that articulates with 
the carpal bones, not the ulna; the wrist joint is often 
referred to as the radiocarpal joint.

4.	 The scaphoid is the most commonly fractured carpal bone. 
The lunate is the most commonly dislocated carpal bone.

FIGURE 4-75 
1	 Radius
2	 Styloid process of radius
3	 Dorsal tubercle of radius
4	 Ulna
5	 Styloid process of ulna
6	 Scaphoid
7	 Lunate
8	 Triquetrum
9	 Pisiform

10	 Trapezium
11	 Trapezoid
12	 Capitate
13	 Hamate
14	 First metacarpal (of thumb)
15	 Second metacarpal (of index finger)
16	 Third metacarpal (of middle finger)
17	 Fourth metacarpal (of ring finger)
18	 Fifth metacarpal (of little finger)
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NOTES
1.	 The thumb has two phalanges—proximal and distal; the 

other four fingers each have three phalanges—proximal, 
middle, and distal.

2.	 All metacarpals and phalanges have the following 
landmarks: a base proximally, a body (shaft) in the 
middle, and a head distally.

3.	 The length of a metacarpal of a ray is equal to the length 
of the proximal and middle phalanges of that ray added 
together; the length of a proximal phalanx of a ray is 
equal to the length of the middle and distal phalanges of 
that ray added together.
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FIGURE 4-76 
1	 Radius
2	 Ulna
3	 Scaphoid
4	 Tubercle of scaphoid
5	 Lunate
6	 Triquetrum
7	 Pisiform
8	 Trapezium
9	 Tubercle of trapezium

10	 Trapezoid
11	 Capitate
12	 Hamate
13	 Hook of hamate
14	 Base of first metacarpal (of thumb)
15	 Body (shaft) of first metacarpal (of thumb)
16	 Head of first metacarpal (of thumb)
17	 Proximal phalanx of thumb
18	 Distal phalanx of thumb
19	 Second metacarpal (of index finger)
20	 Proximal phalanx of index finger
21	 Base of middle phalanx of middle finger
22	 Body (shaft) of middle phalanx of middle finger
23	 Head of middle phalanx of middle finger
24	 Distal phalanx of ring finger
25	 Base of fifth metacarpal (of little finger)
26	 Body (shaft) of fifth metacarpal (of little finger)
27	 Head of fifth metacarpal (of little finger)

RIGHT WRIST/HAND—ANTERIOR VIEW
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NOTES
1.	 The wrist joint is composed of the radiocarpal and 

midcarpal joints.
2.	 The radiocarpal joint is located between the radius and 

the proximal row of carpal bones. The midcarpal joint is 
located between the proximal and distal rows of carpal 
bones. In Figure 4-77, the radiocarpal joint is indicated in 
green and the midcarpal joint is indicated in yellow.
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FIGURE 4-77 
1	 Radius
2	 Ulna
3	 Scaphoid
4	 Lunate
5	 Triquetrum
6	 Trapezium
7	 Trapezoid
8	 Capitate
9	 Hamate

10	 First metacarpal (of thumb)
11	 Proximal phalanx of thumb
12	 Distal phalanx of thumb
13	 Base of metacarpal of index finger
14	 Body (shaft) of metacarpal of index finger
15	 Head of metacarpal of index finger

RIGHT WRIST/HAND—POSTERIOR VIEW

16	 Base of proximal phalanx of middle finger
17	 Body (shaft) of proximal phalanx of middle finger
18	 Head of proximal phalanx of middle finger
19	 Middle phalanx of ring finger
20	 Distal phalanx of little finger
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NOTES
1.	 The thumb has only two phalanges, hence only one 

interphalangeal joint.
2.	 The other fingers have three phalanges, hence two 

interphalangeal joints—a proximal interphalangeal joint 
and a distal interphalangeal joint.

3.	 An interphalangeal joint is often abbreviated as an IP 
joint.

4.	 The proximal interphalangeal joint is often abbreviated  
as the PIP joint.

5.	 The distal interphalangeal joint is often abbreviated as the 
DIP joint.

6.	 The carpometacarpal joint is often abbreviated as the 
CMC joint.

7.	 The metacarpophalangeal joint is often abbreviated as the 
MCP joint.
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FIGURE 4-78 
1	 Radius
2	 Styloid process of the radius
3	 Ulna
4	 Styloid process of the ulna
5	 Scaphoid
6	 Lunate
7	 Triquetrum
8	 Pisiform
9	 Trapezium

10	 Trapezoid
11	 Capitate
12	 Hamate
13	 First metacarpal (of thumb)
14	 Proximal phalanx of thumb
15	 Distal phalanx of thumb
16	 Metacarpal of index finger
17	 Proximal phalanx of middle finger
18	 Middle phalanx of ring finger
19	 Distal phalanx of little finger

RIGHT WRIST/HAND—MEDIAL VIEW
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NOTES
1.	 In figure A, the hand is shown with flexion of the fingers 

at the metacarpophalangeal and interphalangeal joints.
2.	 Figure B is a proximal to distal view demonstrating the 

tunnel that is formed by the carpal bones known as the 
carpal tunnel.

3.	 The flexor retinaculum encloses and forms the ceiling of 
the carpal tunnel by attaching to the tubercles of the 
scaphoid and trapezium on the radial side and the 
pisiform and hook of the hamate on the ulnar side.
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FIGURE 4-79  A, Proximal view of right wrist and hand with fingers 
flexed. B, Proximal view of right carpal tunnel.
1	 Scaphoid
2	 Tubercle of scaphoid
3	 Lunate
4	 Triquetrum
5	 Pisiform
6	 Trapezium
7	 Tubercle of trapezium
8	 Trapezoid
9	 Capitate

10	 Hamate
11	 Hook of hamate
12	 First metacarpal (of thumb)
13	 Proximal phalanx of thumb
14	 Distal phalanx of thumb
15	 Second metacarpal (of index finger)

RIGHT WRIST/HAND (FLEXED) AND CARPAL TUNNEL

16	 Proximal phalanx of middle finger
17	 Middle phalanx of ring finger
18	 Distal phalanx of little finger



This page intentionally left blank



153

CHAPTER  5 

PART III

Skeletal Arthrology: Study of the Joints

Joint Action Terminology

CHAPTER OUTLINE

Section 5.1	 Overview of Joint Function
Section 5.2	 Axial and Nonaxial Motion
Section 5.3	 Nonaxial/Gliding Motion
Section 5.4	 Rectilinear and Curvilinear Nonaxial 

Motion
Section 5.5	 Axial/Circular Motion
Section 5.6	 Axial Motion and the Axis of 

Movement
Section 5.7	 Roll and Spin Axial Movements
Section 5.8	 Roll, Spin, and Glide Movements 

Compared
Section 5.9	 Naming Joint Actions—Completely
Section 5.10	 Joint Action Terminology Pairs
Section 5.11	 Flexion/Extension
Section 5.12	 Abduction/Adduction
Section 5.13	 Right Lateral Flexion/Left Lateral 

Flexion
Section 5.14	 Lateral Rotation/Medial Rotation

Section 5.15	 Right Rotation/Left Rotation
Section 5.16	 Plantarflexion/Dorsiflexion
Section 5.17	 Eversion/Inversion
Section 5.18	 Pronation/Supination
Section 5.19	 Protraction/Retraction
Section 5.20	 Elevation/Depression
Section 5.21	 Upward Rotation/Downward Rotation
Section 5.22	 Anterior Tilt/Posterior Tilt
Section 5.23	 Opposition/Reposition
Section 5.24	 Right Lateral Deviation/Left Lateral 

Deviation
Section 5.25	 Horizontal Flexion/Horizontal 

Extension
Section 5.26	 Hyperextension
Section 5.27	 Circumduction
Section 5.28	 Naming Oblique Plane Movements
Section 5.29	 Reverse Actions
Section 5.30	 Vectors

CHAPTER OBJECTIVES

After completing this chapter, the student should be able to perform the following:

1.	 With regard to joint motion, explain the function 
of joints, muscles, and ligaments/joint capsules.

2.	 Describe the relationship between joint mobility 
and joint stability.

3.	 Describe the characteristics of axial motion.
4.	 Describe the characteristics of nonaxial motion.
5.	 Describe, compare, and contrast rectilinear and 

curvilinear motion.
6.	 Explain the relationship between axial motion and 

the axis of movement.
7.	 Describe roll and spin axial motions.

8.	 Explain the relationship of roll, spin, and glide 
movements.

9.	 State the three components of naming a joint 
action.

10.	Define joint action terms, and show examples of 
each one.

11.	 Explain the two uses of the term hyperextension.
12.	Demonstrate and state the component actions of 

circumduction.
13.	 Explain how oblique plane movements are broken 

down into their component cardinal plane actions.

  Indicates a video demonstration is available for this concept.
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OVERVIEW

Chapter 2 began the discussion of motion in the body. 
Chapter 5 now continues that discussion. The larger 
picture of joint function is addressed, axial and nonaxial 
motions are examined in detail, and the fundamental 
types of joint movement, (i.e., roll, glide, and spin) are 
covered. Joint action terminology pairs that describe 
cardinal plane actions are then presented so that the 
student is conversant with the language necessary to 
fully and accurately describe cardinal plane actions of the 
human body. Finally, oblique plane movement is covered 
and the concept of breaking an oblique plane movement 
into its cardinal plane component actions is explained. A 
strong learning tool to help accomplish this is presented: 
that is, placing an arrow (vector) along the direction of 
the fibers of the muscle, from one attachment of the 
muscle to its other attachment. This gives us a visual 

sense of the overall line of pull of the muscle. Resolving 
this vector into its component vectors then offers us a 
visual way to figure out the cardinal plane lines of pull 
and therefore the cardinal plane actions of the muscle.

One other topic, crucial to the understanding of mus-
culoskeletal function, is presented and explored in this 
chapter; that topic is reverse actions. For too long, stu-
dents of kinesiology have memorized muscle actions 
with the flawed belief that one attachment, the origin, 
always stays fixed, and the other attachment, the inser-
tion, always moves. The concept of reverse actions 
explains how to look at a muscle’s actions in a funda-
mentally simpler and more accurate way.

From here, Chapter 6 presents a classification of 
joints of the body, and Chapters 7 to 9 then regionally 
examine the joints of the body in much more detail.

KEY TERMS

Abduction (ab-DUK-shun)
Action
Adduction (ad-DUK-shun)
Angular motion
Anterior tilt (an-TEER-ee-or)
Axial motion (AK-see-al)
Circular motion
Circumduction (SIR-kum-DUK-shun)
Contralateral rotation (CON-tra-LAT-er-al)
Curvilinear motion (KERV-i-LIN-ee-ar)
Depression
Dorsiflexion (door-see-FLEK-shun)
Downward rotation
Elevation
Eversion (ee-VER-shun)
Extension (ek-STEN-shun)
Flexion (FLEK-shun)
Gliding motion
Hiking the hip
Horizontal abduction (ab-DUK-shun)
Horizontal adduction (ad-DUK-shun)
Horizontal extension (ek-STEN-shun)
Horizontal flexion (FLEK-shun)
Hyperextension (HI-per-ek-STEN-shun)
Inversion (in-VER-shun)
Ipsilateral rotation (IP-see-LAT-er-al)
Joint action
Lateral deviation
Lateral flexion (FLEK-shun)
Lateral rotation
Lateral tilt

Left lateral deviation
Left lateral flexion (FLEK-shun)
Left rotation
Linear motion
Medial rotation (MEE-dee-al)
Nonaxial motion (NON-AK-see-al)
Oblique plane movements (o-BLEEK)
Opposition (OP-po-ZI-shun)
Plantarflexion (PLAN-tar-FLEK-shun)
Posterior tilt (pos-TEER-ee-or)
Pronation (pro-NAY-shun)
Protraction (pro-TRAK-shun)
Rectilinear motion (REK-ti-LIN-ee-or)
Reposition (REE-po-ZI-shun)
Resolve a vector (VEK-tor)
Retraction (ree-TRAK-shun)
Reverse action
Right lateral deviation
Right lateral flexion (FLEK-shun)
Right rotation
Rocking movement
Rolling movement
Rotary motion
Scaption (SKAP-shun)
Sliding motion
Spinning movement
Supination (SUE-pin-A-shun)
Translation
Upward rotation
Vector (VEK-tor)

14.	 Explain the concept of a reverse action, and 
demonstrate examples of reverse actions.

15.	 Explain how drawing a vector can help us learn 
the actions of the muscle.

16.	Draw a vector that represents the line of pull of a 
muscle; and if the muscle’s line of pull is oblique, 
resolve that vector into its component cardinal 
plane vectors.
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WORD ORIGINS

❍	 Abduct—From Latin abductus, meaning to lead 
away

❍	 Adduct—From Latin adductus, meaning to draw 
toward

❍	 Circum—From Latin circum, meaning circle
❍	 Contra—From Latin contra, meaning opposed or 

against
❍	 Curv—From Latin curvus, meaning bent, curved
❍	 Exten—From Latin ex, meaning out, and tendere, 

meaning to stretch
❍	 Flex—From Latin flexus, meaning bent

5.1  OVERVIEW OF JOINT FUNCTION

❍	 Following is a simplified overview of joint function 
(For more information on joint function, see Section 
6.2.):
❍	 The primary function of a joint is to allow move-

ment. This is the reason why a joint exists in the 
first place.

❍	 The movement that occurs at a joint is created by 
muscles.
The role of a muscle contraction is actually to create 
a force on the bones of a joint; that force can create 
movement at the joint. However, the force of the 
muscle contraction can also stop or modify move-
ment. (For more information on muscle function, 
see Chapters 11 to 13.)

❍	 Ligaments and joint capsules function to limit exces-
sive movement at a joint.
❍	 Therefore, the following general rules can be stated:

❍	 Joints allow movement.
❍	 Muscles create movement.
❍	 Ligaments/joint capsules limit movement.

❍	 In addition to allowing movement to occur, joints 
have three characteristics:

❍	 Weight bearing: Many joints of the body are weight-
bearing joints—that is, they bear the weight of the 
body parts located above them. Almost every joint of 
the lower extremity and all the spinal joints of the 
axial body are weight-bearing joints. As a rule, weight-
bearing joints need to be very stable to support the 
weight that is borne through them.

❍	 Shock absorption: Joints can function to absorb shock. 
This is especially important for weight-bearing joints. 
The primary means by which a joint absorbs shock is 
the cushioning effect of the fluid within the joint 
cavity.

❍	 Stability: Even though the primary function of a joint 
is to allow motion to occur, excessive motion would 
create an unstable joint. Therefore a joint must be suf-
ficiently stable that it does not lose its integrity and 
become injured or dislocated.
❍	 Each joint of the body finds a balance between 

mobility and stability.
❍	 Mobility and stability are antagonistic properties: A 

more mobile joint is less stable; a more stable joint 
is less mobile.

5.2  AXIAL AND NONAXIAL MOTION

When a body part moves at a joint, motion of the body 
part occurs. The body may undergo two basic types of 
motion: (1) axial motion and (2) nonaxial motion.

AXIAL MOTION:

❍	 Axial motion is a motion of a body part that occurs 
about or around an axis.

❍	 This type of motion is also known as circular motion 
because the body part moves along a circular path 
around the axis (in such a manner that a point drawn 
anywhere on the body part would transcribe a circular 
path around the axis).

❍	 With axial motion not every point on the body part 
moves the same amount. A point closer to the axis 
moves less (and would transcribe a smaller circle) than 

❍	 Hyper—From Greek hyper, meaning above, over
❍	 Ipsi—From Latin ipse, meaning same
❍	 Lateral—From Latin latus, meaning side
❍	 Linea—From Latin linea, meaning a linen thread, 

a line
❍	 Oppos—From Latin opponere, meaning to place 

against
❍	 Pelvis—From Latin pelvis, meaning basin
❍	 Rect—From Latin rectus, meaning straight, right
❍	 Repos—From Latin reponere, meaning to replace
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a point farther from the axis (which would transcribe 
a larger circle).

❍	 In other words, with axial motion the body part 
moves in a circular path around the axis in  
such a manner that one part of the body part  
moves more than another part of the body part  
(Figure 5-1, A).

NONAXIAL MOTION:

❍	 Nonaxial motion is motion of a body part that does 
not occur about or around an axis.

❍	 This type of motion is also known as a gliding 
motion because the body part glides along another 
body part.

❍	 With nonaxial motion, every aspect of the body part 
moves/glides the same amount. In other words, every 
point on the body part moves in a linear path exactly 
the same amount in the same direction at the same 
time as every other point on the body part.

❍	 With nonaxial motion the body part does not move 
around an axis but instead glides as a whole in a linear 
direction (Figure 5-1, B).

❍	 In essence, a nonaxial gliding motion is when the 
entire body part moves as a whole and moves in one 
direction; an axial circular motion is a circular motion 
around an axis wherein one aspect of the body part 
moves more than another aspect of the body part. (For 
more information on axial motion, see Sections 5.5 
through 5.7. For more information on nonaxial 
motion, see Sections 5.3 and 5.4.)

FIGURE 5-1  A, The scapula upwardly rotating, which is an example of axial/circular motion. B, The scapula 
protracting, which is an example of nonaxial/gliding motion.

A B

5.3  NONAXIAL/GLIDING MOTION

NONAXIAL MOTION:

❍	 Nonaxial motion is motion of a body part that does 
not occur around an axis, hence the name nonaxial 
motion.

❍	 Nonaxial motion involves a gliding motion (also 
known as sliding motion) because the bone that 
moves is said to glide (or slide) along the other bone of 
the joint.

❍	 Nonaxial movement of a body part is also known as 
translation of the body part because the entire body 
part moves the same exact amount; therefore the 
entire body part can be looked at as changing its loca-

tion or translating its location from one position to 
another.

❍	 Nonaxial motion is also known as linear motion of 
a body part because every point on the body part 
moves in the same linear path, the exact same amount 
as every other point on the body part (Figure 5-2).

❍	 All of these synonyms for nonaxial motion are used 
commonly in the field of kinesiology, so it is useful to 
be familiar with all of them. Furthermore, each one of 
them is helpful in visually describing a nonaxial 
motion.

❍	 In other words, with nonaxial motion the body part 
does not move around an axis. Instead the entire body 
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part translates its location and glides/slides as a whole 
in a linear direction along the other bone of the joint.

❍	 Even though linear nonaxial motion does not occur 
around an axis, it can be described as moving within 
a plane. It may even be described as occurring within 
two planes.
Figure 5-2 shows a nonaxial motion of the scapula (in 

this case the scapula is protracting). If we pick any point 
along the scapula and draw a line to demonstrate the 
path of movement that this point undergoes, we see that 
this line is identical to the line drawn for the movement 
of every other point on the scapula. All of these lines 
would be identical to one another. Therefore one line can 
be drawn to demonstrate the motion of the entire scapula. 
This means the entire scapula moves as a whole, the same 
amount in the same direction at the same time. Because 
this motion does not occur around an axis, it is called 
nonaxial. Because one line can be drawn to demonstrate 
this motion, it can also be called linear motion.

Figure 5-3 shows other examples of nonaxial linear 
motion.

FIGURE 5-2  The scapula protracting. Three dashed lines have been 
drawn, representing the motion of three separate points along the 
scapula; we see that these lines are identical to one another. A bold line 
has been drawn that demonstrates the motion of the entire scapula.

FIGURE 5-3  A, Nonaxial motion of one carpal bone of the wrist along an adjacent carpal bone. B, Nonaxial 
motion of one vertebra along another vertebra at the facet joints of the spine.

A

B

5.4  RECTILINEAR AND CURVILINEAR NONAXIAL MOTION

❍	 Two different types of nonaxial linear motion 
exist: (1) rectilinear and (2) curvilinear. Figure 5-4 
illustrates these two different types of nonaxial linear 
motion.

❍	 In Figure 5-4, A, a person is skiing. The person’s entire 
body is moving in a straight line. Because rect means 

straight, motion such as this is termed rectilinear 
motion.

❍	 Figure 5-4, B illustrates the same skier jumping through 
the air. Now the person’s entire body is moving along 
a curved line. Because curv means curved, motion such 
as this is termed curvilinear motion.



158 CHAPTER 5  Joint Action Terminology

FIGURE 5-4  Person skiing and demonstrating two different types of nonaxial linear motion of the entire 
body. A, Person gliding along the snow in a straight line. This type of nonaxial linear motion is called rectilinear 
motion. B, Skier’s body is now jumping through the air along a curved path. This type of nonaxial linear motion 
is called curvilinear motion.

A

B

5.5  AXIAL/CIRCULAR MOTION

AXIAL MOTION:

❍	 Axial motion is motion of a body part that occurs 
around or about an axis, hence the name axial motion.

❍	 Axial motion is also known as circular motion because 
the body part moves along a circular path around the 
axis (in such a manner that a point drawn anywhere 
on the body part would transcribe a circular path 
around the axis).

❍	 When moving in this circular path, not every point 
on the body part moves an equal amount; points 
closer to the axis move less than points farther from 
the axis. However, every point on the body part does 
move along a circular path through the same angle in 
the same direction (at the same time) as every other 
point on the body part. Because the direction of 
motion for every point on the body part is through 
the same angle, axial motion is also called angular 
motion.

❍	 One other synonym for axial motion is rotary 
motion (i.e., rotation motion) because the body part 
moves in a rotary fashion around the axis.

❍	 As with nonaxial motion, many synonyms for axial 
motion exist. Because all of them are used, it is neces-
sary to be familiar with all of them. Furthermore, each 
one of them is useful in its own way toward visually 
describing axial motion. The one synonym for axial 

motion that should be used with caution (at least for 
the beginning student of kinesiology) is rotary/rota-
tion motion. Use of the word rotary or rotation in this 
context can be confusing, because when we start to 
name the pairs of directional terms used to describe 
axial motions at joints, the word rotation is used again, 
but it is used to describe a certain type of axial move-
ment, which is a spinning rotation of the bone around 
its long axis. For example, medial rotation is a term that 
uses the word rotation to describe a long-axis spinning 
rotation; yet flexion is a term to describe a rotary 
motion that does not involve spinning of the bone 
around its long axis, and in this context we do not say 
that flexion is rotation (even though as an axial move-
ment it can be described as a rotary or rotation move-
ment). (For more details, see the section on spin and 
roll axial movements in this chapter [Section 5.7].)
Figure 5-5 illustrates axial/circular motion of the 

forearm (in this case the forearm is flexing). We see that 
every point on the forearm moves along its own circular 
path; the line of this path for one point along the forearm 
will not be the same as for any other point along the 
forearm (i.e., the amount of movement will be different 
for each point). Therefore this type of motion is not 
linear. However, the angle that each point on the forearm 
moves through is the same, hence axial motion is also 
known as angular motion.
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FIGURE 5-5  A, Flexion of the forearm at the elbow 
joint (a type of axial/circular motion). The paths of move-
ment of three points along the forearm have been 
drawn. B, Same axial/circular movement as depicted in 
A. Angles have been drawn between the forearm and 
the arm for the three points that were considered in A. 
The angle formed by the motion of each point of the 
forearm is identical, therefore axial motion is also called 
angular motion.90˚ 90˚ 90˚

BA

5.6  AXIAL MOTION AND THE AXIS OF MOVEMENT

❍	 With axial motion the body part moves along a circu-
lar path. If we place a point at the center of this circular 
path, we will have the point around which the body 
part moves.

❍	 If we now draw a line through this center point that 
is perpendicular to the plane in which the movement 
is occurring, we will have the axis of movement for 
this axial motion.

❍	 As described in Section 5.5, motion of the body part 
may be described as rotary, because the body part is 
rotating around the axis; therefore an axis of move-

ment is often called an axis of rotation. For reasons 
explained in Section 5.5, beginning kinesiology stu-
dents might want to avoid use of the term axis of 
rotation and instead use the simpler term axis of 
movement. (For more on axes, see Sections 2.10 
through 2.13.)

❍	 Every axial movement moves around an axis.
❍	 Conversely, an axis is an imaginary line in space 

around which axial motions occur.
Figure 5-6 illustrates two examples of axial movements 
and shows the axis for each movement.

FIGURE 5-6  A, Flexion of the forearm at the elbow joint with 
the axis of movement drawn; axis is mediolateral (i.e., medial-
lateral) in orientation. B, Abduction of the thigh at the hip joint 
with the axis of movement drawn; axis is anteroposterior (i.e., 
anterior/posterior) in orientation. Axes of movement are always 
perpendicular to the plane in which the motion is occurring.

A

B
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5.7  ROLL AND SPIN AXIAL MOVEMENTS

Axial movements can be broadly divided into two 
categories:
❍	 One category is when the body part changes its posi-

tion in space and one end of the bone moves more 
than the other end of the bone.
❍	 This type of axial movement is called a rolling 

movement.
❍	 A rolling movement can also be called a rocking 

movement (“rock and roll”  ).
❍	 Figure 5-7, A illustrates flexion, an example of a 

rolling movement of the body.
❍	 Flexion of the arm at the shoulder joint is shown 

here as an example of a roll axial movement. Clearly 
it is an axial motion because the arm moves around 
an axis (located at the shoulder joint), and clearly 
the arm is not spinning, but rather the head of the 
humerus is rolling within the socket (i.e., glenoid 
fossa of the scapula) of the shoulder joint to create 

this motion. However, as will be explained in Section 
5.8, flexion also incorporates some nonaxial glide 
motion so that the head of the humerus does not 
dislocate by rolling right out of the shoulder joint 
socket. This concept is true for extension, abduction, 
adduction, right lateral flexion, and left lateral 
flexion as well. (See Section 5.8 for a better under-
standing of the relationship between roll and glide 
motions.)

❍	 The other category is when the body part does not 
change its position in space; rather it rotates or spins, 
staying in the same location.
❍	 This type of axial movement is called a spinning 

movement.
❍	 Spinning movements are generally known as rota-

tion movements.
❍	 Figure 5-7, B illustrates an example of a spin move-

ment of the body.

FIGURE 5-7  A, Roll movement. This particular motion is 
flexion of the arm at the shoulder joint. The arm changes 
position in space, and the distal end of the arm moves more 
than the proximal end. B, Spin movement. This particular 
motion is lateral rotation of the arm at the shoulder joint. The 
arm rotates or spins, and it stays in the same location. Note: 
the forearm does change its location in space but the arm 
does not.

A B

5.8  ROLL, SPIN, AND GLIDE MOVEMENTS COMPARED

❍	 Three fundamental types of movement can occur 
when one bone moves on another: (1) roll, (2) spin, 
and (3) glide.
❍	 Roll and spin are axial movements.
❍	 Glide is a linear nonaxial movement.

❍	 Figure 5-8 depicts all three of these fundamental 
motions at the joint level. The fundamental motions 
of roll, spin, and glide shown in Figure 5-8 depict 
the convex-shaped bone as moving on the concave-

shaped bone. It is also possible for the concave-
shaped bone to move along the convex-shaped bone. 
When the convex-shaped bone moves relative to the 
concave-shaped bone, the roll occurs in one direc-
tion and the glide occurs in the opposite direction. 
However, when the concave-shaped bone moves  
relative to the convex-shaped bone, the roll occurs  
in one direction and the glide occurs in the same 
direction.
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FIGURE 5-8  A, Rolling of one bone on another; roll is an axial move-
ment. B, Spinning of one bone on another; spin is an axial movement. 
C, Gliding of one bone on another; glide is a nonaxial movement. 
This figure shows the fundamental motions of roll, spin, and glide by 
showing the convex-shaped bone moving on the concave-shaped bone. 
(Modeled from Neumann DA: Kinesiology of the musculoskeletal system: 
foundations for physical rehabilitation, St Louis, 2002, Mosby.)

A  Roll B  Spin C  Glide

FIGURE 5-9  To better visualize the fundamental joint motions of roll, spin, and glide, an analogy can be 
made to a car tire. A, Tire that is rolling along the ground. B, Tire that is spinning without changing location. 
C, Tire that is gliding/sliding (skidding) along the ground.

A B C

❍	 Figure 5-9 draws an analogy for these movements to 
movements of a car tire.

❍	 It is important to realize that these fundamental 
motions do not always occur independently of each 
other. As a rule, rolling and gliding motions must 
couple together or the bone that is rolling will dislo-
cate by rolling off the other bone of the joint. For this 
reason, motions of flexion, extension, abduction, 
adduction, right lateral flexion, and left lateral flexion 
are actually made up of a combination of axial roll and 
nonaxial glide motions.

❍	 A spinning motion can occur independently. However, 
it is possible for a motion of the body to incorporate 
a spinning movement along with a rolling/gliding 
motion (e.g., when a person simultaneously flexes and 
laterally rotates the arm at the shoulder joint [both 
motions depicted in Figure 5-7]).

  5.9  NAMING JOINT ACTIONS—COMPLETELY

❍	 When we want to name a specific cardinal plane move-
ment of the body, we will refer to it as an action.

❍	 Because movement of a body part occurs at a joint, the 
term joint action is synonymous with action.

❍	 It is worth noting that most of the commonly thought-
of actions of the human body are axial (i.e., circular) 
movements (i.e., the body part that moves at a joint 
moves in a circular path around the axis of 
movement).

❍	 Generally the axis of movement is a line that runs 
through the joint.

❍	 When we describe these movements that occur, we will 
use terms that indicate the direction that the body part 
has moved. These terms come in pairs, and the terms 
of each pair are the opposites of each other.

❍	 Joint action terminology pairs are similar to the pairs 
of terms that are used to describe a location on the 
body (see Chapter 2 for more details). The difference 
is that the terms described in Chapter 2 were used to 
describe a static location on the body, whereas these 
movement terms are used to describe the direction 
that a body part is moving during an action that is 
occurring at a joint.

❍	 Once we know these terms, we will then use three 
steps to describe an action that occurs:
1.	 We will use the directional term describing the 

direction of the action.
2.	 We will then state which body part moved during 

this action.
3.	 We will then state at which joint the action occurred.

5-1
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❍	 For example, the action that is occurring in Figure 5-10 
would be described the following way: Flexion of the 
right forearm at the elbow joint.
This tells us three things:
1.	 The direction of the action: flexion
2.	 The body part that is moving: the right forearm
3.	 At which joint the action is occurring: the right 

elbow joint
❍	 The reader should note that most people and most 

textbooks do not specify the body part that is moving 
and the joint at which the movement is occurring. For 
example, the action illustrated in Figure 5-10 is usually 
referred to as either flexion of the elbow joint (and the 
term forearm is left out) or as flexion of the forearm (and 
the term elbow joint is left out).

❍	 However, naming an action either of these ways can 
lead to confusion. For example, if we try to describe 
pronation of the forearm, we can say that the forearm 
pronated, but we cannot say that the elbow joint pro-
nated because pronation of the forearm does not occur 
at the elbow joint, it occurs at the radioulnar joints. 

Therefore in this instance, elbow joint and forearm are 
not synonymous with each other.

❍	 Furthermore, flexion of the elbow joint does not neces-
sarily mean that the forearm moved; the arm can also 
flex at the elbow joint. In addition, flexion of the 
forearm does not necessarily mean that the elbow joint 
flexed; the forearm can also flex at the wrist joint.

❍	 Just as forearm and elbow joint are not synonymous 
with each other because the forearm can also move at 
the radioulnar joints, confusion can also occur with 
movements of the foot. The foot can move at the ankle 
joint, but it can also move at the subtalar joint instead.

❍	 The arm flexing at the elbow joint and the forearm 
flexing at the wrist joint are examples of what is called 
a reverse action. For example, the arm can move at the 
elbow joint if the forearm is fixed; this motion occurs 
during a pull-up, as well as whenever we grab a banis-
ter or other object and pull ourselves toward it. Move-
ment of the forearm at the wrist joint is not as common 
but can occur when the hand is fixed. (For more infor-
mation on reverse actions, see Section 5.29.)

❍	 The advantage to being more complete in naming 
joint actions is that it requires us to clearly see exactly 
what is happening with each action of the body that 
occurs. Therefore to be most clear and eliminate the 
chance of possible vagueness and confusion, both the 
body part and the joint at which motion is occurring 
should be specified.

❍	 A bone can also be named as doing the moving, instead 
of the body part that the bone is within. Most of the 
time, naming the bone is interchangeable with naming 
the body part. For example, flexion of the humerus at 
the shoulder joint is interchangeable with flexion  
of the arm at the shoulder joint, because it is the  
humerus that moves when the arm moves. Sometimes 
naming the bone instead of the body part can actually 
be advantageous, because it more specifically describes 
what is actually moving. For example, with pronation/
supination of the forearm, it is usually the radius of 
the forearm that is primarily either pronating or supi-
nating about the ulna. Therefore, stating pronation of 
the radius instead of pronation of the forearm can 
actually create a clearer visual picture.

FIGURE 5-10  Flexion of the right forearm at the elbow joint.

Forearm

Elbow joint

  5.10  JOINT ACTION TERMINOLOGY PAIRS

Following are the terms that are used to describe joint 
actions:
❍	 These terms come in pairs; each term of a pair is the 

opposite of the other term of the pair.
❍	 It is important to remember that these terms do not 

describe the static location that a body part and/or a 

joint is in; rather they describe the direction in which 
a body part is moving at a joint. In other words, 
motion should be occurring for these terms to be  
used.

❍	 Even though these terms are meant to describe move-
ment, there are times when they are used to help 

5-2
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describe a static position. For example, it might be said 
that the client’s arm is in a position of flexion at the 
shoulder joint. This is said because relative to anatomic 
position, the arm is flexed at the shoulder joint. 
However, this type of use of these motion terms to 
describe a static position can sometimes lead to confu-
sion. For example, the client with the arm in flexion 
may have previously been in a position of further 
flexion, and then the client extended to get to that 
lesser position of flexion. In other words, knowing a 
static position does not tell us what joint action was 
done by the client to get into that position. In addi-
tion, because it is more often joint action movement 
that causes injury and not the static position that a 
joint is in, it is best to use these terms to describe an 
actual motion that is occurring.

❍	 Five major pairs of directional terms are used through-
out most of the body:
1.	 Flexion/extension
2.	 Abduction/adduction

3.	 Right lateral flexion/left lateral flexion
4.	 Lateral rotation/medial rotation
5.	 Right rotation/left rotation
The following pairs of directional terms are used for 

certain actions at specific joints of the body.
❍	 Plantarflexion/dorsiflexion
❍	 Eversion/inversion
❍	 Pronation/supination
❍	 Protraction/retraction
❍	 Elevation/depression
❍	 Upward rotation/downward rotation
❍	 Anterior tilt/posterior tilt
❍	 Opposition/reposition
❍	 Lateral deviation to the right/lateral deviation to the 

left
❍	 Horizontal flexion/horizontal extension
❍	 A few additional terms are used when describing joint 

actions/motions of the body.
❍	 Hyperextension
❍	 Circumduction

5.11  FLEXION/EXTENSION

❍	 Flexion is defined as a movement at a joint so that 
the ventral (soft) surfaces of the two body parts at that 
joint come closer together (Box 5-1).

❍	 Flexion and extension are terms that can be used for 
the entire body (i.e., the body parts of the axial  
skeleton and the body parts of the appendicular 
skeleton).

❍	 Flexion of a body part involves an anterior movement 
of that body part; extension of a body part involves a 
posterior movement of that body part.
❍	 The exception to this rule is at the knee joint and 

farther distally, where flexion is a posterior move-
ment of the body part and extension is an anterior 
movement.

❍	 Another exception is flexion and extension of the 
thumb at the saddle joint. These motions are 
unusual in that they occur within the frontal plane. 
See Section 9.13 for more details regarding move-
ment of the thumb.

❍	 Generally, flexion involves a bending at a joint, whereas 
extension involves a joint straightening out.
❍	 The word flexion comes from the Latin word 

meaning to bend.
❍	 The word extension comes from the Latin word 

meaning to straighten out.
❍	 An easy way to remember flexion is to think of the 

fetal position. When a person goes to sleep in the  
fetal position, most or all of the joints are in  
flexion.

The word ventral derives from the word belly. The ventral surface 
of a body part has come to mean the soft “underbelly” aspect 
of the body part. Generally it is the anterior surface, but in the 
lower extremity the ventral surface shifts to the posterior surface 
(and is the plantar surface of the foot). The opposite of ventral 
is dorsal.

 
BOX 
5-1

 

❍	 Extension is the opposite of flexion (i.e., the dorsal 
[harder] surfaces of the body parts come closer 
together).

❍	 See Figure 5-11 for examples of flexion and 
extension.

❍	 Flexion and extension are movements that occur in 
the sagittal plane.

❍	 Flexion and extension are axial movements that occur 
around a mediolateral axis.
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Flexion ExtensionFIGURE 5-11  Examples of flexion and extension. 
A and B, Flexion and extension of the head and 
neck at the spinal joints. C, Flexion and extension 
of the leg at the knee joint. D and E, Flexion and 
extension of the hand at the wrist joint. (Note: In 
the illustrations, the red tube or red dot represents 
the axis of movement.)

5.12  ABDUCTION/ADDUCTION

❍	 Abduction is defined as a movement at a joint that 
brings a body part away from the midline of the body. 
To abduct is to take away (Box 5-2).

The fingers and toes do not abduct/adduct relative to the midline 
of the body. The reference line about which abduction/adduc-
tion of the fingers occurs is an imaginary line through the middle 
finger; the reference line about which abduction/adduction of 
the toes occurs is an imaginary line through the second toe. 
Movement of a finger away from the middle finger and move-
ment of a toe away from the second toe is abduction; movement 
toward these reference lines is adduction. Frontal plane move-
ments of the middle finger itself are termed radial and ulnar 
abduction; similar movements of the second toe are termed 
fibular and tibial abduction. Another exception to this rule is 
abduction/adduction of the thumb. (See Section 9.13 for more 
details regarding movements of the thumb.)

BOX 
5-2

 

❍	 The midline of the body is an imaginary line that 
divides the body into two equal left and right halves.

❍	 Adduction is the opposite of abduction; in other 
words, the body part moves closer toward the midline 
(it is added to the midline).
See Figure 5-12 for examples of abduction and 
adduction.

❍	 Abduction and adduction are movements that occur 
in the frontal plane.
❍	 Abduction and adduction are axial movements that 

occur around an anteroposterior axis.
❍	 Abduction and adduction are terms that can be used 

for the body parts of the appendicular skeleton only 
(i.e., the upper and lower extremities).

❍	 Abduction of a body part involves a lateral move-
ment of that body part; adduction of a body  
part involves a medial movement of that body  
part.
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FIGURE 5-12  Examples of abduction and adduction. A and B, Abduction and adduction of the thigh at the 
hip joint. C and D, Abduction and adduction of the arm at the shoulder joint. E and F, Abduction and adduc-
tion of the hand at the wrist joint. (Note: In the illustrations, the red tube or red dot represents the axis of 
movement.)
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5.13  RIGHT LATERAL FLEXION/LEFT LATERAL FLEXION

❍	 Right lateral flexion is defined as a movement 
at a joint that bends a body part to the right  
side.

❍	 Left lateral flexion is the opposite of right lateral 
flexion; in other words, the body part bends to the left 
side.
See Figure 5-13 for examples of right lateral flexion and 
left lateral flexion.

❍	 Right lateral flexion and left lateral flexion are move-
ments that occur in the frontal plane.
❍	 Right lateral flexion and left lateral flexion are axial 

movements that occur around an anteroposterior 
axis.

❍	 Right lateral flexion and left lateral flexion are 
terms that can be used for the body parts of  
the axial skeleton only (i.e., the head, neck, and 
trunk).

FIGURE 5-13  Examples of right and left lateral flexion. A and B, Anterior and lateral views (respectively) of 
right and left lateral flexion of the trunk at the spinal joints. C and D, Anterior and lateral views (respectively) 
of right and left lateral flexion of the neck at the spinal joints. (Note: In the illustrations, the red tube or red 
dot represents the axis of movement.)
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❍	 Right lateral flexion of a body part involves a lateral 
movement of that body part to the right; left lateral 
flexion of a body part involves a lateral movement 
of that body part to the left.

❍	 Lateral flexion is often called side bending.
❍	 When we describe a muscle as laterally flexing a 

body part, we usually do not specify whether it is 
lateral flexion to the right or left because a muscle 
that laterally flexes can only do so to the same side 
of the body where it is located. Therefore, all muscle 
joint actions of lateral flexion are same-sided lateral 
flexion (i.e., ipsilateral lateral flexion).

❍	 Note: Lateral flexion should not be confused with 
flexion, although the word flexion is contained 
within the term lateral flexion. Flexion is a sagittal 
plane movement, and lateral flexion is a frontal 
plane movement.
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5.14  LATERAL ROTATION/MEDIAL ROTATION

❍	 Lateral rotation is defined as a movement at a joint 
wherein the anterior surface of the body part rotates 
away from the midline of the body.

❍	 Medial rotation is the opposite of lateral rotation; 
in other words, the anterior surface of the body part 
rotates toward the midline of the body.
See Figure 5-14 for examples of lateral rotation and 
medial rotation.

❍	 Lateral rotation and medial rotation are movements 
that occur in the transverse plane.
❍	 Lateral rotation and medial rotation are axial move-

ments that occur around a vertical axis.

❍	 Lateral rotation and medial rotation are terms that 
can be used for the body parts of the appendicular 
skeleton only (i.e., the upper and lower extremities 
only).

❍	 Lateral rotation and medial rotation of a body part 
involve a rotation (i.e., spin) of the body part 
around the longitudinal axis that runs through the 
length of the bone of the body part. When this 
rotation occurs, the body part does not actually 
change its physical location in space; rather it stays 
in the same location and spins or rotates around its 
own axis.

FIGURE 5-14  Examples of lateral rotation and medial rotation. A, Lateral rotation of the arm at the shoulder 
joint. B, Medial rotation of the arm at the shoulder joint. C, Lateral rotation of the thigh at the hip joint. D, 
Medial rotation of the thigh at the hip joint. (Note: In all illustrations the red tube and the dashed line repre-
sents the axis of movement.)

Medial rotationLateral rotation

A B C D
Medial rotationLateral rotation

5.15  RIGHT ROTATION/LEFT ROTATION

❍	 Right rotation is defined as a movement at a joint 
wherein the anterior surface of the body part rotates 
to the right.

❍	 Left rotation is the opposite of right rotation; in 
other words, the anterior surface of the body part 
rotates to the left.
See Figure 5-15 for examples of right rotation and left 
rotation.

❍	 Right rotation and left rotation are movements that 
occur in the transverse plane.
❍	 Right rotation and left rotation are axial move-

ments that occur around a vertical axis.
❍	 Right rotation and left rotation are terms that can be 

used for the body parts of the axial skeleton only 
(i.e., the head, neck, and trunk).
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❍	 An exception is the pelvis, which is described as 
rotating to the right and the left. (Note: The pelvis 
is a transitional body part containing elements of 
the axial and appendicular skeleton.)

❍	 Right rotation and left rotation of a body part 
involve a rotation (i.e., spin) of the body part 
around the longitudinal axis that runs through the 
length of the bone(s) of the body part. When this 
rotation occurs, the body part does not actually 
change its physical location in space; rather it stays 
in the same location and spins or rotates around its 
own axis.

Note:
❍	 Two terms are often used when describing the 

actions of muscles that can rotate an axial body part 
within the transverse plane. These terms are ipsilat-
eral rotation and contralateral rotation.

❍	 The terms ipsilateral rotation and contralateral rota-
tion do not define joint actions; rather they indicate 

whether a muscle rotates an axial body part (or the 
pelvis) toward the same side of the body as where 
it is located, or toward the opposite side of the body 
from where it is located.

❍	 A muscle does ipsilateral rotation if it rotates an 
axial body part (or the pelvis) toward the same side 
of the body as where it is located. For example, the 
splenius capitis muscle is an ipsilateral rotator 
because the right splenius capitis rotates the head 
and neck to the right, and the left splenius capitis 
rotates the head and neck to the left.

❍	 A muscle does contralateral rotation if it rotates 
an axial body part (or the pelvis) toward the oppo-
site side of the body from where it is located. For 
example, the sternocleidomastoid muscle is a con-
tralateral rotator because the right sternocleidomas-
toid rotates the head and neck to the left, and the 
left sternocleidomastoid rotates the head and neck 
to the right.

FIGURE 5-15  Examples of right rotation and left rotation. A, Right and left rotation of the head and neck 
at the spinal joints. B, Right rotation of the trunk at the spinal joints. C, Left rotation of the trunk at the spinal 
joints. (Note: In all illustrations the red tube and the dashed line represent the axis of movement.)

Right rotation
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5.16  PLANTARFLEXION/DORSIFLEXION

❍	 Plantarflexion is defined as the movement at the 
ankle joint wherein the foot moves inferiorly, toward 
the plantar surface of the foot.

❍	 The plantar surface of the foot is the surface that you 
plant on the ground (i.e., the inferior surface). The 
dorsal surface is the opposite side of the foot (i.e., the 
superior surface).

❍	 Dorsiflexion is the opposite of plantarflexion; in 
other words, the foot moves superiorly toward its 
dorsal surface (Box 5-3).
See Figure 5-16 for an example of plantarflexion and 
dorsiflexion.

❍	 Plantarflexion and dorsiflexion are movements that 
occur in the sagittal plane.

5-3
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❍	 Plantarflexion and dorsiflexion are axial move-
ments that occur around a mediolateral axis.

❍	 Plantarflexion and dorsiflexion are terms that are used 
for the foot moving at the ankle joint.

Plantarflexion and dorsiflexion are terms that are used in place 
of flexion and extension. Because the foot is positioned at a 
90-degree angle to the rest of the body, movements appear to 
be inferior and superior instead of anterior and posterior; for 
this reason, plantarflexion and dorsiflexion are used (instead of 
flexion and extension) to eliminate the possibility of confusion. 
When the terms flexion and extension are used to describe 
sagittal plane actions of the foot, controversy exists over which 
term is which. Some sources say that dorsiflexion is flexion, 
because dorsiflexion is bending of the ankle joint and the word 
flexion means to bend. Others sources state that plantarflexion 
is flexion for two reasons:

Flexion is a posterior movement from the knee joint and 
further distal, and plantarflexion is a posterior 
movement.

Flexion is usually an approximation of two ventral (i.e., 
soft) surfaces of adjacent body parts, and plantarflexion 
accomplishes this.

(Note: Dorsiflexion and plantarflexion can also occur to a 
small degree at the subtalar and transverse tarsal joints of the 
foot.)

BOX 
5-3

 

FIGURE 5-16  Plantarflexion and dorsiflexion of the foot at the ankle 
joint. (The red tube represents the axis of movement.)

Dorsiflexion

Plantarflexion

5.17  EVERSION/INVERSION

❍	 Eversion is defined as the movement between tarsal 
bones wherein the plantar surface of the foot turns 
away from the midline of the body.

❍	 Inversion is the opposite of eversion; in other words, 
the plantar surface of the foot turns toward the midline 
of the body.

❍	 Inversion can be thought of as turning the foot inward, 
toward the midline of the body. Therefore eversion 
would be turning the foot outward, away from the 
midline of the body.
See Figure 5-17 for an example of eversion and 
inversion.

❍	 Eversion and inversion are movements that occur in 
the frontal plane.

❍	 Eversion and inversion are axial movements that 
occur around an anteroposterior axis.

❍	 Eversion and inversion are terms that are used to 
describe the motion of the foot between tarsal 
bones. These movements do not occur at the ankle 
joint (Box 5-4).

FIGURE 5-17  Eversion and inversion of the foot at the tarsal joints 
(i.e., the subtalar joint). (The red dot represents the axis of movement.)

InversionEversion

Eversion is an action that is one component of another term, 
pronation, used to describe a broader movement of the foot; 
inversion is an action that is one component of another term, 
supination, used to describe a broader movement of the foot. 
(For more details on this, see Section 8.19.)

BOX 
5-4

 

❍	 Eversion and inversion occur about the long axis of 
the foot (i.e., anteroposterior axis). Because rotation 
actions of a body part occur about the long axis of 
the body part, this means that eversion and inver-
sion are essentially equivalent and can be thought 
of as lateral and medial rotation of the foot. Rota-
tions usually occur about a long axis that is vertical, 
but because the position of the foot is set at a 
90-degree angle to the rest of the body, its long axis 
is anteroposterior (i.e., horizontal).
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❍	 The principal tarsal joint is the subtalar joint. For 
this reason, eversion and inversion are often said to 
occur at the subtalar joint. For more information on 
the tarsal joints of the foot, see Sections 8.19 and 
8.20.

❍	 Eversion of a body part involves a lateral movement 
of that body part; inversion of a body part involves a 
medial movement of that body part.

5.18  PRONATION/SUPINATION

❍	 Pronation is defined as the movement of the forearm 
wherein the radius crosses over the ulna.

❍	 Supination is the opposite of pronation; in other 
words, the radius uncrosses to return to a position 
parallel to the ulna.

❍	 Pronation and supination of the forearm are often 
referred to as pronation and supination of the radius, 
because it is the radius that usually does the vast 
majority of the moving. The ulna does actually move 
a small amount. This can be felt if you palpate the 
distal end of the ulna while doing pronation and  
supination of the forearm.

❍	 Note: If the hand (and therefore the radius) is fixed, it 
is the ulna that moves relative to the radius during 
pronation and supination movements of the forearm; 
this scenario would be an example of reverse actions.
See Figure 5-18 for examples of pronation and 
supination.

❍	 Pronation and supination are movements that occur 
in the transverse plane.
❍	 Pronation and supination are axial movements that 

occur around a vertical axis.
❍	 Pronation and supination are terms that are used for 

the radius moving at the radioulnar joints.
❍	 The axis for pronation and supination of the 

forearm is a longitudinal axis that runs approxi-
mately from the head of the radius through the 
styloid process of the ulna (Figure 5-18).

❍	 Pronation of the forearm involves two separate 
motions. The proximal radius medially rotates at 
the proximal radioulnar joint, and the distal radius 
moves around the distal end of the ulna.

❍	 In anatomic position, our forearms are fully 
supinated.

❍	 Pronation and supination result in an altered posi-
tion of the distal radius. Because the hand articu-
lates only with the radius, pronation and supination 
of the forearm result in the hand changing posi-
tions. Therefore the practical effect of pronation 
and supination of the forearm is that they allow us 
to be able to place the hand in a greater number of 
positions. Pronation results in the palm of the hand 
facing posteriorly; supination results in the palm of 
the hand facing anteriorly. This altered position of 

the hand is a result of motion at the radioulnar 
joints; it does not occur at the wrist joint (i.e., radio-
carpal joint).

❍	 To avoid confusing pronation/supination of the 
forearm at the radioulnar joints with medial rota-
tion/lateral rotation of the arm at the shoulder 
joint, first flex the forearm at the elbow joint to 90 
degrees and then perform pronation and supination 
of the forearm and then medial and lateral rotation 
of the arm at the shoulder joint. The resultant body 
positions will be markedly different from each 
other.

❍	 The terms pronation and supination are also used to 
describe certain broad movements of the foot. (See 
Section 8.19 for more details.)

FIGURE 5-18  Supination and pronation of the right forearm at the 
radioulnar joints. (The dashed line represents the axis of movement.)

PronationSupination BA
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5.19  PROTRACTION/RETRACTION

❍	 Protraction is defined as a movement at a joint that 
brings a body part anteriorly.

❍	 Retraction is the opposite of protraction; in other 
words, the body part moves posteriorly (retraction literally 
means to take it back, hence a posterior movement).
See Figure 5-19 for examples of protraction and 
retraction.

❍	 Protraction and retraction are movements that are 
usually considered to occur in the sagittal plane.

❍	 Protraction and retraction can be axial or nonaxial 
movements depending on the body part. (When the 
motion is axial, the movement occurs around an axis; 
when the motion is nonaxial, there is no axis around 
which the motion occurs.)

❍	 Protraction and retraction are terms that can be used for 
the mandible, scapula, and clavicle (Box 5-5).

FIGURE 5-19  Examples of protraction and retrac-
tion. A and B, Protraction and retraction, respectively, 
of the mandible at the temporomandibular joints 
(TMJs). C and D, Protraction and retraction, respec-
tively, of the scapula at the scapulocostal joint.
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The named actions of protraction and retraction can be axial or 
nonaxial movements, depending on the body part that is moving. 
Protraction and retraction of the scapula and mandible are 
nonaxial movements; protraction and retraction of the clavicle 
are axial movements. (For more information on how these body 
parts move, see Sections 9.3, 7.2, and 9.4, respectively.)

The tongue and lips may also be said to protract and retract.
Protraction and retraction of the scapula are sometimes 

referred to as abduction and adduction of the scapula. The terms 
protraction and retraction refer to sagittal plane movements, 
whereas abduction and adduction refer to frontal plane move-
ments. The reason for this seeming contradiction in terms is that 
the scapula lies in a plane that is approximately midway between 
the sagittal and frontal planes. When the scapula moves in this 

plane, its movement has a component in both of these planes; 
hence certain sources choose to describe the motion as sagittal 
plane movement and others choose to describe the motion as 
frontal plane movement. When scapular movement is viewed from 
the anterior or lateral perspectives, the anterior-posterior motion 
of protraction and retraction is more visible and seems to better 
describe the scapular movement that is occurring. However, when 
scapular movement is viewed from the posterior perspective, the 
lateral-medial motion of abduction and adduction away from and 
toward the midline is more visible and seems to better describe 
the scapular movement that is occurring. We will use protraction/
retraction in this textbook, but we will also reference abduction 
and adduction. To eliminate this problem, some sources use the 
term scaption to describe the plane of the scapula.

BOX 
5-5

 



172 CHAPTER 5  Joint Action Terminology

5.20  ELEVATION/DEPRESSION

❍	 Elevation is defined as a movement at a joint that 
brings a body part superiorly (elevate literally means 
to bring up).

❍	 Depression is the opposite of elevation; in other 
words, the body part moves inferiorly (depress literally 
means to bring down).
See Figure 5-20 for examples of elevation and 
depression.

❍	 Elevation and depression are movements that occur in 
a vertical plane (i.e., sagittal or frontal).
❍	 Elevation and depression can be axial or nonaxial 

movements depending on the body part. (When 
the motion is axial, the movement occurs around 
an axis; when the motion is nonaxial, there is no 
axis around which the motion occurs.)

❍	 An example of nonaxial elevation and depression 
would be the scapula. An example of axial elevation 
and depression would be the mandible. (For more 
information on how these body parts move, see 
Sections 9.3 and 7.2, respectively.)

❍	 Elevation and depression are terms that can be 
used for the mandible, scapula, clavicle, and pelvis 
(Box 5-6).

FIGURE 5-20  Examples of elevation and depres-
sion. A and B, Depression and elevation, respec-
tively, of the mandible at the temporomandibular 
joints (TMJs) (red dot represents the axis of move-
ment of the mandible). C and D, Depression and 
elevation, respectively, of the scapula at the scapu-
locostal joint.
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Sometimes the term elevation is used more generally to describe 
movement of a long bone when its distal end elevates. For 
example, from anatomic position, flexion of the arm is some-
times referred to as elevation, because the distal end moves to 
a position that is higher. Although technically not incorrect, this 
use of the term elevation is less precise and therefore less desir-
able. The term depression is sometimes used in a similar manner.

Depression of the pelvis is also known as lateral tilt of 
the pelvis; elevation of the pelvis is also sometimes referred to 
as hiking the hip. (Note: Use of the term hiking the hip is 
not recommended; it can be confusing because hip movements 
are often thought of as thigh movements at the hip joint.)  
(For more information on the pelvis, see Sections 8.1 through 
8.8.)

BOX 
5-6
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5.21  UPWARD ROTATION/DOWNWARD ROTATION

Upward rotation and downward rotation are terms 
that may be used to describe movement of the scapula 
and the clavicle (Box 5-7).

The actual plane that the scapula moves within is the plane of 
the scapula, sometimes called the scaption plane, which lies 
between the sagittal and frontal planes.

According to usual terminology, an action of a body part is 
the motion of that body part relative to the body part that is 
directly next to it, with the motion occurring at the joint that  
is located between them. However, when actions of the arm or 
the shoulder joint are spoken of, the entire range of motion of 
the arm relative to the trunk (not the scapula) is often consid-
ered. This lumps the actions of the humerus with the actions of 
the scapula and clavicle (i.e., the shoulder girdle). Therefore the 
total motion of the humerus moving at the glenohumeral joint 
and the shoulder girdle moving at its joints are often considered. 
Similarly, motion of the thigh or the hip joint often includes the 
motion of the pelvic girdle.

BOX 
5-7

 

SCAPULA (FIGURE 5-21, A):

❍	 Upward rotation is defined as a movement of the 
scapula wherein the scapula rotates in such a manner 
that the glenoid fossa orients superiorly.

❍	 Downward rotation is the opposite of upward rotation; 
in other words, the scapula rotates to orient the glenoid 
fossa inferiorly.
❍	 Upward rotation and downward rotation of the 

scapula are axial movements that occur in a vertical 
plane about an anteroposterior axis.

❍	 The importance of upward rotation of the scapula 
is to orient the glenoid fossa superiorly. This allows 
the arm to further flex and/or abduct relative to the 
trunk.

CLAVICLE (FIGURE 5-21, B and C ):

❍	 Upward rotation may also be used to describe the rota-
tion of the clavicle in which the inferior surface comes 
to face anteriorly.

❍	 Being the opposite action, downward rotation returns 
the inferior surface (now facing anteriorly) back to face 
inferiorly again.

FIGURE 5-21  Examples of upward rotation and downward 
rotation. A, Upward rotation of the scapula at the scapulocostal 
joint from anatomic position (downward rotation of the scapula 
would be returning to anatomic position). The red dot represents 
the location of the axis of movement. B, Clavicle in anatomic 
position. C, Upward rotation of the clavicle at the sternoclavicular 
joint (downward rotation of the clavicle would be returning to 
anatomic position). The red line in B and C represents the axis 
of movement.

Upward rotationA

Upward rotationAnatomic position CB
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❍	 If one were to look at the clavicle from the lateral side, 
upward rotation would be a counterclockwise motion 
of the clavicle; downward rotation would be a clock-
wise motion of the clavicle.
❍	 Upward rotation and downward rotation of the 

clavicle are axial movements that occur in a trans-
verse plane around an axis that is approximately 
mediolateral in orientation.

❍	 Because of the curve in the distal clavicle, when the 
clavicle upwardly rotates, the distal end elevates. 

Therefore one important aspect of upward rotation 
of the clavicle is to help elevate the shoulder girdle 
as a whole to facilitate further flexion and/or abduc-
tion of the arm relative to the trunk. (For more 
detailed information on the role of the clavicle  
[and scapula] in motion of the upper extremity,  
see Section 9.6.)

5.22  ANTERIOR TILT/POSTERIOR TILT

❍	 Anterior tilt and posterior tilt are terms that may 
be used to describe movement of the pelvis.

❍	 Unfortunately many terminology systems exist for 
naming movements of the pelvis. Because anterior tilt 
and posterior tilt are the most common and easiest 
terms to use when describing sagittal plane move-
ments of the pelvis, this book will use these terms.

❍	 Anterior tilt is defined as the movement of the pelvis 
wherein the superior aspect of the pelvis tilts anteriorly 
(Figure 5-22, A).

❍	 Posterior tilt is defined as the movement of the pelvis 
wherein the superior aspect of the pelvis tilts posteri-
orly (Figure 5-22, B).
❍	 Anterior tilt and posterior tilt are movements that 

occur in the sagittal plane.
❍	 Anterior tilt and posterior tilt are axial movements 

that occur around a mediolateral axis.
❍	 Anterior tilt and posterior tilt are terms that are used 

for the pelvis moving at the lumbosacral and/or the 
hip joints.

❍	 The postural position of anterior/posterior tilt of 
the pelvis is extremely important because the spine 
sits on the pelvis; if the amount of anterior/poste-
rior tilt of the pelvis changes, the curves of the spine 
must change (i.e., increase or decrease) to compen-
sate. (For more information on the effect of the 
pelvis on the posture of the spine, see Section 8.8.)

❍	 The word pelvis is derived from the Latin word for 
basin. If one thinks of the pelvis as a basin filled 
with water, then the word tilt refers to where the 
water would spill out when the pelvis tilts (Figure 
5-23).

❍	 Note: The terms right lateral tilt and left lateral tilt 
are sometimes used to describe movements of the 
pelvis in the frontal plane. This book will use the 
term depression of the pelvis (see Sections 8.3 through 
8.5) in place of lateral tilt of the pelvis.

FIGURE 5-22  A, Anterior tilt of the pelvis. B, Posterior tilt of the pelvis. 
Motions are shown as occurring at the hip joint.

BA FIGURE 5-23  Water spilling out of the pelvis based on the tilt of the 
pelvis. To learn the tilt actions of the pelvis, it can be helpful to think of 
the pelvis as a basin that holds water. Whichever way that the pelvis tilts, 
water will spill out in that direction.

BA
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5.23  OPPOSITION/REPOSITION

❍	 Opposition is defined as the movement of the thumb 
wherein the pad of the thumb meets the pad of another 
finger (Figure 5-24, A).

❍	 Reposition is the opposite of opposition; in other 
words, the thumb returns to its starting position 
(usually anatomic position) (Figure 5-24, B).

❍	 Opposition is not a specific action; it is a combination 
of three actions.
❍	 Opposition is a combination of abduction, flexion, 

and medial rotation of the metacarpal of the thumb 
at the saddle joint of the thumb (first carpometa-
carpal joint).

❍	 Reposition is not a specific action; it is a combination 
of three actions.
❍	 Reposition is a combination of extension, lateral 

rotation, and adduction of the metacarpal of the 
thumb at the saddle joint of the thumb (first carpo-
metacarpal joint) (Box 5-8).

COMPONENTS OF OPPOSITION/REPOSITION:

❍	 Flexion and extension of the thumb occur in the 
frontal plane around an anteroposterior axis. With 
flexion and extension, the thumb moves parallel to the 
palm of the hand.

❍	 Abduction and adduction of the thumb occur in the 
sagittal plane around a mediolateral axis. With abduc-
tion and adduction, the thumb moves perpendicular 
to the palm of the hand.

❍	 Medial rotation and lateral rotation of the thumb 
occur in the transverse plane around a vertical  
axis.
❍	 The exact components of opposition (and there-

fore reposition) can vary depending on the 
motion of the finger to which the thumb is being 
opposed. If that finger remains in anatomic posi-
tion, then the thumb abducts from anatomic posi-
tion and then may actually adduct posteriorly to 
meet the pad of that finger. However, if the other 
finger flexes, then the thumb need only abduct. 
Also, the amount of thumb flexion that occurs 
varies based upon which finger the thumb is 
opposing to meet; it flexes more to meet the little 
finger and less to meet the index finger. (For more 
information on movement of the thumb, see 
Section 9.13.)

❍	 The terms opposition and reposition are also used to 
describe movements of the little finger. (For more 
information on movement of the little finger, see 
Section 9.12.)

FIGURE 5-24  A, Opposition of the thumb at the saddle (first carpo-
metacarpal) joint. B, Reposition of the thumb at the saddle joint.

A B

The cardinal plane component actions of opposition and reposi-
tion of the thumb are unusual in that flexion/extension and 
abduction/adduction do not occur in their usual planes; flexion 
and extension of the thumb occur in the frontal plane instead 
of the sagittal plane, and abduction and adduction of the thumb 
occur in the sagittal plane instead of the frontal plane. The 
reason for this is that the thumb rotated embryologically so that 
it can be opposed to the other fingers for grasping objects. This 
can be seen if you look at the orientation of the thumb pad 
when the thumb is in anatomic or resting position. You will  
see that the thumb pad primarily faces medially, whereas the 
pads of the other fingers face anteriorly. Therefore because of 
this embryologic rotation, flexion/extension and abduction/
adduction are named as occurring in planes that are 90 degrees 
different from the planes within which they usually occur.

BOX 
5-8
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5.24  RIGHT LATERAL DEVIATION/LEFT LATERAL DEVIATION

❍	 Right lateral deviation is defined as a movement 
at a joint that brings a body part to the right.

❍	 Left lateral deviation is the opposite of right lateral 
deviation; in other words, the body part moves to  
the left.
❍	 Right lateral deviation and left lateral deviation are 

movements that could be considered to occur in the 
frontal or the transverse plane.

❍	 Lateral deviation (to the right or left) can be 
an axial or nonaxial movement depending on the 
body part. (When the motion is axial, the move-

ment occurs around an axis; when the motion is 
nonaxial, there is no axis around which the motion 
occurs.)

❍	 Right lateral deviation and left lateral deviation are 
terms that are used for the mandible and the trunk 
(Box 5-9).

❍	 Lateral deviation of the trunk is an axial movement. 
Lateral deviation of the mandible at the temporo-
mandibular joints (TMJs) is a linear nonaxial 
movement.

FIGURE 5-25  Examples of lateral deviation (to the right or left). A, Left lateral deviation of the mandible 
at the temporomandibular joints (TMJs). B and C, Right lateral deviation of the trunk. In this scenario the hand 
is holding onto an immovable object and is fixed; when muscles such as the pectoralis major and latissimus 
dorsi contract, the trunk is laterally deviated to the right, toward the right arm. (Note: The arm has also flexed 
at the elbow joint.)

Left lateral deviationA

Right lateral deviationNeutral position CB

Lateral deviation of the trunk occurs as the reverse action of a 
muscle that crosses the glenohumeral joint from the arm to the 
trunk (e.g., the pectoralis major or the latissimus dorsi). When 
the arm stays fixed and the muscle contracts, the trunk moves 
toward the fixed arm. This movement can occur at the  
scapulocostal joint if the scapula is fixed to the humerus; in 

this case the trunk moves relative to the fixed scapula and arm. 
Alternatively, it can occur at the shoulder joint (i.e., glenohu-
meral joint); in this case the trunk and scapula move as a unit 
relative to the fixed humerus. (For more on reverse actions of 
the trunk at the shoulder joint, see illustrations in Section 
7.10.)

BOX 
5-9
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5.25  HORIZONTAL FLEXION/HORIZONTAL EXTENSION

❍	 Horizontal flexion is defined as a horizontal move-
ment in an anterior direction of the arm at the shoul-
der joint or thigh at the hip joint.

❍	 Horizontal extension is the opposite of horizontal 
flexion; in other words, a horizontal movement in a 
posterior direction of the arm or thigh.
See Figure 5-26 for an example of horizontal flexion 
and horizontal extension.

❍	 Horizontal flexion and horizontal extension are move-
ments that occur once the arm or thigh is first abducted 
90 degrees.
❍	 Horizontal flexion is also known as horizontal 

adduction; horizontal extension is also known as 
horizontal abduction.

❍	 Horizontal flexion and horizontal extension occur 
in the transverse plane.

❍	 Horizontal flexion and horizontal extension are 
axial movements that occur around a vertical  
axis.

❍	 The terms horizontal flexion and extension are useful 
terms created to describe horizontal movements of 
the arm and/or thigh that commonly occur in 
many sporting activities (e.g., a baseball swing or 
tennis forehand or backhand), as well as activities 
of daily life (e.g., reaching across your body to move 
an object or perhaps dusting a bookshelf).

FIGURE 5-26  Horizontal flexion and horizontal extension of a person’s 
left arm at the shoulder joint.

Horizontal
flexion

Horizontal
extension

5.26  HYPEREXTENSION

❍	 Hyperextension is a term that can be used in two 
different ways:
❍	 To denote movement that is beyond what is con-

sidered to be a normal or healthy range of motion
❍	 To describe normal, healthy extension beyond ana-

tomic position
❍	 The prefix hyper is used to denote a greater than normal 

or a greater than healthy amount of something. There-
fore hyperextension should theoretically mean an 
amount of extension of a body part at a joint that is 
greater than the normal amount or greater than the 
healthy amount of extension that the joint normally 
permits. That is the way in which the term hyperexten-
sion will be used in this book.

❍	 It should be kept in mind that “normal” and “healthy” 
are not necessarily the same thing. For example, it is 
normal for an elderly person in our society to have 
arteriosclerosis; however, the presence of this condi-
tion would not be considered healthy.

❍	 Whether or not hyperextension describes a healthy or 
unhealthy condition depends on the individual. For 
example, dancers or contortionists who have extremely 
flexible muscles and ligaments can hyperextend their 
joints; this hyperextension would certainly be beyond 
normal movement, hence the term hyperextension, but 
would not be unhealthy for these individuals. Another 
person might extend a body part at a joint much less 
than a dancer or contortionist would, and this move-
ment might result in a sprain and/or strain; this hyper-
extension having caused tissue damage would be 
considered to be unhealthy.

❍	 Given this reasoning, terms such as hyperflexion and 
hyperabduction could also be used in a similar manner 
to describe any movement that is greater than the 
normal or healthy amount that the joint normally 
permits.

❍	 However, another use of the term hyperextension exists. 
Hyperextension is often used to describe only the  

5-4
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FIGURE 5-27  Woman extending her arm (that was first flexed) at the 
shoulder joint toward anatomic position; she then “hyperextends” her 
arm beyond anatomic position. (Note: This book does not adopt this use 
of the term hyperextension.)

Extension

Hyperextension

Although use of the term hyperextension to denote extension 
beyond anatomic position is fairly common, it is not recom-
mended for two reasons:

1.	 It is inconsistent with the normal use of the prefix hyper 
(extending beyond anatomic position is not excessive or 
unhealthy).

2.	 It is not symmetric; no other joint action beyond 
anatomic position is given the prefix hyper (e.g., flexion 
beyond anatomic position is not called hyperflexion, 
abduction beyond anatomic position is not called 
hyperabduction, and so forth).

BOX 
5-10

 

(Figure 5-27). We will not be using this meaning 
for the term hyperextension; however, given how 
often the term is used in this manner, it is important 
that a student of kinesiology be familiar with it  
(Box 5-10).

5.27  CIRCUMDUCTION

❍	 Circumduction is a term that is often used when 
describing joint actions. However, circumduction is 
not an action; rather it is a combination of actions of 
a body part that occur sequentially at a joint.

❍	 Circumduction of an appendicular body part involves 
the frontal and sagittal plane actions of adduction, 
extension, abduction, and flexion (not necessarily in 
that order).

❍	 Circumduction of an axial body part involves the 
frontal and sagittal plane actions of right lateral 
flexion, extension, left lateral flexion, and flexion (not 
necessarily in that order).

❍	 A good example of circumduction is shown in 
Figure 5-28. The arm is seen to first adduct, then 
extend, then abduct, and then flex (at the shoulder 
joint). If each of these four motions is performed 
individually, one after the other, the distal end of 
the upper extremity will carve out a square, and  
it will be clear that four separate actions occurred 
(Figure 5-28, A). However, if the same actions are 
performed, but now the corners of the square are 

“rounded out,” the movement of the upper  
extremity will now carve out a circle (Figure 5-28, B 
and C).

❍	 Many people erroneously believe that circumduction 
is or involves some form of rotation. However, no rota-
tion occurs. In Figure 5-28, B the adductors first adduct 
the arm, then the extensors extend it, then the abduc-
tors abduct it, and finally the flexors flex it. In this 
example, it can be seen that circumduction of the arm 
involves no rotation.

❍	 The term circumduction is used regardless of the 
sequence of the movements (i.e., using Figure 5-28 as 
our example); it does not matter if the order is adduc-
tion, extension, abduction, and then flexion, or if the 
order is the opposite (i.e., extension, adduction, 
flexion, and then abduction). In other words, whether 
the circle is clockwise or counterclockwise in direction, 
a circle formed by a sequence of four axial movements 
is called circumduction.

❍	 The arm, thigh, hand, foot, head, neck, trunk, and 
pelvis can all circumduct.

particular phase of extension wherein a body part 
extends beyond anatomic position. In this terminol-
ogy system, the term extension is then reserved for 
the phase of motion wherein a body part that is first 
flexed, then extends back toward anatomic position 

5-5
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FIGURE 5-28  Circumduction of the arm at the shoulder joint. A, Four separate motions of circumduction 
carving out a square. B and C, Circumduction as it typically looks, carving out a circle (B is an anterior view; 
C is a superior view).

1

2
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CBA

5.28  NAMING OBLIQUE PLANE MOVEMENTS

❍	 An oblique plane movement occurs within an 
oblique plane.

❍	 An oblique plane is a plane that is not purely sagittal, 
frontal, or transverse (i.e., an oblique plane is a com-
bination of two or three cardinal planes).

❍	 Naming a joint action that occurs purely in a cardinal 
plane is simple. We simply name the action that 
occurred using one of the terms for movement that we 
have just learned. There is one joint action term that 
exists for each cardinal plane movement because these 
joint action terms are defined with respect to cardinal 
planes.

❍	 However, our body’s motions do not always occur 
within pure cardinal planes; we often move within 
oblique planes. When describing a movement that 
occurs within an oblique plane, it is a little more chal-
lenging because it is necessary to break the one oblique 
movement down into the components that can be 
described by cardinal plane movement terms.

❍	 For example, Figure 5-29 shows a person moving the 
arm in an oblique plane. This motion is occurring in 
only one direction; however, that direction is a com-
bination of sagittal plane flexion and frontal plane 
abduction. We do not have one specific term to 
describe this one movement; instead we must describe 
it with two terms by saying that the person has flexed 
and adducted the arm at the shoulder joint. By our 
description that includes these two terms, it may seem 
as if the person made two separate movements. In 
reality, the person made only one movement. However, 
for us to describe that one movement, we have to 

break that one oblique movement into two separate 
cardinal plane actions.

❍	 The order in which we say these two components is 
not important. We can say that the person flexed and 

FIGURE 5-29  Movement that is within an oblique plane that is 
between the sagittal and frontal planes. This one movement is described 
as flexion and abduction of the arm at the shoulder joint (or abduction 
and flexion of the arm at the shoulder joint; the order does not matter).

5-6
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adducted the arm at the shoulder joint, or we can say 
that the person adducted and flexed the arm at the 
shoulder joint.

❍	 An analogy can be made to geographic directions on 
a map. If a person is walking northwest, he or she is 
walking in one direction. In geographic terms, we can 
state this in one term, northwest, which gives the reader 
the sense that the person is, in fact, walking in one 
direction (Figure 5-30). However, in kinesiology termi-
nology, we do not combine our joint action terms into 
one-word combinations as we do in geographic termi-
nology. In the case of Figure 5-29, we cannot say that 

the person is “flexoabducting” or “abductoflexing.” 
Instead we say that the person flexed and abducted 
(or abducted and flexed). It is important to realize that 
the person only moved the arm in one oblique direc-
tion, but we describe this one oblique movement by 
breaking it up into its two pure cardinal plane action 
components.

❍	 Whenever a person moves a body part in an oblique 
plane that is a combination of two or three cardinal 
planes, we must separate that one oblique movement 
into its two or three pure cardinal plane movements. 
Figure 5-31 illustrates another example of this concept.

FIGURE 5-30  Person walking in a northwesterly direction. In geographic terms, this movement is described 
as northwest, instead of saying that the person is walking north and west (or west and north).

North
Northwest

South

EastWest

FIGURE 5-31  Movement occurring within an oblique plane. This oblique plane is a combination of all three cardinal 
planes; therefore the movement that is occurring has component actions in all three cardinal planes. The person is 
flexing, adducting, and medially rotating the right thigh at the hip joint (the order in which these three actions is listed 
is not important).
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  5.29  REVERSE ACTIONS

❍	 A reverse action is when a muscle contracts and the 
attachment that is usually considered to be more 
fixed—often termed, the origin—moves, and the 
attachment that is usually considered to be more 
mobile—often termed, the insertion—stays fixed (Box 
5-11).

❍	 As explained in Chapter 11 (see Section 11.2), when-
ever a muscle contracts and shortens, it can move 
either attachment A toward attachment B, or attach-
ment B toward attachment A, or it can move both 
attachments A and B toward each other. Generally 
speaking, one of the attachments, call it attachment A, 
will usually do the moving. This is because this attach-
ment, attachment A, weighs less and therefore moves 
more easily than attachment B (conversely, attach-
ment B is usually heavier and therefore more fixed and 
will not move as easily). When origin/insertion termi-
nology is used, this attachment that usually moves is 
called the insertion, and the other attachment that 
usually does not move is called the origin.

❍	 In Figure 5-32, A we see the brachialis, which is a flexor 
of the elbow joint (the brachialis crosses the elbow 
joint anteriorly, attaching from the arm to the forearm).

❍	 When the brachialis contracts, it usually moves the 
forearm, not the arm, at the elbow joint, because the 
forearm is lighter (i.e., less fixed) than the arm. Figure 
5-32, B illustrates the forearm moving when the bra-
chialis contracts; this action is called flexion of the 
forearm at the elbow joint.

❍	 However, in certain circumstances, such as doing a 
pull-up, the forearm might be more fixed than the 

Interesting to note, the mover action of a muscle that is consid-
ered to be its usual standard action is not always its most 
common mover action. Generally it is assumed that the distal 
attachment of a muscle of the appendicular body is the more 
movable attachment (i.e., the insertion). In the upper extremity, 
this is generally true. However, in the lower extremity we are 
usually in a weight-bearing position such as standing, walking, 
or running in which the feet are planted on the ground and 
therefore more fixed than the more proximal attachment. During 
the gait cycle (walking), for example, our feet are planted on 
the ground 60% of the time. Therefore reverse mover actions 
in the lower extremity actually occur more often than the stan-
dard mover actions that most students memorize in their begin-
ning kinesiology classes!

BOX 
5-11

FIGURE 5-32  A, Medial view of the brachialis 
muscle. B, Brachialis muscle contracting and 
causing flexion of the forearm at the elbow joint. 
C, Brachialis muscle contracting to do a pull-up. 
In this scenario the hand is fixed to the pull-up 
bar, so the forearm (being attached to the hand) 
is now more fixed than the arm; therefore the 
arm moves instead of the forearm. The resulting 
action is flexion of the arm at the elbow joint.  
D, Both attachments of the brachialis are moving, 
so both the forearm and the arm are flexing at 
the elbow joint.

Forearm

BA

DC

Arm
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arm, and the arm may do the moving instead. Figure 
5-32, C illustrates the arm moving at the elbow joint 
when the brachialis contracts; this action is called 
flexion of the arm at elbow joint. When the brachialis 
moves the arm instead of the forearm, it can be called 
the reverse action because it is the opposite action from 
the standard mover action that usually occurs (i.e., the 
arm is moving instead of the forearm). In origin/inser-
tion terminology the reverse action is said to occur 
whenever the origin moves instead of the insertion.

❍	 It should be emphasized that the reverse action of a 
muscle is always theoretically possible. Again, a muscle 

can always move either attachment A toward attach-
ment B or attachment B toward attachment A.

❍	 It is also possible for both attachment A and attach-
ment B to move. In other words, both the standard 
and the reverse mover actions can occur at the same 
time (Figure 5-32, D).

❍	 Understanding the concept of reverse actions of a 
muscle is not only fundamental to understanding how 
the musculoskeletal system works but also extremely 
important when working clinically so that we can best 
assess muscle contractions and how they relate to the 
client’s postures, movement patterns, and health!

5.30  VECTORS

❍	 A vector is nothing more than an arrow drawn to 
represent the line of pull of a muscle.

❍	 This vector arrow is drawn along the direction of the 
fibers of the muscle, from one attachment to the other 
attachment, and helps us visually see the action(s) of 
the muscle.

❍	 A vector has two components to it. The direction that 
the arrowhead is pointed tells us the direction of the 
line of pull of the muscle; the length of the stem of 
the arrow tells us the magnitude of the muscle’s pull 
(i.e., how far the muscle pulls its attachment). However, 
in kinesiology textbooks, vectors are often not drawn 
to scale because it is the direction of the muscle’s line 
of pull represented by the direction of the arrowhead 
that is usually of primary interest. Note: The direction 
that the arrowhead of a vector points can be reversed 
for reverse actions.

❍	 A very brief explanation of vectors can be helpful in 
understanding how to figure out a muscle’s  
actions.

❍	 If the muscle’s line of pull is in an oblique plane, 
vectors can be very helpful for breaking down and 
seeing the component cardinal plane actions of that 
muscle.

❍	 Figure 5-33 illustrates retraction (i.e., adduction) of the 
scapula at the scapulocostal joint. The direction of the 
line of pull of the muscle that is creating this action is 
shown by a vector, which is simply an arrow that is 
drawn pointing in the direction of the muscle’s line of 
pull. Vectors can be drawn for all muscle lines of pull. 
Vectors are valuable because they help give us a visual 
image of the muscle’s action.

❍	 In Figure 5-34, A we see that the rhomboids’ major and 
minor muscles also attach to and can move the scapula.

❍	 Figure 5-34, B shows a vector that has been drawn that 
demonstrates the movement that the rhomboids can 
have on the scapula.

❍	 In this case, as shown by the vector, the rhomboids’ 
pull on the scapula is diagonal (i.e., oblique). Therefore 
when the rhomboids contract, they pull the scapula in 
this diagonal direction.

FIGURE 5-33  Fibers of a muscle (the fibers of the middle trapezius 
muscle) that can move the scapula (at the scapulocostal joint). Also drawn 
is a vector that demonstrates the line of pull of the middle trapezius. The 
direction in which the yellow arrow is pointing represents the muscle’s 
line of pull; in this case it is medial. The fibers of the middle trapezius can 
pull the scapula medially (i.e., retract the scapula [at the scapulocostal 
joint]).
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❍	 Figure 5-34, C shows how this diagonal vector can be 
resolved into its component vectors. We see that to 
resolve a vector, we simply draw in the component 
vector arrows that begin at the tail of the vector arrow 
and end at the vector’s arrowhead.

❍	 When an oblique vector is broken down into its car-
dinal plane component vectors, it is said to be resolved. 
When resolving a vector, note that we must start at 
the beginning of the tail of the arrow and end at the 
arrowhead. Being able to resolve a vector that repre-
sents the oblique line of pull of a muscle is extremely 

helpful toward seeing the component cardinal plane 
actions of the muscle!

❍	 Each of these two component vectors represents the 
two component cardinal plane actions of this muscle. 
The horizontal component vector arrow shows that 
the rhomboids can retract (adduct) the scapula; the 
vertical component vector arrow shows that the rhom-
boids can elevate the scapula.

❍	 Figure 5-35 illustrates another example of resolving 
a vector arrow to determine the actions of another 
muscle (the coracobrachialis muscle).

FIGURE 5-34  A, Rhomboid muscles. B, Vector arrow drawn in yellow represents the direction of fibers and 
resultant line of pull of the rhomboids on the scapula. C, This vector arrow of the rhomboids resolved into 
component green vectors that represent the cardinal plane actions of the rhomboids.
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FIGURE 5-35  Vector analysis of the action(s) of the right coracobrachialis muscle. The yellow arrow repre-
sents the overall pull of the coracobrachialis on the arm at the shoulder joint. Resolving this vector, we draw 
in a vertical and a horizontal vector (drawn in green) that begin at the tail of the yellow arrow and end at the 
head of the yellow arrow. The vertical vector represents the muscle’s ability to flex the arm; the horizontal 
vector represents the muscle’s ability to adduct the arm. By resolving the vector that represents the line of  
pull of the coracobrachialis, we see that the coracobrachialis can both flex and adduct the arm at the  
shoulder joint.

REVIEW QUESTIONS

Answers to the following review questions appear on the Evolve website accompanying this book at: 
http://evolve.elsevier.com/Muscolino/kinesiology/.

1.	 What is the primary function of a joint?

2.	 What is the relationship between the stability and 
mobility of a joint?

3.	 What is the main function of a muscle?

4.	 What is the main function of a ligament?

5.	 What is the difference between axial and nonaxial 
motion?

6.	 Name two synonyms for axial motion.

7.	 What is the difference between rectilinear and 
curvilinear motion?

8.	 What is the difference between curvilinear motion 
and axial motion?

9.	 What are the three fundamental ways in which 
one bone can move along another bone?

10.	 What three things must be stated to fully name 
and describe a joint action?

11.	 What are the five major joint action terminology 
pairs used to describe motion?

12.	 What term is used to describe a movement of the 
scapula at the scapulocostal joint in which the 
glenoid fossa orients superiorly?

13.	 What term is used to describe an anterior 
movement of the mandible at the 
temporomandibular joints (TMJs)?

14.	 Within what plane does flexion generally occur?

15.	 What is the name of the axis for medial and 
lateral rotation movements?

16.	 What are the three component cardinal plane 
actions of opposition of the thumb at its saddle 
joint.

http://evolve.elsevier.com/Muscolino/kinesiology/
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17.	 What are the two manners in which the term 
hyperextension can be used?

18.	 Why is circumduction not an action?

19.	 How do we describe the actions of a muscle with 
a line of pull in an oblique plane?

20.	 What is a reverse action?

21.	 What is the reverse action of flexion of the right 
forearm at the elbow joint?

22.	 What is the reverse action of flexion of the left 
thigh at the hip joint?

23.	 What is a vector?

24.	 How can knowledge of vectors be helpful in the 
study of kinesiology?
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20.4  EXECUTION OF EXERCISE

❍	 Throughout the fitness world, there is a universal con-
sensus of terminology that is used to identify different 
variables of an exercise program. This section covers 
these variables and explains the reasons why they 
might be manipulated to help clients achieve their 
goals. These variables are volume, rep ranges, aerobic/
anaerobic, time under tension, tempo, rep max, rest 
interval, workload, and recovery.

VOLUME:

❍	 Volume is defined as the total amount of an exercise 
that is performed. Total volume is determined by the 
number of sets and repetitions performed of that 
exercise.
❍	 A set is the number of times a certain exercise is 

performed before one moves on to a different 
exercise.

❍	 A rep (or repetition) is the number of times that 
movement occurs without rest during the set.

❍	 When combined, the number of sets and reps of a 
particular exercise determines the total volume of that 
exercise. For example, three sets of 10 reps would equal 
a total volume of 30 reps; 10 sets of three reps would 
produce the same total volume as three sets of 10 reps. 
Mathematically the result is equal, but physiologically 
the two examples would yield different results. The 
best way to determine how many sets and reps are 
appropriate or necessary for an individual is based on 
several factors. The goals of the client should first 	
be analyzed to figure out what the best approach 
should be.

REP RANGES:

❍	 Typically, someone who is training to increase strength 
will attempt to lift a relatively heavy weight. This is 
commonly associated with low rep ranges (usually one 
to five). An athlete who competes in power lifting, 
Olympic weightlifting, strength competitions, or 
sports requiring a lot of explosive power will employ 
these lower rep ranges in their routines. Because this 
type of exercise requires short bursts of energy, the 
muscles do not undergo a significant amount of stimu-
lation before hypertrophy begins. Maximal strength is 
heavily reliant on the ability of the brain to send 
signals to as many motor units as it can in the muscle 

groups involved so that it can use as many muscle 
fibers as possible on command. Of course, once the 
brain has been trained to maximize these motor units, 
the muscle must become bigger in order to handle a 
heavier load. Muscles with a high ratio of fast twitch 
fibers tend to respond the best to this type of training. 
Once muscular hypertrophy begins, it can be accom-
plished in three ways:
❍	 Myofibrillar hypertrophy is the physiological 

process in which the muscle increases in (cross-
sectional) size because of an increase of contractile 
proteins (actins and myosins). Myofibrillar hyper-
trophy of a muscle tends to occur best in a repeti-
tion range of 8 to 14 but can be seen anywhere in 
5 to 20 reps. (Remember that tempo and ability to 
stimulate the muscle will play a role in how effec-
tive a rep is.)

❍	 Sarcoplasmic hypertrophy is the physiological 
process in which the sarcoplasmic fluid increases in 
volume, which creates a larger muscle without an 
increase of strength. Sarcoplasmic hypertrophy of 	
a muscle tends to occur most predominantly in 
higher repetition ranges (usually 10 to 20). Myofi-
brillar hypertrophy and sarcoplasmic hypertrophy 
occur simultaneously, but the degree to which they 
occur depends on the repetition ranges and total 
volume.

❍	 Myofibrillar hyperplasia is a physiological 
adaptation that results in an increase in the number 
of muscle fibers within a muscle. Although it is not 
yet entirely understood, this phenomenon is 
thought to occur as a result of the action of growth 
hormones such as IGF-1 and human growth 
hormone. Stretching and inflammation can also 
cause a similar effect. In some cases the cause of 
hyperplasia is unknown.

❍	 If the goal of the client is to increase strength endur-
ance, then a different strategy should be employed. 
Strength endurance is defined as the ability of the 
muscle or muscle groups to repeat a certain motion for 
an extended period of time, whether it is for one 
minute or several hours. Repetitions can range from 
15 to as many as the body can handle. Running, for 
example, requires strength endurance of several 
muscles in the body, even though it is often called 
cardiovascular exercise and is associated with only the 
heart and lungs. Muscles that are composed of a high 

with a free weight barbell, the trajectory of the bar is 
not strictly up and down. As a matter of fact, no single 
free weight barbell bench press is identical to another. 
The brain will alter the path of the bar ever so slightly 
in order to distribute the stress of the load differently.

❍	 Furthermore, some machines have limited adjustment 
settings, and the client may find that he or she 	
does not fit properly when seated. For these reasons, 
choosing a machine for some exercises may not be 
optimal.
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❍	 Aerobic exercise is an exercise that is performed 
for a sustained period of time. After the body has 
exhausted its resources of free adenosine triphos-
phate (ATP), creatine phosphate (CP), and glycogen 
to fuel the muscles, it must use oxygen to convert 
glucose and glucose derivatives created from fats, 
proteins, and other carbohydrates into usable ATP. 
The exercise is described as aerobic because of the 
dependence of the muscles on oxygen

❍	 Anaerobic exercise is an exercise that is per-
formed for a short period of time. The muscles are 
fueled by free ATP, CP, or glycogen. The exercise is 
described as anaerobic because of the ability of the 
muscles to function without the presence of oxygen.

❍	 Our muscles have an immediate supply of ATP, which 
is ready to be used at any given moment. This stored 
supply of ATP is responsible for approximately the 
initial 2 to 3 seconds of muscle contraction. Because 
the storage supply of ATP in the muscle is limited, the 
body must be able to regenerate ATP quickly in order 
to sustain an exercise. ATP regeneration can occur 	
in three ways. The first method, known as the 	
phosphate system, occurs via a transfer of energy 
from stored CP molecules. This process occurs for 
approximately 30 seconds. The second method involves 
the process of breaking down glucose (a simple 	
sugar carbohydrate) in the sarcoplasm and is termed 
anaerobic glycolysis. This can help supply energy 
to a muscle for approximately 30 to 120 seconds. The 
third method, known as the Kreb’s cycle, involves 
the oxidative system of breaking down glucose into 
ATP in the mitochondria. This method is prevalent in 
aerobic exercise. This process of oxidizing sugars into 
energy yields a large number of ATP molecules and is 
predominately responsible for fueling a muscle for 
periods longer than 2 minutes (Figure 20-26; Box 20-9).

TIME UNDER TENSION AND TEMPO:

❍	 When performing a chosen number of repetitions in 
a given set, the muscles involved are under tension for 
a certain amount of time. This is commonly referred 
to as time under tension (TUT). The ability of a 
muscle to contract relies on its ability to create binding 
sites on the actin for the myosin heads to attach onto, 
creating cross-bridges. When the muscle can no longer 
create these cross-bridges, it becomes fatigued, and 
nociceptors begin to send pain signals to the brain. 
This is imperative to injury prevention because it is a 
sign of temporary damage to the muscle fibers, which 
need a short amount of rest in order to function prop-
erly again. Through adequate training, rest, and nutri-
tion, clients can be conditioned to increase the amount 
of time under tension their muscles can experience 
before total fatigue sets in. Time under tension is 
reliant on both the number of reps in the set and the 
tempo at which the reps are performed. Those who 

There is strong evidence that to some degree the fiber type 
within a muscle can be altered through physical training. Within 
the classes of fast and slow twitch fibers, there is a class of 
intermediate fibers that display characteristics of one or both of 
these fiber types. Slow twitch intermediate fibers, which have a 
relatively large number of capillaries to supply oxygen to a 
muscle, when properly exercised, can be hypertrophied, result-
ing in a larger diameter of the muscle fiber. If the muscle fiber 
itself hypertrophies and its capillary supply does not increase, 
then its relative proportion of muscle mass to capillary increases 
and it is altered to behave more like a fast twitch fiber. By 
contrast, a fast twitch intermediate fiber has a relatively low 
concentration of capillaries. If exercise results in an increase in 
the capillary supply and the muscle fiber mass does not increase, 
then its proportion changes in the opposite direction and it 
behaves more like a slow twitch fiber. In other words, the type 
of exercise performed can be suited to preferentially increase 
either the muscle fiber size (anaerobic exercise) or the capillary 
supply (aerobic exercise). These fibers are sometimes referred to 
as hybrid fibers because of their transitional qualities.

 
BOX 
20-8

 

ratio of slow twitch muscle fibers tend to respond best 
to this type of training. By teaching the brain to signal 
only the minimum number of motor units needed to 
complete each stride, we let the others recover so that 
the muscle can continue to be supplied with constant 
energy (Box 20-8).

❍	 It is important to note that although there are com-
monly accepted repetition ranges for a desired result, 
there is a large gray area that must be accounted for 
when designing a program—that is, it is very hard to 
isolate one desired result of resistance training from 
another. Training to increase the maximal strength of 
a muscle may also result in an increase of its endurance 
capability. Similarly, training to increase the endur-
ance of a muscle may also result in an increase in its 
maximal strength. Hypertrophy of a muscle can occur 
from several combinations of sets and reps and will 
ultimately be determined by hormonal and nutritional 
factors that occur post-workout. Using a combination 
of sets, reps, and exercises is typically the best option 
for maintaining health in many aspects as well as for 
preventing burning out with one single method of 
training.

AEROBIC VERSUS ANAEROBIC EXERCISES:

❍	 By altering repetition ranges, it is possible to manipu-
late the source of energy that is used by our bodies to 
fuel our muscles. In discussion of these energy systems, 
exercise can be categorized into aerobic exercise 	
and anaerobic exercise (see Section 10.7 for more 
information).
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Energy Systems
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FIGURE 20-26  Adenosine triphosphate (ATP) is a 
source of energy that is stored in our muscle cells and is 
immediately available to fuel a muscle. Because we can 
store only a limited amount, our bodies must be able to 
regenerate it. ATP regeneration can be accomplished via 
the phosphate system, anaerobic glycolysis, and the Kreb’s 
cycle. S, Seconds; m, minutes.

By using a heart rate monitor during exercise, it is possible (to a 
degree) to keep track of which energy system you are working 
in. The Karvonen formula, developed by Dr. M. Karvonen, 
offers a semiaccurate way of determining percentages of your 
maximum heart rate. By knowing these numbers, it is possible to 
monitor how hard you are exercising and which source of energy 
you are using during exercise. The formula is as follows: Subtract 
your age from 220; this number is termed the maximum heart 
rate. Now subtract your resting heart rate from the maximum 
heart rate, which will give you your heart rate reserve. Now, to 
find 80% of your maximum training heart rate, multiply your 
heart rate reserve by 0.80 and then add your resting heart rate 
again. This number is generally considered to be the peak exer-
cise level that is safe for an individual. Some sources advocate a 
different percentage, ranging from 65% to 85% instead of a rigid 
80%. The level of conditioning of the athlete will affect what this 
percentage is. As a general rule of thumb, elite athletes can train 
at a higher percentage of their maximal heart rate than can 

individuals who are unconditioned. The following is an example 
of calculating a client’s training heart rate.

Brian is 26 years old and has a resting heart rate of 72. The 
formula for Brian would look like this:

220 26 194− = ( )maximum heart rate

194 72 122− = ( ) heart rate reserve

Therefore 170 would be roughly 80% of Brian’s maximal 
training heart rate. To find a different percentage, simply replace 
the 0.80 with a different number.

It is important to note that this formula is meant as a general 
guideline and should be treated with caution. For high-perform-
ing athletes, people taking certain prescription medications, and 
special populations including children and the elderly, this formula 
may not produce accurate parameters.

122 0 80 98 72 170 80× = + = ( ). %  of maximum training heart rate

 
BOX 
20-9

 

train to increase the size of their muscles tend to pay 
attention to this training variable, although no con-
crete studies have been able to conclude an optimum 
time under tension.

❍	 Tempo is the speed at which an exercise is performed. 
It is typically categorized into three separate parts: 
eccentric tempo, isometric tempo, and concentric 
tempo. In most exercise programs it will be listed in 
the order of eccentric, isometric, and concentric; 3-2-1, 
for example, would refer to a 3-second eccentric count, 
a 2-second isometric count, and a 1-second concentric 
count. A set of 10 repetitions using this 3-2-1 tempo 
would result in a total time under tension of 60 
seconds. If the tempo signature were altered to 2-1-1, 

the total time under tension would be only 40 seconds, 
and the number of reps would need to increase to 15 
in order to match the previous example.

❍	 Tempo is a subject of debate among some fitness 
experts. Although a variety of tempos can be used for 
an exercise and produce good results, there is a general 
consensus that during the concentric portion of the 
movement, the client should contract his or her 
muscles as quickly as possible in order to maximize 
stimulation. Although this might result in a fast move-
ment, it is important to control the speed enough to 
properly stabilize the weights, as well as to prevent 
hyperextension of the joints. The tempo of the eccen-
tric contraction is important because if the muscles do 
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FIGURE 20-27  This figure shows a weightlifter who has completed his 
lift and is about to drop the weight back to the platform. Because the 
event is graded when the bar is held and steadied overhead, there is no 
need for the athlete to expend energy to lower the bar in any sort of 
controlled fashion. (Courtesy Leif Edmundson, CrossFit Journal.)

not slow the movement of the weight to its original 
position, they do not receive as much stimulation. For 
example, allowing gravity to bring a dumbbell down 
from a standing biceps curl does not have the same 
benefit as using the muscles involved to slowly lower 
the weight. Not only does it increase the total time 
under tension of the muscles, but it also helps prevent 
injury by allowing the load to transfer slowly onto the 
closed elbow joint as the arm straightens.
❍	 Olympic weightlifters rarely use eccentric contrac-

tions in their training because the two lifts in which 
they compete—the snatch and clean and jerk—rely 
on concentric-only movements. The plates are 
covered in rubber coating, and the lifter will either 
dump the weights onto a platform or rack them on 
a stand (Figure 20-27). Spending energy on lowering 
the bars is wasted energy and is better used on the 
explosive concentric movements involved in their 
lifts. This helps by allowing the athlete to handle a 
much higher-volume workout and preserve cellular 
energy for a longer period of time.

❍	 The isometric tempo is important because it controls 
what is known as critical point acceleration.

❍	 Critical point acceleration is defined as the tran-
sitional point at which the muscle is stretched to its 
safe limit and transitions back into a state of shorten-
ing. This involves both the stretch reflex and elastic 
energy (recoil) of the myofascial tissue. An athlete 
training for a sport uses this to advantage by transmit-
ting power from the stretched state of the muscle to 
its concentric contraction. Examples include the back-
swing in tennis, golf, or baseball. It is important to 
move immediately from the backswing to the concen-
tric contraction to take advantage of the stretch reflex. 
It has been shown that a muscle can contract with 
greater strength if it is actively stretched before it is 

shortened. If a pause is added between the stretch of 
the muscle and its concentric contraction, the advan-
tage of the stretch reflex is lost. Without this advan-
tage, stimulation of the muscle will have to increase 
in order for the same load to be lifted.

REP MAX:

❍	 By principle, the heavier the load that is applied to a 
muscle, the shorter time under tension it is able to 
endure. When figuring out how much weight to use 
for a given exercise, it is important to determine what 
is known as a rep max (repetition max).

❍	 A rep max (RM) is defined as the maximum number 
of times an exercise can be performed in succession 
before total fatigue sets in. If a strength athlete is train-
ing to lift a heavy stone off the floor, and the heaviest 
stone the athlete is able to lift is 200 lb, then that 
athlete’s 1 rep max (1 RM) is 200 lb. If the athlete can 
lift a 150-lb stone off the ground five times in a row, 
then the 5 RM is 150 lb. Determining these numbers 
is very important because it helps determine how 
much weight should be used for a given exercise. Many 
athletes train by using percentages of their 1 RM for a 
given movement. This method is used to gauge perfor-
mance as well as prevent injury by using the appropri-
ate amount of weight for the given lift (Box 20-10).

It should be noted that it is not always necessary to attempt 
1 RM, as there are many calculation formulas available (many 
can be found online) to help determine what that number might 
be. Although these calculation formulas may not be 100% 
accurate, they are useful for providing initial guidelines to a new 
client until the client has built up the strength necessary to 
perform a maximum effort 1 RM lift. Depending on the goals of 
the client, knowing a true 1 RM may or may not be useful or 
necessary.

Application
Brent and Claudio are identical in weight and height. Brent has 
a 1 RM bench press of 250 lb and a 20 RM of 100 lb. Claudio 
has a 1 RM of 225 lb and a 20 RM of 120 lb. Who is stronger? 
The answer might depend on how we define strength.

❍	 Is Brent stronger than Claudio because he can bench 
press more absolute weight?

❍	 Could Claudio train his 1 RM to be stronger than 
Brent’s by altering his program?

❍	 Could Brent train to bench press 100 lb for a 30 RM 
without affecting his 1 RM of 250 lb?

❍	 If Brent increased his 1 RM to 300 lb, would that have 
an indirect effect on his 20 RM?

Being able to analyze scenarios such as these is important 
to a trainer so that he or she has a good understanding of how 
various training programs can influence clients in different ways.

 
BOX 

20-10
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REST INTERVAL:

❍	 The amount of time spent at rest between sets and 
exercises plays an important role in the overall workout. 
The determining factor in deciding how much time to 
rest is dependent on the goals of the individual. The 
term for describing the period of rest between exercises 
or sets is known as a rest interval.

❍	 As discussed earlier, a muscle fatigues when it can no 
longer form bonds between the myosin heads and 
actin filaments. When the muscle is at rest, blood 
carries oxygen and nutrients (such as glucose) back into 
the muscle cells and removes the waste products that 
have built up and damaged the tissues. The extent of 
this recovery is based on the amount of workload put 
on the muscle and the ability of the individual to 
recover. The more experienced one is with the exercise 
program, the quicker he or she will recover. Typical 
muscle cellular recovery time is estimated to be approx-
imately 60 to 90 seconds. The central nervous system 
is believed to recover approximately twice as slowly 	
as the muscle tissues and can take up to 5 minutes to 
be restored to normal levels. As the body becomes 
stressed repeatedly throughout the workout, the recov-
ery is slower and the level of recovery is lower. It is 
important to realize when performance is suffering 	
to a point at which progress can no longer be made. 
Many trainers set measurable limits on an athlete’s 
performance standards to judge when the workout 
should be finished. For example, an elite sprinter may 
run a series of sprints while being timed. When the 
athlete can no longer run under a certain time, which 
is determined by a percentage of the athlete’s best 	
time, the workout will change gears or be altogether 
terminated.

WORKLOAD:

❍	 After determining the number of sets and reps for a 
given exercise, one must determine the number of 
exercises to include in the workout. The total number 
of exercises performed is typically referred to as the 
workload.
❍	 Workload is dependent on many individual factors. 

Experience of the client, ability to handle volume, 
and ability to recover are variables that can take a 
lot of time to figure out and can change from week 
to week. Diet, sleep, stress, and other lifestyle factors 
can affect how much workload can be handled on 
any given day. Developing a program that stresses 
the body to a high level and allows enough time to 
recover properly is a delicate balance that requires 
a high degree of awareness and flexibility from the 
trainer as well as the client.

❍	 The order in which these exercises occur is also of great 
importance and again relies on several individual 
factors. Typically, the lifts that require the highest 

Have you ever wondered why a triathlon begins with swimming 
and finishes with running? This is done for safety reasons; the 
odds of drowning are less if the swimming is done first than if 
the swimming occurs after the athletes have already biked and 
ran. Biking is done second because of the danger of falls and/
or pileups. Of course, there is still danger while running, but it 
is chosen to be last because of its relative safety compared with 
the other two events.

 
BOX 

20-11
 

degree of concentration and coordination should be 
performed early in the workout (Box 20-11). These lifts 
tend to be compound movements such as barbell 
squats or explosive, technical movements such as the 
power clean  . Of course, many programs 
begin with a general warmup consisting of mobiliza-
tion and or stabilization drills, and the selection of 
these exercises should be based on individual prefer-
ence. As the workout progresses and the body begins 
to fatigue, the ability to perform at a high level will 
diminish. The effects of this decrease in performance 
can be seen most clearly in exercises that use similar 
movement patterns, but even exercises that use differ-
ent muscle groups may still cause the client to exhibit 
signs of exhaustion. For example, if a client were to 
perform a series of pull-ups and push-ups to a point of 
failure and then attempt a 1 RM squat, the amount of 
weight would be compromised because of fatigue 
within the central nervous system. It is important to 
realize and respect the distinct connection between 
our brains and our muscles.

❍	 A technique known as pre-exhaust is popular 
among bodybuilders and is described as performing 
an isolation exercise to fatigue a certain muscle 
before using it again during a compound exercise. 
An example of this method is to use a seated chest 
fly machine   to stimulate the pectoralis 
major and anterior deltoid before performing a 
bench press  . The thought process is that 
these two muscles will experience increased activa-
tion and therefore be better strengthened during 
the compound exercise because they were already 
exercised via an isolation exercise. In fact, this is not 
the case, and it can actually be dangerous to prac-
tice this technique. When certain muscles in a 
chain of muscles are not able to function to the 
same level as other muscles, the movement pattern 
is altered, and/or synergist muscles will have to 
make up for the strength deficiencies. This could 
result in a muscle strain, or, even worse, the weight 
could be mishandled and dropped, causing bodily 
injury. For these reasons, it is best to prioritize work-
outs for your client in a way that accounts for these 
variables.
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❍	 Genetic factors: Genetic factors that are beyond 
one’s control play a role in the efficiency of our 
bodies to recover.

❍	 Workload: The amount of stress placed on our 
tissues during exercise determines how long it will 
take to recover.

❍	 Adaptation: As the body becomes accustomed 
to certain movements, it will be able to recover at 
a quicker rate because it will have already adapted 
to the stress demands required to complete the 	
task.

❍	 Stretching and active recovery: There is evi-
dence supporting that postexercise stretching can 
enhance the ability of a muscle to be repaired. 
Another technique, known as active recovery, 
involves performing light cardiovascular exercise to 
increase blood flow to damaged tissues.

❍	 Soreness: Although it is not necessary to feel sore-
ness after exercise, localized soreness can be a good 
indicator that a muscle has experienced the neces-
sary microtearing of its myofascial tissue that is 
necessary to allow for hypertrophy to occur. It is 
important to pay attention to this soreness because 
it is a warning that our body is in a state of recovery 
and may not perform up to its full potential. Much 
like swelling that occurs around an injured joint to 
decrease its range of motion, preventing overuse 
and further tissue damage, muscle soreness alerts us 
that our body is in the process of healing and 
further use is not wise. Delayed onset muscle 
soreness or DOMS is a term used to describe 
muscle soreness felt for a period of time after a 
workout. DOMS can last up to several days.

RECOVERY:

❍	 After a workout is completed, the body must go 
through a period of rest and recovery before it is ready 
for another workout. Rest allows our body to recover 
and repair itself from the stresses placed on it during 
exercise. Therefore, rest is an integral and vital part of 
a workout routine, and should be treated with respect 
equal to that afforded the physical act of working out.

❍	 Following are some of the factors that determine the 
amount of time needed for the body to recover to a 
point at which performance will again be adequate.
❍	 Hormones: At any given moment our bodies are 

either in a hormonal state of breakdown or recov-
ery. During the course of the day our bodies release 
chemicals such as adrenaline and cortisol, which 
are known as stress hormones. During sleep, we 
secrete growth and repair hormones such as mela-
tonin and human growth hormone (HGH).

❍	 Nutrition: Proper vitamin and mineral intake, as 
well as a sufficient number of calories from macro-
nutrients (carbohydrates, fats, and proteins) and 
proper hydration affect the ability of the body to 
repair damaged tissue.

❍	 Supplements and medications: There is evi-
dence that certain supplements can speed up the 
body’s recovery process. Furthermore, over-the-
counter and prescription medications may interfere 
with certain physiological processes in the body.

❍	 Immune system: The ability of our body to fight 
off pathogens and maintain body temperature will 
keep our metabolisms healthy so that nutrients can 
be absorbed properly.

20.5  EXERCISE TECHNIQUE

❍	 Exercise variety is a wonderful tool that can keep work-
outs fun and interesting, as well as teaching the body 
new movement patterns and motor skills to stimulate 
growth and prevent injury. Although there are many 
resources available that list specific exercises with very 
specific guidelines as to how to perform them, it is 
important to realize that there is an infinite number 
of possibilities when it comes to training the body. 
Any movement imaginable can be placed under exter-
nal resistance and by definition will become an exer-
cise (Box 20-12).

❍	 In this section, the following aspects of exercise tech-
nique are discussed: joint angle and gravity, range of 
motion, proper form, and training for specificity.

JOINT ANGLE AND GRAVITY:

❍	 Are all exercises created equally? When looking at the 
execution of an exercise, it is important to note the 

It should be noted that just because something can be done, it 
does not mean that it should be done. There are many move-
ments that put a great amount of stress on our joints and soft 
tissues, and by adding resistance to these movements we put 
ourselves at risk for injury. Trainers should try to be aware of 
their client’s preexisting injuries, imbalances, and/or dangerous 
tendencies. It is critically important to use your knowledge and 
problem-solving skills when working with a client to overcome 
these obstacles.

 
BOX 

20-12
 

body position relative to the joint or joints in motion 
and determine if it will have any effect on the outcome 
of the movement. For example, a biceps curl while 
seated on an inclined bench will have a different 	
effect than a preacher biceps curl in which the client 
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A

B

FIGURE 20-28  A biceps curl performed in two different setups. In A 
we see that the shoulder joint is in a position of slight extension, which 
will alter the length-tension relationship of the two heads of the biceps 
brachii, putting them into a stretched state. In B a preacher biceps curl is 
being performed and we can see that now the shoulder joint is in a posi-
tion of flexion, putting the two heads of the biceps brachii into a shortened 
position.

is standing with his (upper) arm resting on the inclined 
bench (Figure 20-28).
❍	 The biceps curl is considered to be a single-joint, 

isolated exercise. Elbow joint flexors are called 	
on to curl the weight up to shoulder level, and 
shoulder joint extensors and wrist joint flexors are 
called on to stabilize the shoulder joint and wrist 
joint from moving, respectively. In Figure 20-28, A, 
the inclined biceps curl, the shoulder joint is in a 
position of slight extension, which causes a length-
ening of the muscles that cross the shoulder joint 
anteriorly, including the two heads of the biceps 

brachii. Because free weight is being used, the 
moment arm of the resistance changes during the 
range of motion because of the gravitational pull as 
the weight is being lifted. This stimulates the muscle 
in a unique way. By contrast, in Figure 20-28, B, the 
preacher curl uses a pad placed in front of the client 
that puts the shoulder joint in a position of flexion, 
which once again changes the moment arm. This 
technique of manipulating the length of a muscle 
before an exercise works only for a muscle that 
crosses more than one joint. This type of muscle is 
described as a multijoint muscle. An example 
would be the two heads of the biceps brachii, which 
attach proximally to the scapula and distally to the 
radius, thereby crossing the shoulder, elbow, and 
radioulnar joints. By contrast, a muscle that crosses 
only one joint is described as a single-joint 
muscle. An example would be the brachialis, which 
serves a function similar to that of the biceps brachii 
but crosses only the elbow joint.

❍	 This is just one example of how to manipulate exercise 
by altering body position. There are an infinite number 
of possibilities to explore, and many of these options 
may prove to be helpful in finding ways to work 
around injury or train a muscle in a way that can 
translate to a specific function or activity. For example, 
an injury to the shoulder joint can limit the angles at 
which the client can perform certain exercises using 
the extremities. Client feedback can be very useful to 
the trainer so that the trainer is able to find an exercise 
that accomplishes the goal without causing further 
trauma to the injured area.

RANGE OF MOTION:

Range of motion is defined as the amount of joint 
movement that is performed. When learning a new exer-
cise or teaching a new exercise to a client, it is important 
to be aware of the mobility of the joints involved with 
that movement. Performing a new exercise with no exter-
nal resistance is considered the best way to assess the 
range of motion that should be used (Box 20-13).

Often a joint can appear to be in motion when it actually is not. 
This is commonly referred to as a compensation. Compensa-
tions occur when a joint can no longer move, as a result of 
restriction or neural inhibition, and other joints begin to move 
in order to complete the task. An example of this is laterally 
flexing the spine to the opposite side while abducting the arm 
at the shoulder joint to lift the hand above the head. Trainers 
should be conscious of these tendencies and attempt to cue the 
client so that compensations are eliminated or minimized.

 
BOX 

20-13
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A

B

FIGURE 20-29  By analyzing a muscle’s function it is possible to deter-
mine an exercise that will stimulate it in an optimal way. In both A and 
B, the pectoralis major is engaged to lift the weight. However, in B, the 
arms are also medially rotated, further engaging the pectoralis major.

❍	 As a general rule, the heavier the load used for an 
exercise, the shorter the range of motion that is 
performed. The reasoning behind this is to keep the 
weight within the strongest phase of the range of 
motion (see length-tension relationship curve in 
Section 14.5). This helps to prevent injury to the 
connective tissues. For example, a client may be 
able to perform a barbell bench press using 200 lb 
by lowering the bar all the way to the chest and 
bringing it back up to the starting position. This is 
using a full range of motion. The same client may 
be able to lower 250 lb to a point 3 inches above 
the chest but would be unable to perform this lift 
with a full range of motion. This is commonly 
referred to as a partial rep. The benefit of a partial 
rep is that the muscle can be stimulated with a 
heavier load while not putting excess stress on the 
connective tissues of the joints involved. Incorpo-
rating partial reps into a rehabilitation program can 
be useful by gently stimulating a muscle while 
slowly increasing range of motion over time until 
full range of motion is restored and strengthened 
(Box 20-14). The disadvantage is that by training 
with only partial reps, the muscles are not stimu-
lated throughout a full range of motion, and this 
can lead to strength imbalances.

With regard to rehabilitation technique, there are three succes-
sive steps that are typically used by physical therapists when 
training an injured muscle into recovery. The first variable is to 
slowly increase the range of motion of the joint(s) through 
various techniques. The next step is to increase the speed at 
which the joint is moved with no external resistance applied. 
The final step is to add external resistance to the motion. By 
combining these steps, one can attempt to gradually heal a 
muscle until its function improves sufficiently.

 
BOX 

20-14
 

PROPER FORM:

❍	 Form is defined as the specific way in which an exer-
cise is performed. Proper form is a term designed to help 
a new client execute an exercise safely and effectively. 
With so many resources available today to gather 
information, determining what exactly is proper form 
can be a great source of confusion. Once the goal of 
the client has been determined, two questions must be 
asked and answered. What exercise will best achieve 
the desired result? And What is the safest way to 
perform it? By looking at the actions of muscles and 
the abilities of the individual, one can determine 
proper form through simple logic and trial and error.
❍	 Subtle changes in an exercise can have an effect on 

its outcome. For example, through medial rotation 

of the shoulder joint so that the palms face away 
from the head during the concentric portion of a 
dumbbell bench press (Figure 20-29), the move-
ment pattern calls on another one of the functions 
of the pectoralis major. By analyzing the actions of 
each muscle, one can deduce how certain motions 
may better suit the desired goal.

Breaking the Rules:
❍	 One term that has been given an undeservedly bad 

reputation because of its name is cheating.
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❍	 Cheating can be defined as a form of compensation 
by engaging synergist muscles to assist in completing 
an exercise in order to take stress off the target 
muscle(s). This technique is often achieved by con-
tracting these other muscles in an explosive manner, 
creating a momentum of the body that assists in 
moving the weight. The word has a negative connota-
tion because it implies that the individual is cheating 
oneself out of a good workout. While this may be true, 
it is not necessarily so.

❍	 If the goal of the client is to stimulate the elbow joint 
flexors by performing a dumbbell biceps curl, then the 
full focus should be on performing the movement with 
little or no assistance from muscles at other joints in 
the body. If the client begins to sway the body and 
incorporate movement from the legs, hips, low back, 
and shoulder joints, the load of the dumbbell will be 
transferred away from the elbow joint flexors, lessening 
their stimulation. Many consider this to be cheating, 
and therefore an inferior method of training. Cheating, 
however, can also be beneficial because these synergist 
muscles are stimulated and therefore strengthened. In 
this manner, various muscle groups are coordinated 
together and the body is trained to work as one cohe-
sive unit. Therefore if the goal of the exercise is to 
engage and work only the target muscle group, cheat-
ing is not recommended. If the goal is to work and 
engage many muscle groups, and/or simply to achieve 
movement of the weight, then cheating can be desired.

❍	 One method, made popular among athletes, is to 
employ cheating to engage a broad movement pattern 
in the body. An example of this is the power 
clean  . When performing this exercise, the 
goal is to lift a loaded barbell off the floor and bring it 
to shoulder level. This is best achieved by not only 
lifting the barbell up explosively, but also by lowering 
the body underneath it and catching it against the front 
of the shoulders. The concept of cheating here is fully 
applied, as the more one can learn to use gravity and 
momentum to bring the weight into the air, as well as 
the technical aspect of being able to lower the body 
under the bar while it is in motion, the heavier the 
load that can be lifted. Olympic weightlifters train 
primarily by this method, and the judges who grade 
them in competition certainly do not recognize this 
style of exercise as “cheating” (Box 20-15).

❍	 One theory is that a client may find benefit in starting 
an exercise set with strict form and finishing it with 
cheating. The reasoning behind this is that the client 
can work with a heavier weight, which then allows the 
eccentric portion of the movement to be trained more 
extensively (remember that the eccentric portion of a 
movement is capable of handling the heaviest load).

Advanced Techniques:
❍	 When strict form is desired but the client wishes to 

challenge himself or herself further, a few other tech-
niques can be employed (Box 20-16).

The events performed in Olympic weightlifting are considered to 
be power exercises. Power is the ability of the muscle to produce 
force while maximizing the velocity of its contraction. Studies 
have shown using a load that is approximately 1

3  of a client’s 
1 RM is optimal for increasing maximum power production. 
Interestingly enough, the sport of powerlifting, which involves 
the squat, bench press, and deadlift events, requires less than 
1

2  of the power production required in the Olympic weightlifting 
events, the snatch and the clean and jerk  .

 
BOX 

20-15
 

When employing advanced techniques, clients often describe a 
burning sensation in the muscles during an exercise (not to be 
confused with the delayed onset muscle soreness which occurs 
after the workout). This is most likely because the total time 
under tension is increased beyond a typical set and is extended 
to a point of exhaustion and/or muscle failure. Although it has 
been thought for years that this burning sensation (also known 
as acidosis) is caused by a buildup of lactic acid in the muscles, 
it has been recently determined that this is not true. In fact, 
lactic acid is not even involved in the acidosis process. Lactate, 
which is found in the blood, is used interchangeably (and incor-
rectly) with the term lactic acid. Lactate is not an acid, and in 
fact its release into the muscle is thought to neutralize the 
acidosis effects that are taking place. The real culprit of the burn 
is the splitting of ATP molecules, which releases a positively 
charged hydrogen ion. When the accumulation of this buildup 
overpowers the body’s ability to remove it from the blood-
stream, the muscle will lose its ability to contract and a burning 
sensation will be felt.

 
BOX 

20-16
 

❍	 Rest/pause is a technique that involves perform-
ing a set of an exercise until it can no longer be 
performed with proper form. The client finishes the 
exercise, rests for a few seconds, and then begins 
the exercise again, doing another few reps, until 
muscle failure is reached. This technique can help 
increase strength endurance as well as build muscle 
tissue.

❍	 Drop sets are a technique in which the client per-
forms an exercise with a relatively heavy amount of 
weight. When the set has been completed, a per-
centage of the weight is immediately removed and 
the client performs another set of the same exercise. 
Typically, 20% to 50% of the weight will be removed, 
depending on the goals of the client. Several drop 
sets can also be performed in succession, which will 
result in a high level of muscular fatigue. Strength 
endurance and increased muscle mass can be 
achieved through this technique.
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❍	 Supersets are a technique in which the client 
performs two different exercises in succession, with 
the intention of working the same muscle groups. 
Examples include performing a set of a barbell 
bench presses and then immediately performing a 
set of push-ups. Plyometrics can also be employed 
using this technique. An example of this would be 
performing a set of barbell squats, followed by a set 
of squat jumps. Some people define supersets as 
performing two exercises in succession that involve 
completely different muscle groups.

❍	 Assistance lifts are exercises that are designed 
to help with other exercises. The most common 
application of this technique is employed by 
Olympic weightlifters and competitive powerlifters. 
The idea is to break down a lift, such as the clean 
and jerk, into different segments and focus on an 
exercise that either mimics or complements this 
shortened movement. The result of this extra train-
ing should allow the athlete to gain strength in 	
the specific areas of the lift where the athlete has 
weakness.

TRAINING FOR SPECIFICITY:

❍	 When training a client for a specific goal, it is impor-
tant to keep the client moving in the right direction 
so that the exercises and activities he or she performs 
have a direct or indirect translation to that goal. The 
reasoning behind this is based on what is commonly 
called the SAID principle.

❍	 The SAID principle stands for specific adaptation 
to the imposed demand. It is defined as the body’s 
ability to adapt to the various stresses that are placed 
on it and overcome them. This is incredibly relevant 
to a trainer because it will dictate the program struc-
ture of the client being trained. If, for example, the 
goal of the client is to improve ability to run long 
distances, then a program that is based around run
ning should be implemented. While this may sound 
obvious, it is an often overlooked concept that can be 
applied in great detail to the many specific goals of the 
most advanced client.
❍	 Energy systems, which were covered in Section 

20.4, are important to analyze in regard to this 
principle. By observing the duration of effort 
involved in a sport or activity, one can train in a 
way that will use similar energy systems and thus 
have a positive effect on the client. The sport of 
(American) football, for example, requires short 
bursts of energy ranging from a couple of seconds 
to several seconds, followed by a short period of 
rest. The style of training for this sport would be 
much different from that for someone who plays 
soccer, for example, which calls on different energy 
systems that allow for endurance.

Shaping a Muscle:
❍	 Applying the SAID principle to the shape of muscles 

is something that is very popular among bodybuilders 
and those who are training to alter their physical 
appearance. Changing the shape of a muscle is a 
widely debated subject that can be the source of much 
confusion. The general consensus is that the shape 
of a muscle is predetermined by its attachments and 
that it has the ability only to become bigger or 
smaller. Hypertrophy (getting bigger) is thought to 
occur uniformly along the entire length of a muscle 
and cannot be altered regionally. By analyzing the 
line of pull of a muscle and the line of pull of an 
exercise, it is possible to hypothesize where the hyper-
trophy is likely to occur. (Remember that some 
muscles have fibers that are oriented in different 	
directions as explained in Section 14.2, and therefore 
the muscle has a number of different lines of pull 
within it.)

❍	 Altering the length of a muscle, via addition or sub-
traction of sarcomeres in series, has been shown to 
occur when the resting length of that muscle has been 
manipulated for an extended period of time. For 
example, when a woman becomes pregnant, the rectus 
abdominis (among other muscles) stretches and 
lengthens over the course of the pregnancy to allow 
extra room for the fetus inside of the womb. After the 
pregnancy, the rectus abdominis and other abdominal 
wall muscles attempt to return to their original size 
because they are not as functional in their newly 
lengthened forms (because of the altered length-	
tension relationship). Note: Where the muscle attaches 
by its tendons cannot be altered through any type of 
training; therefore the potential for the muscle to 
lengthen is somewhat limited.

❍	 By focusing on exercises that use a line of pull specific 
to the direction of certain fibers in a muscle, we can 
influence, to an extent, which fibers receive the most 
stimulation. Bodybuilders use various lines of pull spe-
cifically for this reason, so that their muscles might 
appear more balanced and aesthetically pleasing 
(Figure 20-30).
❍	 Because muscles can be considered to have distinct 

compartments (motor units) based on the branch-
ing of motor neuron innervation, this technique of 
altering the line of pull can call on different com-
partments/motor units for different functions of the 
muscle. A good example of this is the biceps brachii, 
which is innervated by three to six primary nerve 
branches of the musculocutaneous nerve. Because 
of the ability of the biceps to create flexion of the 
elbow joint as well as supination of the forearm at 
the radioulnar joints, different sections of the 
muscle are activated when simple flexion is per-
formed versus flexion combined with supination 
(Box 20-17).
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FIGURE 20-30  When analyzing the shape of a muscle such as the 
pectoralis major, we see that it is shaped like a fan, which allows for 
different lines of pull with regard to moving the arm at the shoulder joint. 
(Modified from Muscolino JE: The muscular system manual: the skeletal 
muscles of the human body, ed 3, St Louis, 2010, Mosby.)

Keep in mind that there are usually many muscles that can 
perform a particular joint action. Depending on the phase of the 
range of motion, the joint angle, and the angle of other joints 
(if it is a multijoint muscle), the nervous system often engages 
one muscle versus another or one head or part of a muscle 
versus another. This choice is often based on the efficiency of 
that muscle’s contraction in the particular circumstance. For 
example, when engaging the biceps femoris to flex the knee 
joint, the long or short head is preferentially engaged depending 
on the angle of the hip joint.

 
BOX 

20-17
 

20.6  PROGRAM DESIGN

This section discusses the concepts of choosing an appro-
priate workout program for a client, balancing workload 
and recovery, general tips for the new client, specific 
exercise programs, and special tools/aids used when 
exercising.

CHOOSING A PROGRAM:

❍	 In design of a workout program, a decision must be 
made as to how to put it all together so that one’s goals 
may be safely accomplished. There is an almost infi-
nite number of combinations one can use to design a 
program. Following are some of the most common 
methods.

❍	 Full-body workout: A full-body workout would 
focus on training the entire body in a single workout, 
incorporating exercises that attempt to treat every 
muscle equally. Typically these workouts involve 
many compound movements, and the focus is on 
various movement patterns as opposed to single exer-
cises. Those training for sports or functional strength 
may find great success in this style of training. A full-
body workout can be tailored so that it mimics 
common activities of a sport, or it can be used for 
overall general conditioning (Box 20-18).

The term functional exercise (originally discussed in section 
20.1) can be a deceptive way to describe an exercise. All 
strength is functional and serves a purpose in that it makes our 
myofascial tissues stronger and increases our ability to perform 
a certain task. The media has coined the term functional strength 
to apply to exercises that help us perform everyday tasks, fre-
quently called activities of daily living (ADLs), such as lifting 
objects, climbing stairs, or playing with children. Although it is 
true that there are exercises that can help in such situations, it 
may be unfair to say that one exercise is more functional than 
another one. It is entirely dependent on what the function is!

 
BOX 

20-18
 

❍	 Sports-specific workout: A sports-specific workout 
is one that tailors to helping an athlete improve in his 
or her sport. It prioritizes the weaknesses of the athlete 
so that he or she might become stronger, quicker, or 
more coordinated at the activity in which the athlete 
competes. For example, Olympic weightlifters compete 
in only two events, the snatch and the clean and 
jerk  . Everything that they do in the gym is 
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Many people choose to play sports such as tennis or basketball 
instead of working out in a gym. These activities can be very 
beneficial in increasing aerobic capacity, agility, balance, and 
strength. However, some sports, such as golf, can lead to imbal-
ances because of their asymmetrical nature and can potentially 
cause injury or postural problems. If participating in sports is 
chosen as a replacement for exercise in a gym, then it is wise 
to be aware of these imbalances and try to address them so 
that the body can maintain proper health.

 
BOX 

20-19
 

stimulated to a point of exhaustion. The individual 
breakdown of this split is open to many avenues of 
approach and is also a source of much debate.

BALANCING WORKLOAD AND RECOVERY:

❍	 Regardless of which program is chosen by the indi-
vidual, an allotted rest period must be incorporated so 
that the body can recover from the stress that has been 
placed on it. As discussed in Section 20.4, individual 
factors such as nutrition, sleep, experience, hormone 
production, and the immune system determine how 
quickly the body can recover from a workout. It is 
important to note that there is a direct relationship 
between the amount of workload that is incorporated 
into a program and the amount of recovery time 
needed before that workout can be repeated. For 
example, a workout that focuses on the muscles of the 
chest, shoulders, and arms will cause a great deal of 
stress to that area and the body will require one or 
more days to recover. By contrast, a full-body workout 
may be able to be repeated on consecutive days because 
the workload is being distributed more evenly through-
out the body. Setting measurable goals and perfor-
mance standards will help the client determine if he 
or she is putting in enough work and allowing for 
enough rest between workouts. There is no universal 
formula to determine how often or how long some-
body should work out or somebody should rest.

GENERAL TIPS FOR A NEW CLIENT:

❍	 Although it is certainly true that there is no one correct 
way to exercise, given the vast amount of individual 
variables that determine a workout program, there are 
some ideas that are generally accepted within the 
training community. A new client should be treated as 
very fragile until a relationship has been established 
that allows the trainer to confidently progress that 
person to different stages of difficulty within the 
program. The following are some generalized tips that 
can be helpful when designing a program for a new 
client.

❍	 Some method of warm-up should be performed before 
the client engages in resistance exercise. Through per-
formance of light exercises that relate to the ensuing 
muscle groups of the workout, core temperature is 
increased and transient connective tissue bonds (also 
known as fascial adhesions) are broken, increasing the 
biomechanical performance of the body and reducing 
the potential for injury. It is important to note that 
exercises designed for warming up are not necessarily 
the same as those designed to increase flexibility 
(stretching exercises). Guidelines for a warm-up include 
light exercises that mimic the main exercises for that 
workout, and/or any form of aerobic exercise that will 
increase the heart rate enough to produce a sweat, for 

designed to help them with these lifts. In comparison, 
an athlete who competes in the discus throw would 
focus on strengthening, mobilization, and power exer-
cises that would help achieve a better discus throw 
(Box 20-19).

❍	 Body part split: a body part split focuses more on 
breaking the body into specific muscles or muscle 
groups and training them on separate days. The advan-
tage to this type of workout over a full-body workout 
is that more volume in any one workout can be dedi-
cated to the muscles chosen. The disadvantage would 
be that these muscles would take longer to recover and 
cannot be trained as frequently. Some type of rotation 
is typically used so that certain muscle groups can 
recover while others are being worked.
❍	 Some of the more common types of body part splits 

include upper/lower, push/pull/legs, and a more 
specific bodybuilder split.

❍	 Upper/lower is defined as a workout routine that 
divides the body into an upper half and lower half. All 
movement that specifically targets the muscles above 
the waistline would be trained on one day, and move-
ments that focus on the lower body would be trained 
on another day. Some exercises, such as the barbell 
dead lift   or the power clean  , may 
be open to interpretation and should be selected based 
on individual preference.

❍	 Push/pull/legs is defined as a workout routine that 
is divided into three workouts, involving upper body 
pushing movements one day, upper body pulling 
movements another day, and training of the lower 
body on a separate day. This basic split is popular 
among competitive powerlifters because it allows 
special attention to be given to the three lifts in which 
they compete.

❍	 Bodybuilder splits are common among competitive 
bodybuilders but are also quite popular with the 
average gym member who is looking to increase muscle 
size and become stronger. This workout routine focuses 
on dividing the workout of the muscles of the body 
into separate days in whatever fashion is desired. Isola-
tion exercises are common so that each muscle can be 
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goals, exercises incorporating balance may or may not 
be necessary.

❍	 Exercises that are performed unilaterally should typi-
cally be chosen after the client has demonstrated com-
petency with bilateral movements. The reason is that 
unilateral movements require a higher level of core 
stabilization to prevent excessive torquing of the spine. 
And dynamic balance exercises that involve move-
ment should not be done until the client has demon-
strated competency with static balance exercises.

❍	 When choosing a repetition range for a new client, it 
is safest to first use a high rep scheme with a relatively 
light amount of weight/resistance. If the client’s goal 
is to build maximal strength, then gradually lowering 
the rep range and increasing the weight/resistance will 
help accustom the client’s body to handling a heavy 
load while slowly strengthening the joints and con-
nective tissues and increasing neural control.

❍	 When deciding which exercise modality to use with a 
client, it may be tempting to start with a seated 
machine that is relatively simple to use and does not 
require a lot of stabilization force. Although it is true 
that these machines might be easier to learn, it does 

a duration of 5 to 10 minutes. Dynamic stretches can 
be used to produce a similar outcome. Warm-up effects 
can be lost after 15 minutes of idle activity, so timing 
can be important in order to receive the benefits of 
this technique.

❍	 Exercises that require a lot of core stabilization balance 
should not be chosen until the client has established 
a solid proficiency in the basic movements. Pictured 
in Figure 20-31 are some of the many tools available 
that are designed to challenge one’s core stabilization 
balance. Because these devices provide an unstable 
surface, when a client stands on them, muscles of 
balance are stimulated. The client can stand and 
balance with both feet, performing the exercise bilater-
ally as pictured in A, or may increase the challenge by 
standing on just one foot, performing the exercise 
unilaterally. Unilateral execution of these exercises, in 
addition to being more challenging, may translate 
better to certain sports. If the exercise consists of 	
maintaining balance to simply stand still, it is called 	
a static balance exercise. If the client adds movements 
of the core and/or upper extremities, it becomes a 
dynamic balance exercise. Depending on the client’s 

A

D

CB

FIGURE 20-31  Examples of devices that are designed to 
create an unstable environment during exercise to increase core 
stability strength. Balance training is a widely debated topic 
among trainers regarding its benefits and specificity to real life 
situations. A, Balance board. B, BOSU Ball. BOSU Fitness, LLC. 
C, Airex pad. D, Dyna Disc. (A, Courtesy Fitter First;  B, courtesy 
Bosu;  C, copyright Airex AG, Switzerland; D, courtesy 
Exertools.)
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not mean that it is the best option for your client. 
Remember that your clients are training with you so 
that you can teach them more advanced movements 
under the safety of your professional eye. Just because 
a gym might be packed full of extravagant machines 
does not mean that they are better than many more 
traditional exercises. In some cases, they may even do 
more harm than good. Do not hesitate to teach a new 
client free weight or bodyweight exercises first, but be 
aware of the fact that the client will need the proper 
amount of cueing until he or she can safely perform 
the exercises on his or her own.

❍	 When instructing a client to perform an action on his 
or her own, whether it is a stretching or a strengthen-
ing exercise, be sure to explain the important connec-
tion that one must have with one’s own body in order 
to get the desired result. A common term among train-
ers to describe this is mind-to-muscle connection. 
In the world of manual and movement therapies, it is 
often referred to as mind-body connection. This 
refers to the client’s ability to actively feel/sense the 
muscles at work during an exercise as well as the ability 
to control the body in space. Proprioceptive awareness 
and continual repetition of a movement will increase 
the client’s control of the exercise and thus increase 
its efficacy.
❍	 Earlier, in Section 20.2, it was stated that “20 lb will 

always weigh 20 lb,” which refers to constant resis-
tance remaining constant in its relationship with 
gravity. Although this is true, it does not guarantee 
that all clients will receive equal stimulation of their 
muscles from this resistance. The ability to get the 
most out of the 20 lb of resistance is dependent 	
on this mind-to-muscle connection that the client 
must possess and the ability to control the weight 
in all aspects. This art of control can take a long time 
to master, but the payoff is worthwhile, as it will 
maximize one’s time and efficiency as well as help 
avoid injury by permitting one to stay in tune with 
one’s body during the workout (Box 20-20).

One of the most common questions asked by a client is how 
many repetitions of an exercise the client is going to perform. 
Although it is good to have a number of reps in mind at the 
beginning of a set, it can sometimes inhibit the quality of the 
workout. Quality should always take precedence over quantity. 
If a client is in touch with his or her body and has good motor 
control, then the client will be able to perform the exercise in a 
more effective manner. Keeping your client focused on the task 
at hand and being able to properly cue the client and explain 
what he or she should be feeling will help the client get the 
most out of the exercise. Remember, it is not how many, it is 
how.
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SPECIFIC EXERCISE PROGRAMS:

❍	 Specific programs are sometimes employed by trainers, 
teams, or individuals looking to achieve a certain goal. 
These programs are structured in such a way that one 
can mold the workout to one’s own needs. Some 
require the assistance of a professional and may require 
a special type of certification. Following are examples 
of some of the more popular specific programs.

❍	 Crossfit: Originally developed in 1980 by former 
gymnast Gary Glassman, Crossfit has become extremely 
popular over the past decade, with hundreds of gyms 
dedicated to this type of training now located world-
wide. Crossfit is a strength and conditioning program 
designed to increase strength endurance, strength 
power, and aerobic capacity. It takes the principles of 
several different training modalities and combines 
them into a unique, total body fitness regimen that is 
designed to help anybody and everybody. The work-
outs are typically very fast-paced and incorporate the 
use of kettlebells, medicine balls, calisthenics, and 
Olympic lifts, among other tools.

❍	 Rippetoe’s Starting Strength: Developed by Mark 
Rippetoe, a well-known strength and conditioning 
coach, this program is designed to help new lifters 
develop strength and muscle hypertrophy. Typically 
used by those who wish to gain muscle mass, this 
program incorporates two workouts that are rotated, 
each one performed three days a week. For example, 
week 1 would be workout A, workout B, workout A; 
week 2 would be workout B, workout A, workout B. 
The main exercises that are performed are the barbell 
squat, the barbell bench press, the pull-up, the bent-
over barbell row, and the overhead barbell press.

❍	 Westside Barbell: Founded by Louie Simmons, 
Westside Barbell is a training facility that specializes in 
training competitive powerlifters. Based in Ohio, the 
facility’s influence has traveled worldwide, and the 
program focuses primarily on building strength around 
the three main lifts used in a powerlifting competition: 
the squat, the bench press, and the deadlift. Various 
training tools such as bands, chains, and different 
kinds of bars are employed to challenge the athlete in 
various ways to continuously stimulate strength gains 
in the three lifts. Special exercises are also incorporated 
to help the athlete overcome strength deficiencies in 
certain portions of the range of motion of each lift. 
The Westside philosophy of training has spawned many 
different spin-offs of the original program, which give 
several options to a practitioner of this sport.

❍	 Kettlebell: Kettlebell training has been popular for 
several decades and has recently been gaining more 
attention throughout the United States. A kettlebell is 
a round weight with a single handle on top. Although 
very similar to a dumbbell, it does have certain advan-
tages that set it apart from its more common counter-
part. Because of the unique shape of the weight, certain 
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❍	 Kickboxing: Kickboxing is a competitive sport, but 
many people have found that there are many benefits 
to training like a kickboxer without actually fighting 
(no headaches being one of them). Various classes are 
offered to those who wish to let out some aggression 
while also getting a great workout. Benefits include 
increased aerobic capacity, agility, power, and proprio-
ception. Some classes also include strength training.

SPECIAL TOOLS/AIDS:

❍	 Special tools/aids are often used in the gym to help 
with certain exercises. Following are some of the more 
common items one might see in a gym setting.
❍	 Note: The use of external supports such as braces 

and belts often allows for a greater load capacity 
when exercising. This carries an increased risk of 
damage and injury to other joints and tissues of the 
body that are not supported in this manner and not 
accustomed to absorbing these increased loads.

❍	 Weightlifting belt: Although often associated with 
a back injury, a weightlifting belt is different from a 
rehabilitation back belt that might be recommended 
by a physical therapist or physician. A weightlifting 
belt works by increasing intra-abdominal pressure 
when the user pushes the abdominal muscles against 
the surface of the belt. This increase in pressure allows 
for an increase in spinal stability and is especially 
important to use during exercises that place stress upon 
the spine, such as a barbell squat or barbell deadlift. 
Commonly worn by those competing in powerlifting 
or Olympic weightlifting, the belt is usually only worn 
when the weight approaches 1 RM. Studies have shown 
that proper use of a belt can increase the amount of 
weight used for certain exercises (Figure 20-32).

❍	 Knee Wraps: Knee wraps are constructed out of 
elastic cloth and are designed to provide support 
around the knee joint during exercises that involve 
knee extension, such as the squat (Figure 20-33). Pow-
erlifters use these to their advantage because the elastic 

movements such as Olympic lifts and assistance lifts 
(see Section 20.5) can use the momentum of a swinging 
weight to their advantage. Kettlebell workouts are typi-
cally fast-paced, explosive movements and are primar-
ily designed to increase power and aerobic capacity.

❍	 Pilates: Developed by Joseph Pilates over a period of 
50 years, Pilates is a comprehensive mind-body 
workout that involves over 500 strengthening and 
stretching exercises. Joseph Pilates called his method 
of body conditioning the Art of Contrology; however, 
after his death in 1967, it has come to be known as 
Pilates. For many years, the Pilates method was rela-
tively unknown except in the world of dance. In recent 
years, the popularity of Pilates has exploded, and it has 
become one of the most well-known methods of body 
and mind conditioning. A key element of the Pilates 
method is core stabilization, or as the core is called in 
Pilates, the powerhouse. Pilates exercises may be broken 
into two categories: Pilates mat and Pilates apparatus. 
Pilates apparatus involve the use of springs to guide 
the client and also provide resistance. The two major 
Pilates apparatus are the reformer and the Cadillac. 
Both types of Pilates are typically done under the 
supervision of a certified instructor. Benefits of the 
Pilates method include postural alignment, mind-body 
awareness, proper breathing, increased focus, and joint 
mobility and stabilization.

❍	 Yoga: Yoga is an ancient spiritual practice that, at its 
inception, was a means of achieving an enlightened 
state through meditation, breath work, physical poses, 
and ethical behavior. Today yoga is widely known for 
its poses, which are called asanas. Asanas can be static 
and held for a certain number of breaths, or dynamic, 
flowing from one pose into another. Yoga is known to 
increase flexibility, but many are surprised to learn 
that it also builds strength and improves coordination. 
Postural imbalances can be remedied by the body 
awareness that it cultivates. The vast majority of 
modern yoga still includes meditation and breathing 
techniques. Both are helpful in reducing stress, relax-
ing muscles, and identifying patterns of tension. There 
are many styles of yoga today. They form a wide spec-
trum that ranges from pure meditation to a rigorous 
workout, so it is important for one to seek out the 
appropriate style to suit his or her needs.

❍	 MAT: Muscle Activation Technique, known as 
MAT, is a relatively new form of manual therapy that 
focuses on strengthening the body where it is weak, to 
correct muscular imbalances. It focuses on identifying 
weak and inactive muscles so that they can be strength-
ened, and attempts to correct various movement 
pattern compensations. A series of isometric strength-
ening exercises and palpation techniques are used to 
activate the identified weakened muscles. The goal is 
to allow for optimal muscular function so that one can 
perform up to one’s full potential and have a reduced 
chance of injury.

FIGURE 20-32  An example of a weightlifting belt. These belts can be 
purchased in varying lengths and thickness, depending on the preference 
of the client. It is important to wear them tightly enough to serve their 
function, but not so tightly that they interfere with respiration. (Courtesy 
Inzernet.)
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FIGURE 20-33  A typical application of knee wraps. We can see that 
the wrap begins below the knee joint and finishes at the bottom of the 
thigh, above the knee joint. As with the weight belt, it is important to 
wrap the knee tightly enough so they can serve their function, but not so 
tightly that they cut off circulation to the leg, which can be very dangerous 
when one is trying to exercise.

athlete to support joint movement (Figure 20-34). For 
example, the bench shirt is constructed in such a way 
that the athlete’s arms are put in a state of flexion and 
medial rotation. When the bar is lowered to the body, 
this material is stretched out and provides an elastic 
effect which can result in the ability to lift more weight 
for that particular event. The same concept is applied 
during a suited squat lift. The design of such equip-
ment can vary greatly, and different powerlifting fed-
erations have different rules and standards for what is 
allowed in their sanctioned meets.

❍	 Chalk: Chalk is designed to increase one’s ability to 
hold onto a weight or weights. When applied to the 
hands, the water-insoluble magnesium carbonate dries 
out moisture in the skin, which in turn provides a 
solid, nonslip grip for various exercises. It is popular 
in gymnastics, rock climbing, Olympic weightlifting, 
and powerlifting (Figure 20-35).

❍	 Ammonia/Smelling salts: Used in powerlifting, 
Olympic weightlifting, boxing, football, and various 
other sports, ammonia is used to stimulate the central 
nervous system to provide a short, temporary burst of 
energy to those who smell it (Figure 20-36). It is also 
commonly used medicinally to bring someone out of 
a semiconscious state. Warning: Ammonia is a toxic 
substance and should only be used sparingly and in 
small doses if used for athletic purposes.

❍	 Wrist straps: Using wrist straps is another method 
that can improve the ability to grip during certain 
exercises. By looping a piece of cloth around one’s 
wrists and then wrapping the free end around a bar or 
handle, the athlete is essentially attached to the weight 
and can hold onto it for a longer period of time (Figure 
20-37). Commonly used by bodybuilders, the advan-
tage is that an exercise can be performed for longer 
because it is not limited by the strength of their grip. 
The disadvantages are that the athlete is neglecting 
many important forearm muscles and that the straps 
place a lot of stress on the wrist joints.

FIGURE 20-34  An example of a bench shirt (left) and 
squat suit (right). There are several companies that provide 
this equipment, and many variations that can be purchased, 
depending on the needs of the athlete and regulations of the 
federation in which he or she competes. It is important to be 
sure that the suit fits properly. Therefore, custom tailoring is 
often performed to ensure a good fit. (Courtesy Inzernet.)

nature helps them lift more weight during a squat. 
Because the wraps are applied when the leg is in exten-
sion, when the knees are bent the wraps will provide 
a spring effect that will try to bring the knees back into 
extension. Individuals with localized knee joint pain 
can find benefits in using wraps. Wraps are also made 
that go around the elbow, wrist, and ankle joints.

❍	 Bench shirts/squat suits: Certain powerlifting 
competitions allow for special equipment that is used 
to aid the athlete in the squat, bench press, and dead-
lift events. Constructed from a variety of materials 
(polyester, denim, and canvas being the most popular), 
these garments are designed to fit tightly around the 
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FIGURE 20-35  A brick of chalk. This chalk is easily broken up into a 
fine powder and is applied anywhere on the body where moisture is 
undesirable.

FIGURE 20-36  Ammonia is commonly sold in crystaline form or cap-
sules. When inhaled through the nose, it irritates the membranous walls 
of the nasal cavity and lungs and so should be used sparingly. (Courtesy 
Inzernet.)

FIGURE 20-37  A classic example of how one would apply a wrist 
wrap to a barbell. We see that the hand is then gripped over the straps 
to keep them in place. It is important to use some grip strength when 
holding onto the barbell, so that all the stress is not placed onto the  
wrist joints. (http://commons.wikimedia.org/wiki/commons:GNU_Free_
Documentation_License.)

FIGURE 20-38  A typical example of a weightlifting glove. This glove 
has open fingers to allow for better airflow and feel. It also helps to 
support/stabilize the wrist. (Courtesy of Harbinger 2010.)

❍	 Gloves: Gloves are worn to protect hands from devel-
oping calluses and skin tears; gloves also help to 
increase the security of the grip on the machine or 
barbell/dumbbell. Some types of gloves provide wrist 
support as well (Figure 20-38).

❍	 Dip belts: Dip belts are worn around the waist and 
have a chain that hangs down from the front from 
which weight is attached. These belts are used to 
increase the amount of resistance for certain body-
weight exercises such as the dip and the pull-up (Figure 
20-39).

❍	 Shoes: Selecting the proper shoe depends on what 
type of training you are participating in. For example, 
shoes that are designed for running should not be 
worn while performing a heavy squat lift because 
running shoes are designed to be soft and flexible to 

absorb impact, which is counter-productive when 
trying to maintain a stable stance to push a weight 
away from the ground. Running shoes are also risky to 
wear when playing a sport like tennis because tennis 
requires a great deal of lateral movement, and running 
shoes are designed primarily for forward sagittal plane 
movement. There are shoes specially designed for most 
every athletic endeavor. Examples include sprinting, 
long distance running, cross-training, powerlifting, 
Olympic weightlifting, tennis, and golf (Figure 20-40). 
Finding the right shoe is important because it can 
increase performance and decrease the risk of injury.

http://commons.wikimedia.org/wiki/commons:GNU_Free_Documentation_License
http://commons.wikimedia.org/wiki/commons:GNU_Free_Documentation_License
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FIGURE 20-39  A dip belt can be used to provide additional resistance 
to a bodyweight exercise; in this example, the dip. Stabilization demands 
are also increased, as it is important to keep the weight from swinging 
while the exercise is performed. Adding resistance to bodyweight exercises 
should be done only after the client has demonstrated adequate profi-
ciency with the original exercise. (B, Courtesy of Altus Athletic Manufac-
turing, Inc., Altus, Oklahoma.) 

FIGURE 20-40  Designed specifically for Olympic weightlifting, this 
shoe has a raised heel that is constructed out of a sturdy, solid compound. 
The raised heel is designed to help with body mechanics involved in the 
snatch and clean and jerk. (Courtesy Adidas.)
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REVIEW QUESTIONS

Answers to the following review questions appear on the Evolve website accompanying this book at: 
http://evolve.elsevier.com/Muscolino/kinesiology/.

1.	 What are some motivations that a client might 
express to a trainer for beginning an exercise 
program?

2.	 Give an example of a postural muscle and a 
mobility muscle and describe a primary function of 
each one.

3.	 Give an example of a closed kinetic chain exercise 
and an open chain kinetic exercise. Explain how 
they are different.

4.	 Explain why variable resistance is often chosen 
during physical therapy and why a client might 
benefit from incorporating this style of training in 
conjunction with constant resistance training.

5.	 Define the terms volume, set, and rep as they 
apply to exercise.

6.	 How does a cambered pulley differ from a regular 
pulley?

7.	 How does myofibrillar hyperplasia differ from 
myofibrillar hypertrophy?

8.	 Briefly describe the three main methods of 
supplying energy to muscle cells.

9.	 What is a 3-2-1 tempo as it relates to exercise?

10.	 What are the benefits of pre-exhausting a muscle 
during a workout?

11.	 List and briefly describe five factors that influence 
recovery time after a workout.

12.	 List a multijoint and single-joint muscle and 
describe the difference between them.

13.	 What are one advantage and one disadvantage of 
cheating, as it relates to exercise?

14.	 What is the difference between a drop set and 
superset?

15.	 Define the SAID principle and briefly describe how 
it relates to exercise.

16.	 What are some benefits of warming up and 
dynamically stretching before a workout?

17.	 List three workout tools and briefly describe why 

they might be beneficial to a client.

http://evolve.elsevier.com/Muscolino/kinesiology/
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Index
A
A-band. See Anisotropic band
Abdominal aponeurosis, 253, 253f
Abdominal oblique, 471

external, 530, 530f
internal, 529–530, 529f

Abdominal wall, 229
Abduction, 164, 165f. See also specific abductor 

muscle
of arm, 346b–347b
of functional mover group, 425f
of glenohumeral joint, 331f
of hip joint, 278f, 621
of tibiofemoral joint, 294

Abductor digiti minimi manus, 519, 519f
Abductor digiti minimi pedis, 554, 554f
Abductor hallucis, 554, 554f
Abductor pollicis, of central compartment 

group, 520, 520f
Abductor pollicis brevis, 518, 518f
Abductor pollicis longus, 516, 516f
AC stretching. See Agonist contract 

stretching
Acetabular labrum, 286
Acetabular ligament, 286
Acetylcholine, 391
Acetylcholinesterase, 391
Acromegaly, 45f
Acromioclavicular joint, 342–344, 342f

bones of, 342
ligaments of, 343–344
movement of, 342–343
range of motion of, 342t

Acromion process, 106f
Actin

alpha-smooth muscle, 58–59
cross-bridge, 399f
filament, 388, 388f–389f, 397
molecules of, 397, 397f

Action in question, 434–435
gravity’s role in, 455–456
unwanted actions and, 457–458

Active insufficiency, 486–488, 488f
lengthened, 487–488
shortened, 486–487

Activities of daily living (ADLs), 666
Acture, 615
Adaptive shortening, 613b
Adduction, 164, 165f. See also specific adductor 

muscle
of glenohumeral joint, 331f
of hip joint, 278f, 621
of tibiofemoral joint, 294

Adductor brevis, 544, 544f
Adductor hallucis, 556, 556f
Adductor longus, 543, 543f

attachments to, 543
functions of, 543
in gait cycle, 620f

Adductor magnus, 544, 544f
attachments to, 544
functions of, 544
in gait cycle, 620f

Adenosine triphosphate (ATP), 36, 390b
exercise and, 657, 658f
in sliding filament mechanism, 389–390

Adipocytes, 52
ADLs. See Activities of daily living
Aerobic exercise, 390b, 657
Agility training, 648, 648f
Agonist contract stretching (AC stretching), 

634–636, 636f
Agonist muscles, 451
Alar ligament, of dens, 234
Alpha-smooth muscle actin, 58–59
Ammonia, 671, 672f
Amphiarthrotic joint, 194
Ampulla, 592
Anaerobic exercise, 390b, 657

Anatomic position, 15
anterior, 15f, 16, 18f–19f
deep, 20, 20f
distal, 18–19, 19f
dorsal, 16–17
fibular, 17
inferior, 18–19, 19f
lateral, 17, 17f
location terminology with, 21
medial, 17, 18f
posterior, 16
proximal, 18–19, 19f
radial, 17
superficial, 20, 20f
superior, 18–19, 19f
tibial, 17
ulnar, 17
ventral, 16–17
volar, 16

Anatomy train. See Myofascial meridian
Anconeus, 511, 511f
Angle

of bone, 70
carrying, elbow joint’s, 350, 350f
exercise technique and, 661–662
of femur, 286–287, 287f–288f
pennation, 485b
pull, 492–493, 492f–493f
Q-, knee joint’s, 300–301, 300f
sacral base, 247, 280, 281f

Angular movement. See Axial movement
Anisotropic band (A-band), 396
Ankle, 303–306. See also Talocrural joint

muscles of, 549–551
organization of, 303

Ankle joint. See Talocrural joint
Annulus fibrosus, of disc joints, 226
Antagonism, productive, 453
Antagonist muscles, 435, 435f, 452–454, 453b

characteristics of, 454
examples of, 455f
lengthening of, 453–454
orthopedic assessment and, 563b
prime, 453
tightened, 610
treatment of, 567–568

Anteroposterior axis, 27
Anteversion, 287
Apical odontoid ligament, 234
Aponeurosis, 60

abdominal, 253, 253f
muscular fascia as, 36

Apophyseal joint. See Facet joint
Appearance, exercise’s benefits for, 642
Appendicular body, 3, 3f
Aqua therapy, 436, 653, 654f
Arcuate line, 253
Arcuate pubic ligament, 259
Areolar fascia, 52
Arm, 4f–5f. See also Forearm

abduction of, 346b–347b
body part relationship of, 4
bones of, 136–139
movement of, 7f

Arteries, vertebral, 236
Arthritis. See also Osteoarthritis

basilar, 366
rheumatoid, 371

Articular cartilage, 36, 198
Articular disc, 207–208
Articular surface, of bone, 70
Articularis genus, 548, 548f
Articulation, 188, 313–314
Assessment, musculoskeletal, 562–564, 565f

diagnosis vs., 562
false-positive/false-negative results in, 564
of HMRT, 566
orthopedic, 563b, 564, 565f

procedure of, 562, 564, 565f
range of motion in, 563
resisted motion in, 563–564
of resting tone, 566

Atlantoaxial joint, 230–234, 232f, 232t
Atlanto-occipital joint, 229–230, 229f–231f, 

230t, 232–234
Atlanto-occipital membrane, 232, 233f, 234
Atlas, in cervical spine, 92, 92f
ATP. See Adenosine triphosphate
Auditory meatus, 77f
Auricularis group, 537, 537f
Axial body, 2, 3f, 25
Axial movement, 25, 25f, 155–156, 158

axis of movement in, 159
rolling, 160–161
spinning, 160–161

Axis, 25
anteroposterior, 27
of bone, 427b
cardinal, 26
in cervical spine, 93, 93f
mechanical, 25
mediolateral, 26
of motion, 159, 490, 491f
muscle attachment on/off, 426, 427f
oblique, 26
planes corresponding to, 26–27, 26f
superoinferior, 27
visualization of

door hinge pin analogy for, 27, 27f–29f
pinwheel analogy for, 29, 30f

B
Back

muscles of, lower, 529
rounded, 612
sway-, 245, 612

Backswing, elastic recoil from, 486
Balance training, 648, 668f
Ball-and-socket joint, 204
Ballistic motion, 559
Band, exercise, 418, 650–651, 651f–652f
Barbells, 649–650, 650f, 669
Basilar arthritis, 366
Belt, exercise, 670, 670f, 672, 673f
Bench press, 644f, 650f
Bench shirt, 671, 671f
Bend

leverage and, 497b–498b
squat, 498f
stoop, 498f

Biceps brachii, 459f, 471, 510, 510f
Biceps curl, 662f
Biceps femoris, 548, 548f

attachments to, 548
functions of, 548
in gait cycle, 620f

Bifid spinous process, 235
Bifid transverse process, 236
Bifurcate ligament, 318
Blind, definition of, 571
Blood cell, formation of, 39, 39f
Body

appendicular, 3, 3f
armoring, 597
axial, 2, 3f, 25
compensation in, 610
composition of, 1
as compression structure, 409f
divisions of, major, 2–3, 3f
leverage in, 491–492
mapping of, 14
mind’s connection to, 669
movement of, 23, 23f–25f
powerhouse of, 462
regions of, 11

Assessment, musculoskeletal (Continued)
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Body parts, 4
counterbalance of, 610
joints’ connections of, 6, 6f
major, 4, 4f–5f
movement of, 7–8, 10

Bodyweight resistance, 646–649
Bodywork

creep during, 64b
fascia affected by, 36
muscle affected by, 36
pain relief with, 599
scar tissue adhesion breakup with, 60b

Bone. See also Long bones; specific bone
of acromioclavicular joint, 342
angle, 70
of arm and forearm, 136–151
axis of, 427b
breakage of, 60
carpal, 146–147, 146f–147f, 157f
cells of, 40
classification of, shape-based, 35–36, 35f
compact, 41, 42f–43f
as connective tissue, 40–41
cortical surface of, 41
coxal, 258
development and growth of, 44–45, 44f
of elbow joint, 136–139, 348
ethmoid, 74f–75f, 81f, 85, 85f
of extremity, 71t
flat, 35
of foot, 125–129
frontal, 74f–77f, 79f, 81f, 83, 83f
functions of, 37–40

calcium storage as, 39–40, 39f
hematopoiesis as, 39, 39f
leverage as, 38, 38f
structural support as, 38, 38f
trauma protection as, 38–39, 39f

of glenohumeral joint, 131–135, 330
of hand, 140–151, 354
of hip joint, 111–115, 282
hyoid, 71t, 90
innominate, 258
interior of, 43f
of intermetacarpal joints, 369
of intermetatarsal joint, 319
of knee joint, 116–119, 290
lacrimal, 74f–77f, 87, 87f
landmarks on, 70–71
of leg, 120–124
list of, 71t
marrow, 39
matrix of, 40–41
of metacarpophalangeal joint, 371–372
of metatarsal phalangeal joint, 320–321
nasal, 74f–77f, 80f–81f, 87, 87f
navicular, 126f–129f
occipital, 74f, 76f–81f, 84, 84f
palatine, 74f–75f, 79f, 87, 87f
parietal, 74f, 76f–79f, 81f, 83, 83f
of patellofemoral joint, 298
of pelvis, 111–115, 258
in protracted head posture, 612
of radioulnar joints, 351
of ribcage, 71t, 106–109
of saddle joint of the thumb, 366
of scapulocostal joint, 336
sesamoid, 36
short, 35
of shoulder girdle, 131–135
of skull, 71t
sphenoid, 74f, 76f, 78f–81f, 84, 84f
of spinal column, 71t, 88–105
spongy, 41, 42f–43f
spur of, 48, 49f, 376
of sternoclavicular joint, 339
of sternum, 71t
stress on, physical, 47–48
supernumerary, 36, 71
of talocrural joint, 120–124, 307
of tarsometatarsal joint, 318–319
temporal, 74f, 76f–77f, 79f–81f, 83, 83f
of temporomandibular joint, 212
of thigh, 116–119
of tibiofemoral joint, 291

of tibiofibular joint, 302–303
of transverse tarsal joint, 317
Wormian, 36, 71
zygomatic, 74f–77f, 79f–81f, 86, 86f

Bone bruise. See Periostitis
Bone tissue. See Skeletal tissue
Bone-to-bone end-feel, 561
Bony pelvis, 258, 259f
Bowflex, 653f
Bowleg, 300
Bowstring force, 301, 306b
Brachialis, 435f, 452f, 455f, 510, 510f

attachments of, 510
functions of, 510

Brachioradialis, 510, 510f
Brain, 575–576
Breathing, forceful vs. relaxed, 243b
Buccinator, 541, 541f
Bucket handle movement, 243f
Bunion, 323
Bursa, 61, 62f

subdeltoid, 335
of talocrural joint, 312, 312f
of tibiofemoral joint, 297b

Bursitis, 61

C
Cable machines, 653–656, 655f
Calcaneocuboid joint, 317
Calcaneocuboid ligament, 318
Calcaneonavicular ligament, 318
Calcaneus, 126f–129f
Calcitonin, 40
Calcium

deposition of
excess of, 48
Wolff’s law on, 47–48

reuptake of, 390b
storage reservoir of, bone as, 39–40, 39f

Callus, in fracture, 47, 47f
CAM. See Complementary and alternative 

medicine
Canals, semicircular, of inner ear, 592–593
Cancellous bone. See Spongy bone
Capitate, 146f–147f
Cardinal axis, 26
Cardinal plane, 22–23, 419
Carpal bones, 146–147, 146f–147f, 157f
Carpal ligament, 356, 362
Carpal tunnel, 151, 151f, 355–356, 356f
Carpal tunnel syndrome, 356
Carpometacarpal joint, 355, 363–366, 

363f–365f, 365t. See also Saddle joint of 
the thumb

Carpus, 354
Carrying angle, 350, 350f
Cartilage, 50–51

articular, 36
cells of, 50
degeneration of, 36
elastic, 51, 51f
fibro-, 51, 51f
hyaline, 50–51, 51f
lunate, 286
matrix of, 50
types of, 50–51

Cartilaginous joint, 193, 196–197
Cells

blood, formation of, 39, 39f
bone, 40
cartilage, 50
of fascia, 52
fascial web at level of, 55f
mast, 52
skeletal muscle, 384, 384f

Central compartment group, 520–521, 520f
Central nervous system, 575–576, 576f–577f
Cerebral motor cortex, 577
Cervical ligament, 316
Cervical spine, 90–91, 90f–91f, 235–237

atlas in, 92, 92f
axis in, 93, 93f
composition of, 235
curvature of, 236

endplates of, 95, 95f
functions of, 237
joints of, 235
ligaments of, 232b
movement of, 237, 238b
range of motion of, 237t–238t
in spinal column, 88f–89f
vertebra of, 94, 94f, 218, 236f
views of

lateral, 235f
posterior, 233f
superior, 236f

Chain, for exercise, 650–651, 652f
Chain activity, open vs. closed, 284b, 428. 

See also Closed kinetic chain exercise; 
Open kinetic chain exercise

Chalk, 671, 672f
Chondroblast, 50
Chondrocyte, 50
Chondroitin sulfate, 50
Chondromalacia patella. See Patellofemoral 

syndrome
Chondrosternal joints, 244–245
Chopart’s joint, 317
Circular movement. See Axial movement
Circumduction, 178, 179f
CKCE. See Closed kinetic chain exercise
Clavicle, 106f–107f, 135, 135f, 173–174, 173f
Closed kinetic chain exercise (CKCE), 

644–646
Closed-chain activity, 284b, 428
Coccyx, 88f–89f, 104–105, 104f–105f
Collagen fiber, 40

in fascia, 52–53
tensile strength of, 53

Collateral ligament, 294, 309, 316–317, 321
Compact bone, 41, 42f–43f
Compensation

in body, 610
cheating as, 663–665
of joint, 662
in postural distortions, 608–609, 609f

Complementary and alternative medicine 
(CAM), 569–570

Compound exercises, 643
Compound joint, 188
Compression

of body, 409f
force, 645

Concentric muscle contraction. See Muscle 
contraction

Condyle, 70
Condyloid joint, 201
Connectin, 397–398
Connective tissue

bone as, 40–41
matrix of, 40

Contract relax agonist contract stretching 
(CRAC stretching), 636–637, 637f

Contract relax stretching (CR stretching), 
589b–590b, 590f, 634–635, 635f

Contractility, of skeletal tissue, 63
Control group, definition of, 571
Coordination, 473
Coracobrachialis, 507, 507f

attachments of, 507
contraction of, 420f
functions of, 507

Coracoclavicular ligament, 344
Coracohumeral ligament, 334
Coracoid process, 106f
Core, stabilization of, 461–463

movement and, 462
osteoarthritis and, 464f
spine health from, 463

Coronal plane, 23
Coronal suture, 77f, 196f
Coronary ligament, 296
Corpuscles

Meissner’s, 582b, 582f
Pacini’s, 582f, 583–584

Corrugator supercilii, 538, 538f
Cortex, of bone, 41
Costochondral joints, 244–245

Bone (Continued) Cervical spine (Continued)
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Costoclavicular ligament, 341–342
Costocorporeal joint, 241
Costospinal joints, 108, 108f, 240–244, 244b
Costotransverse joint, 240, 242–244
Costovertebral joint, 240, 242
Counterirritant theory, 599
Counternutation, 260, 261f
Coupled action, 289, 289f, 345, 476–478, 477f
Coupled movement, 329
Coxa valga, 287
Coxa vara, 287
Coxal bone, 258
Coxofemoral joint. See Hip joint
CR stretching. See Contract relax stretching
CRAC stretching. See Contract relax agonist 

contract stretching
Craniosacral technique, 212
Cranium, 71t
Creep

during bodywork and massage, 64b
of skeletal tissue, 63

Crest, of bone, 70
Crista ampullaris, of inner ear, 592, 592f
Criterion, definition of, 570–571
Critical point acceleration, 659
Cross-bridge, myosin-actin, 388, 399f
Crossed extensor reflex, 594, 595f
Crossed syndrome, lower/upper, 586b–587b
Cross-education, 649
Crossfit, 669
Cruciate ligament

of dens, 234
of tibiofemoral joint, 294–295

Cuboid, 126f, 129f
Cuneiform, 126f–129f
Curvilinear motion, 157
Cutaneous reflex, 596, 596f
Cycling, 646
Cytoplasmic organelles, 36

D
Deep fascia, 52, 385–386
Degenerative joint disease (DJD), 376

calcium deposition in, excess, 48
cartilage degeneration in, 36

Delayed onset muscle soreness, 661
Deltoid, 507, 507f

attachments of, 507
bursa of, 335
functions of, 507
reverse action of, 332b

Dens
alar ligament of, 234
cruciate ligament of, 234

Dense fascia, 52
Depression, 172, 172f, 340f
Depressor anguli oris, 540, 540f
Depressor labii inferioris, 540, 540f
Depressor septi nasi, 538, 538f
Deviation

lateral, 176, 176f
standard, definition of, 571–572

Diagnosis, assessment vs., 562
Diaphragm, 243b, 531, 531f
Diaphysis, of long bone, 36
Diarthrotic joint, 194
Digastric, 534, 534f
Digital expansion, 357, 357f
Disc

articular, 207–208
epiphysial, 44
Merkel’s, 582b, 582f
radioulnar, 362
slipped, 223b

Disc joints, 197f, 222
annulus fibrosus of, 226
pathology of, 223b
thinning of, 197

Dizziness, 593
DJD. See Degenerative joint disease
Dorsal digital expansion. See Digital 

expansion
Dorsal hood, 357
Dorsal interossei manus, 521, 521f
Dorsal interossei pedis, 556, 556f

Dorsiflexion, 168–169, 169f, 308f
Double blind, definition of, 571
Double-jointedness, 372–374
Double-limb support, 618, 618b
Drawer test, 295f
Dumbbells, 649–650, 650f
Dynamic posture, 615
Dynamic stretching, 630–631, 632f

E
Ear, 71t. See also Inner ear
Easily fatigued fiber, 401
Eccentric muscle contraction. See Muscle 

contraction
Effort arm, 490
Elastic cartilage, 51, 51f
Elastic recoil, 486
Elasticity, of skeletal tissue, 63
Elastin fiber, 52–53
Elbow, golfer’s/tennis, 350
Elbow joint, 139, 139f, 199f–200f, 348–350

bones of, 136–139, 348
carrying angle of, 350, 350f
epicondylitis and, 350
extension of, 429f
humeroradial joint in, 348
humeroulnar joint in, 348
ligaments of, 349, 349f
movement of, 348–349, 348f
muscles of, 349–350, 423f, 510–512
range of motion of, 349t

Electrical muscle stimulation (EMS), 589
Electromyography (EMG), 619
Elevated shoulder, 613
Elevation, 172, 172f, 340f
Elevators, contralateral, 277
EMG. See Electromyography
Eminence, 70. See also Hypothenar eminence 

group; Thenar eminence group
Empty end-feel, 561
EMS. See Electrical muscle stimulation
End-feel, 559–561

bone-to-bone, 561
empty, 561
muscle spasm, 561
soft tissue approximation, 560
soft tissue stretch, 559–560
springy-block, 561

Endochondral ossification, 44–45, 44f
Endomysium, 385
Endorphin, 598
Endosteum, of long bone, 37
Endplate. See Vertebral endplate
Endurance, strength, 656–657
Endurance training, 648
Energy crisis hypothesis, 390b
Epicondyle, 70
Epicondylitis, 350
Epicranius, 536–537, 536f–537f
Epimysium, 385
Epiphysial disc, 44
Epiphysis, of long bone, 36
Epithelial tissue, 40
Equilibrium, 583, 590, 593
Erector spinae, 229, 522, 522f

attachments of, 522
functions of, 522
iliocostalis of, 522, 522f
longissimus of, 522–523, 522f
spinalis of, 523, 523f

Ethmoid bone, 74f–75f, 81f, 85, 85f
Eversion, 169–170, 169f
Exclusion criteria, definition of, 571
Exercise. See also Resistance; Stretching

aerobic vs. anaerobic, 390b, 657
agility training, 648, 648f
aids for, 670–672

ammonia as, 671, 672f
belts as, 670, 670f, 672, 673f
bench shirts/squat suits as, 671, 671f
chalk as, 671, 672f
gloves as, 672, 672f
knee wraps as, 670–671, 671f
shoes as, 672, 673f
wrist straps as, 671, 672f

aqua therapy, 436, 653, 654f
ATP’s role in, 657, 658f
balance training, 648, 668f
bands for, 418, 650–651, 651f–652f
benefits of, 642
chains for, 650–651, 652f
definition of, 641–642
endurance training, 648
execution of, 656–661

Karvonen formula for, 658
recovery factors in, 661
rep max in, 659
rep ranges in, 656–657
rest interval in, 660
tempo of, 657–659
time under tension in, 657–659
volume of, 656
workload in, total, 660–661

free weight, 649–650, 650f
machines for, 651–653, 652f–653f

cable, 653–656, 655f
isokinetic, 653f
leverage, 653–656, 655f
vibration, 653f

muscle fiber altered by, 657
oxygen debt from, 390
plyometric, 586, 647, 647f
power, 664
program of, 666–672

Crossfit, 669
kettlebell, 669–670
MAT, 670
new client tips in, 667–669
Pilates, 670
Rippetoe’s Starting Strength, 669
selection of, 666–667
Westside Barbell, 669
workload-recovery balance in, 667
yoga, 670

purposes of, 641–643
resistance, 435b, 436f

progressive, 650–653
scar tissue adhesion breakup with, 60b
speed training, 647
strengthening, 640–641
technique for, 661–665

advanced, 664–665
cheating in, 663–665
gravity and, 661–662
joint angle in, 661–662
muscle shaping in, 665, 666f
proper form in, 663–665
range of motion in, 662–663
SAID principle in, 665
specificity training in, 665

tubes for, 650–651
types of, 643–645

CKCE, 644–646
compound, 643
functional, 643
isolation, 643
isometric, 644
OKCE, 644–646
stabilization, 643–644

unilateral training, 648–649
Expiration, 243b
Extension, 163, 164f

of elbow joint, 429f
of glenohumeral joint, 331f
horizontal, 177, 177f
hyper-, 177–178, 178f
of spinal joints, 225f

Extensor. See also specific extensor
hip joint, 276f, 619–621
knee joint, 622
reflex, crossed, 594, 595f
wrist group, 514, 514f

Extensor carpi radialis, 514, 514f
Extensor carpi ulnaris, 514, 514f
Extensor digiti minimi, 516, 516f
Extensor digitorum, 374b, 516, 516f
Extensor digitorum brevis, 553, 553f
Extensor digitorum longus, 552, 552f, 

620f

Exercise (Continued)
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Extensor expansion. See Digital expansion
Extensor hallucis brevis, 553, 553f
Extensor hallucis longus, 552, 552f, 620f
Extensor indicis, 517, 517f
Extensor pollicis brevis, 517, 517f
Extensor pollicis longus, 517, 517f
Extrafusal fibers, 584
Extremity

body part relationships of, 4
bones of, 71t
lower, 3, 110, 110f
upper, 3, 130, 130f

joints of, 327

F
Face, 71t. See also Facial expression, muscles 

of
Facet, of bone, 70
Facet joint, 206f, 223–224, 223f

coupling of, 224
fibrous capsules of, 226, 232
planes of, 224f

Facial expression, muscles of, 536–541
False ribs, 244
Fascia, 51–54

areolar, 52
bodywork’s effect on, 36
collagen fiber, 52–53
components of, 52–54, 53f

cells as, 52
fibers as, 52–53, 54f
ground substance as, 53–54, 53f

deep, 52, 385–386
dense, 52
extracellular level of, 56f
fibrous, 52
healing process of, 58
loose, 52
muscular, 385–386

aponeurosis as, 36
organization of, 42f
tendon as, 36

palmar, 356
plantar, 305–306
proprioceptors of, 583–584
stress response of, physical, 57–59

myofibroblast formation in, 58–59, 
59f

piezoelectric effect in, 57–59, 57f
subcutaneous, 52
thoracolumbar, 252–253, 252f
types of, 52

Fascial web, 54–56, 57f. See also Myofascial 
web

anatomy of, 54
cellular level of, 55f
physiology of, 54–56
seamlessness of, 55f
as skeletal framework, 55–56
tension force transmission by, 56

Fascicle, 384, 384f
Fatigue-resistant fiber, 401
Feldenkrais technique, 579b
Femoroacetabular joint. See Hip joint
Femoropelvic rhythm, 289, 289f
Femur

angles of, 286–287
inclination, 286–287, 287f
torsion, 287, 288f

views of
anterior and posterior, 116, 116f
lateral and medial, 117, 117f
proximal and distal, 118, 118f

Fiber. See also Muscle fiber
collagen, 40

fascia’s, 52–53
tensile strength of, 53

elastin, 52–53
extrafusal, 584
of fascia, 52–53, 54f
intrafusal, 584
reticular, 52–53

Fibroblast, 52, 53f
Fibrocartilage, 51, 51f
Fibronectin molecules, 55–56

Fibrous capsule, 212–215, 294
of facet joints, 226, 232
of glenohumeral joint, 332
of hip joint, 284–285
of metatarsophalangeal joint, 321
of subtalar joint, 316
of talocrural joint, 309
of temporomandibular joint, 212–215
of tibiofemoral joint, 294

Fibrous fascia, 52
Fibrous joint, 193, 195, 195f

gomphosis, 195
suture, 195
syndesmosis, 195

Fibula, 120–123, 120f–123f
Fibular trochlea, 129f
Fibularis, in gait cycle, 620f
Fibularis brevis, 550, 550f
Fibularis longus, 126f, 550, 550f
Fibularis tertius, 550, 550f
Finger joints, muscles of, 515–521
Fissure, of bone, 70
Fixation, 461–463
Fixator muscles, 447, 458–461

characteristics of, 461
determination of, 467, 468t
second-order, 474b
unwanted actions and, 457–458

Flat bones, 35
Flat foot, 305, 316
Flexion, 163, 164f

dorsi-, 168–169, 169f, 308f
of forearm, 10f, 159f
of glenohumeral joint, 331f
of hand, 11f
horizontal, 177, 177f
lateral, 166, 166f
plantar-, 168–169, 169f, 308f
of spinal joints, 225f

Flexor. See also specific flexor
functional mover group, 424f–425f
of hip joint, 276f, 619
of knee joint, 622–623
of talocrural joint, 623
withdrawal reflex, 594, 594f
of wrist group, 513, 513f

Flexor carpi radialis, 513, 513f
Flexor carpi ulnaris, 513, 513f
Flexor digiti minimi manus, 519, 519f
Flexor digiti minimi pedis, 555, 555f
Flexor digitorum brevis, 554, 554f
Flexor digitorum longus, 552, 552f, 620f
Flexor digitorum profundus, 515, 515f
Flexor digitorum superficialis, 515, 515f
Flexor hallucis brevis, 555, 555f, 620f
Flexor hallucis longus, 553, 553f
Flexor pollicis brevis, 518, 518f
Flexor pollicis longus, 515, 515f
Flexor retinaculum, 356
Flexor withdrawal reflex, 594, 594f
Floating ribs, 244
Focal adhesion molecules, 55–56
Fontanel, 46, 46f
Foot, 4f–5f, 303–306. See also Subtalar joint

arches of, 305, 305f
clinical implications of, 305
dropped, 614–615
observation of, 305

body part relationship of, 4
bones of, 125–129
flat, 305, 316
functions of, 303–304
in gait cycle, 618, 618b
joints of, 304–305
movement of, 8f
organization of, 303
pillar of, central stable, 318–319
plantar fascia of, 305–306
pronation of, 316, 316b
regions of, 303, 304f
views of

dorsal, 126, 126f
lateral, 129, 129f
medial, 128, 128f
plantar, 127, 127f

Foramen
of bone, 70
optic, 81f
transverse, 235
of Weitbrecht, 334

Force
bowstring, 301, 306b
of breathing, 243b
compression, 645
internal vs. external, 444b, 490
lateral, transmission of, 385
muscle contraction’s, 480

resistance to, 446, 447f
transfer of, 428, 429f

resistance, leverage of, 496–499, 496f
shearing, 645
of stretching, optimal, 629–630
tension, transmission of, by fascial web, 

56
Force-couple, 451b
Force-velocity, relationship curve of, 488–490, 

489f
Forearm, 4f–5f

body part relationship of, 4
bones of, 140–151
flexion of, 10f, 159f
movement of, 8f–9f
skeletal structure of, 354f

Forefoot, 303, 304f
Forward-head posture, 217
Fossa, of bone, 70
Fracture

callus in, 47, 47f
healing of, 47, 47f
hematoma in, 47, 47f

Free nerve endings, 582b, 582f
Free weights, 649–650, 650f
Frontal bone, 74f–77f, 79f, 81f, 83, 83f
Frontal plane, 22

joint-muscle crossing in, 424
pelvic, 273, 275f, 277, 278f
postural distortions, 605–606, 606f
scapulohumeral rhythm and, 345

Frontal-horizontal axis. See Mediolateral axis
Frontozygomatic suture, 75f, 77f
Functional exercises, 643
Functional joint, 188b, 194, 194t, 336
Functional mover group, 422

abductor, 425f
determination of, 423–425
flexor, 424f–425f
learning approach with, 422
location differences in, 426f

G
Gait, 602, 616b, 616f
Gait cycle, 616–619, 617f

foot function during, 618b
landmarks in

foot-flat as, 618
heel-off as, 618
heel-strike as, 618
midstance as, 618
toe-off as, 618

muscular activity during, 619–623, 620f
hip joint, 619–622
knee joint, 622–623
subtalar, 623
talocrural joint, 623

phases of, 616–619, 617f
stance, 618
swing, 618–619

Gamma motor system, muscle innervation 
by, 588f

Gastrocnemius, 550, 550f, 620f
Gate theory, 598–599, 599f
Gemellus

inferior, 546, 546f
superior, 545, 545f

Genetics, exercise recovery and, 661
Geniohyoid, 535, 535f
Genu recurvatum, 302, 302f
Genu valgum, 299–300, 299f
Genu varum, 299–300, 299f
Ginglymus joint. See Hinge joint
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Girdle. See Pelvis; Shoulder girdle
Glabella, 75f, 77f
Glenohumeral joint, 199f, 330–335. See also 

Scapulohumeral rhythm
anterior and posterior views of, 131f
bones of, 131–135, 330
ligaments of, 332–334, 333f–334f

fibrous capsule, 332
movement of, 330–332

abduction/adduction, 331f
flexion/extension, 331f
range of motion in, 332t
reverse action, 332
rotation, 333f

muscles of, 335, 507–509
Glenoid process, 106f
Gliding motion, 156–157, 160–161
Global tightening, 586b–587b
Gloves, exercise, 672, 672f
Glucosamine, 50
Glucose

muscle types and, 400b
respiration of, 389–390, 390b

Gluteus maximus, 544, 544f
attachments to, 544
functions of, 544
in gait cycle, 620f

Gluteus medius, 420f, 544–545, 544f
attachments to, 545
functions of, 545
in gait cycle, 620f

Gluteus minimus, 545, 545f
attachments to, 545
functions of, 545
in gait cycle, 620f

Glycolysis, 390b, 657
Glycolytic fiber, 401
“Going along for the ride”, 10
Golfer’s elbow, 350
Golgi tendon organs, 583, 588–589

reflex of, 588
neural pathways of, 589f
stretching and, 589b–590b

Gomphosis joint, 195
Gracilis, 543, 543f
Gravity, 440b

action in question and, 455–456
concentric muscle contraction and, 

440–442, 441f
eccentric muscle contraction’s resistance of, 

444, 444f
exercise technique and, 661–662
isometric muscle contraction’s resistance 

to, 446, 447f
Groove, of bone, 70
Ground substance, 40

of cartilage matrix, 50
of fascia, 53–54, 53f

Growth plate, 44

H
Hallux valgus, 323
Hamate, 146f–147f
Hamstring group, 548–549, 548f–549f
Hand, 4f–5f, 354–357

arches of, 355, 355f
body part relationship of, 4
bones of, 140–151, 354
flexion of, 11f
functions of, 354
joints of, 354–355

metacarpophalangeal, 202f
movement of, 9f
skeletal structure of, 354f
views of

anterior, 148, 148f
flexed, 151, 151f
medial, 150, 150f
posterior, 149, 149f

H-band, 396
Head, 4f–5f. See also Protracted head

body part relationship of, 4
forward posture, 217

Head, myosin, 387, 388f–389f
Head, of bone, 70

Health
exercise’s benefits for, 642
of spine, 463

Heart rate monitor, 658
Heberden’s nodes, 376
Heel

in gait cycle landmarks, 618
spur, 305

Hematoma, in fracture, 47, 47f
Hematopoiesis, as bone function, 39, 

39f
Henneman size principle, 481
Hiatus, of bone, 70
High-heeled shoes, postural distortion from, 

612–613
Hindfoot, 303, 304f
Hinge joint, 200
Hip joint, 7f, 282–286

bones of, 111–115, 282
fibrous capsule of, 284–285
ligaments of, 284–286, 284b, 285f
movement of, 282, 283f–284f

pelvis and, 267, 268f–270f, 271, 
276–277

reverse action, 282
muscles of, 286, 542–546

abductor, 278f, 621
adductor, 278f, 621
extensor, 276f, 619–621
flexor, 276f, 619
gait cycle and, 619–622
rotator, 279f, 621–622

range of motion of, 282t
HMRT. See Human resting muscle tone
Hold stress, 586b–587b
Holding, of object, leverage and, 497b
Horizontal axis. See Anteroposterior axis; 

Mediolateral axis
Horizontal plane, 23
Hormone

exercise recovery and, 661
parathyroid, 40

Human resting muscle tone (HMRT), 
393

assessment of, 566
learned behavior and, 579b

Humeroradial joint, 348
Humeroulnar joint, 348
Humerus, views of

anterior and posterior, 136, 136f
lateral and medial, 137, 137f
proximal and distal, 138, 138f

Hyaline cartilage, 50–51, 51f
Hydroxyapatite crystals, 41
Hyoid bone, 71t, 90
Hyoid group

digastric of, 534, 534f
geniohyoid of, 535, 535f
mylohyoid of, 534, 534f
omohyoid of, 536, 536f
sternohyoid of, 535, 535f
sternothyroid of, 535, 535f
stylohyoid of, 535, 535f
thyrohyoid of, 536, 536f

Hyperextension, 177–178, 178f
Hyperkyphosis, 219b, 241
Hyperkyphotic thoracic spine, 612
Hyperlordosis, 219b, 245
Hyperlordotic lumbar spine, 612
Hypermobility, of joints, 610
Hyperplasia, myofibrillar, 656
Hypertrophy

myofibrillar, 656
sarcoplasmic, 656

Hypnic jerk, 596
Hypomobility, of joints, 610
Hypothenar eminence group, 519
Hypothesis, definition of, 570
Hysteresis, 64

I
I-band. See Isotropic band
Iliacus, of iliopsoas, 542, 542f
Iliocostalis, 522, 522f
Iliofemoral ligament, 285–286

Iliolumbar ligament, 262
Iliopsoas. See also Psoas major; Psoas minor

in gait cycle, 620f
iliacus of, 542, 542f

Ilium, 112f–115f
Immune system, exercise recovery and, 

661
Impression, of bone, 70
Inclusion criteria, definition of, 571
Inferior gemellus. See Gemellus
Infraorbital margin, 75f
Infraspinatus, 509, 509f
Inner ear

canals of, semicircular, 592–593
crista ampullaris of, 592, 592f
maculae of, 591f, 592
proprioceptors of, 590–593, 593b

dynamic, 592–593
static, 592

structure of, 591f
vestibule of, 592

Innervation, to muscle, 391, 588f
Innominate bone, 258
Inspiration, 243b
Insufficiency. See Active insufficiency
Integrin molecules, 55–56
Interclavicular ligament, 341
Intercostals

external, 531, 531f
internal, 531, 531f

Intermetacarpal joint, 355, 369–371, 
370f

Intermetatarsal joint, 304, 319–320, 
320f

Internasal suture, 75f
Interphalangeal joint, 305, 376f

manus, 355, 376–379
ligaments, 377–378, 378f
movement, 376–377, 376f
muscles, 378
range of motion, 377t

pedis, 323–324, 324f
ligaments, 324
movement, 324
muscles, 324
range of motion, 324b

Interspinales, 524–525, 524f
Interspinous ligament, 227
Intertendinous connection, 374b
Intertransversarii, 525, 525f
Intertransverse ligament, 227
Intervertebral disc joints. See Disc joints
Intrafusal fibers, 584
Intramembranous ossification, 45
Intrasternal joints, 245
Inversion, 169–170, 169f
Irregular joint, 206
Ischemia, 473b, 597
Ischiofemoral ligament, 286
Isokinetic machine, 653f
Isolation exercises, 643
Isometric exercises, 644
Isometric muscle contraction. see Muscle 

contraction
Isotropic band (I-band), 396

J
Jammer press, 644f
Joint, 6, 154. See also Acromioclavicular joint; 

Elbow joint; Facet joint; Fibrous joint; 
Glenohumeral joint; Hip joint; 
Interphalangeal joint; Knee joint; 
Metacarpophalangeal joint; 
Metatarsophalangeal joint; Movement; 
Radioulnar joint; Sacroiliac joint; Saddle 
joint of the thumb; Scapulocostal joint; 
Shoulder joint complex; Spinal joints; 
Sternoclavicular joint; Subtalar joint; 
Suture joint; Synovial joint; Talocrural 
joint; Tarsal joint; Temporomandibular 
joint; Tibiofemoral joint; Wrist joint 
complex; specific joint

amphiarthrotic, 194
anatomy of, 188, 189f
atlantoaxial, 230–234, 232f, 232t
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atlanto-occipital, 229–230, 229f–231f, 230t, 
232–234

ball-and-socket, 204
body parts connected with, 6, 6f
calcaneocuboid, 317
capsule, 198
carpometacarpal, 355, 363–366, 363f–365f, 

365t
cartilaginous, 193, 196–197
cavity of, 194, 198
of cervical spine, 235
chondrosternal, 244–245
Chopart’s, 317
classification of, 193–194

anatomic, 336
functional, 188b, 194, 194t, 336
structural, 188b, 193–194, 193t

compensation by, 662
compound, 188
condyloid, 201
congruency of, 190b, 207
costochondral, 244–245
costocorporeal, 241
costospinal, 108, 108f, 240–244, 244b
costotransverse, 240, 242–244
costovertebral, 240, 242
crossing by

frontal plane, 424
multiple, 420–421, 421f
sagittal plane, 424
transverse plane, 424–425

diarthrotic, 194
double, 372–374
dysfunction of, 612
of extremity, lower, 327
of finger, 515–521
of foot, 304–305
function of, 155
gomphosis, 195
of hand, 202f, 354–355
hinge, 200
humeroradial, 348
humeroulnar, 348
intermetacarpal, 355, 369–371, 370f
intermetatarsal, 304, 319–320, 320f
intrasternal, 245
irregular, 206
of lumbar spine, 247
lumbosacral, 247, 263, 264f–266f, 271, 273
manubriosternal, 245
midcarpal, 354–355, 358f, 359, 362
mobility of

hyper-, 610
hypo-, 610
stability vs., 190–191

mobilization of, 560b
mortise, 307
motion of, 446, 557
mouse, 561
patellofemoral, 290, 298–299
physiology of, 189–190
pivot, 201
plane, 206
play, 559, 560b
position of, open-packed/closed-packed, 

190b
proprioceptors, 583–584
in protracted head posture, 612
radiocarpal, 354–355, 358–359, 358f, 362
of ribcage, 241–245, 242f
saddle, 201
shock absorption by, 191
simple, 188
stability of, 190–191, 493
sternocostal, 244–245
sternoxiphoid, 245
symphysis, 196
synarthrotic, 194
synchondrosis, 196–197
syndesmosis, 195
talocalcaneal, 313
talonavicular, 317
tarsometatarsal, 304, 318–319, 318f
terminology of, 161–163

of thumb, 202, 203f
tibiofibular, 302–303, 303f
ulnocarpal, 358–359
uncovertebral, 236
weight bearing, 192, 193f

K
Karvonen formula, 658
Kettlebell, 669–670
Kinesiology, terminology of, 14
Knee joint, 7f, 119, 199f, 208f, 290, 290f. 

See also Tibiofemoral joint
angulations of, 299–302

genu recurvatum, 302, 302f
genu valgum/varum, 299–300, 299f
Q-angle, 300–301, 300f

bones of, 116–119, 290
muscles of, 547–549

extensor, 622
flexor, 622–623
gait cycle and, 622–623

views of, 119f
Knee wrap, 670–671, 671f
Knock knees, 300
Krause’s end bulbs, 582b, 582f
Krebs cycle, 390b, 657
Kyphosis, 219b, 241

L
Labyrinth. See Inner ear
Labyrinthine proprioceptors, 592
Labyrinthine righting reflex. See Righting 

reflex
Lacrimal bone, 74f–77f, 87, 87f
Lactic acid, creation of, 390b
Lambdoid suture, 77f–78f, 81f
Langer’s lines, 55
Large fiber, 401
Lat pull-down, 645f
Lateral force, transmission of, 385
Latissimus dorsi, 508, 508f
Learned behavior/reflex, 579b
Leg, 4f–5f

body part relationship of, 4
bones of, 120–124
bow-, 300
short, 615

Length-tension, relationship curve of, 
488–490, 489f

Levator anguli oris, 540, 540f
Levator labii superioris, 539, 539f
Levator labii superioris alaeque nasi, 539, 

539f
Levator palpebrae superioris, 537, 537f
Levator scapulae, 459f, 465f, 505–506, 505f
Levatores costarum, 532, 532f
Lever, 490

arm, 490, 493, 493f
class of, 494–495, 494f

first, 494, 495f
second, 494–495, 495f
third, 495, 496f

simple, 490f
Leverage, 491

advantages and disadvantages of, 492b
bending over and, 497b–498b
as bone function, 38, 38f
in human body, 491–492
machines, exercise with, 653–656, 655f
mechanical advantage of, 491, 491f
of muscle, 490–493
object holding and, 497b
of resistance forces, 496–499, 496f

Ligament, 60, 291–296, 293f. See also Cruciate 
ligament; Fibrous capsule

acetabular, 286
of acromioclavicular joint, 343–344
alar, 234
arcuate pubic, 259
of atlanto-occipital/atlantoaxial region, 

232–234
bifurcate, 318
calcaneocuboid, 318
calcaneonavicular, 318

carpal, 356, 362
of carpometacarpal joint, 365, 365f
cervical, 316
of cervical spine, 232b
collateral, 294, 309, 316–317, 321
composition of, 60f
coracoclavicular, 344
coracohumeral, 334
coronary, 296
costoclavicular, 341–342
of costospinal joints, 244b
of elbow joint, 349, 349f
glenohumeral joint, 332–334, 333f–334f
of hip joint, 284–286, 284b, 285f
iliofemoral, 285–286
iliolumbar, 262
interclavicular, 341
of intermetacarpal joints, 371
of intermetatarsal joint, 319
of interphalangeal joint manus, 377–378, 

378f
of interphalangeal joint pedis, 324
interspinous, 227
intertransverse, 227
ischiofemoral, 286
ligamentum teres, 286
meniscofemoral, 296
metacarpal, 371
of metacarpophalangeal joint, 374–375, 

375f
of metatarsophalangeal joint, 321–323, 323f
nuchal, 227, 228f, 232
odontoid, apical, 234
patellar, 295
periodontal, 196f
plantar, 318
popliteal, 295
in protracted head posture, 612
pubofemoral, 286
radiate, 242
radiocarpal, 362
of radioulnar joints, 352–354, 353f
of sacroiliac joints, 260–262, 261f
sacrospinous, 262
sacrotuberous, 262
of saddle joint of the thumb, 368–369, 369f
sphenomandibular, 215–216
of spinal joints, 225–229, 225b, 227f
spring, 316, 318
of sternoclavicular joint, 341–342, 341f
stylomandibular, 215
of subtalar joint, 316–317
supraspinous, 227
of symphysis pubis, 259
in synovial joints, 198
talocalcaneal, 316
of talocrural joint, 309, 310f–311f, 316–317
of tarsal joint, 310f–311f, 318
tear of, 60
temporomandibular, 215
of temporomandibular joint, 212–216
of tibiofemoral joint, 291–296, 293f
of tibiofibular joint, 302–303
of wrist joint complex, 359–362, 361f, 362b

Ligamenta flava, 226
Ligamentum teres, 286
Limb buds, 288
Line, of bone, 70
Linea alba, 253
Lip, of bone, 70
Lister’s tubercle, 141b
Location terminology, 16, 21
Long bones, 35–37, 37f

articular cartilage of, 36
diaphysis of, 36
endosteum of, 37
epiphysis of, 36
medullary cavity of, 37
periosteum of, 36–37

Longissimus, 522–523, 522f
Longitudinal muscle, 482

pennate muscles compared to, 484
types of, 482, 483f

Longus capitis, 527, 527f

Joint (Continued) Joint (Continued) Ligament (Continued)



684 Index

Longus colli, 526, 526f
Loose fascia, 52
Lordosis, 219b, 245
Lower crossed syndrome, 586b–587b
Lumbar spine, 100–101, 245–247. See also 

Thoracolumbar spine
composition of, 245
curvature of, 245
endplates of, 103, 103f
functions of, 245–246
hyperlordotic, 612
joints of, 247
movement of, 246–247
range of motion of, 245t
in spinal column, 88f–89f
vertebra of, 102, 102f, 218
views of

lateral, 100, 100f, 246f–247f
posterior, 101, 101f, 247f

Lumbodorsal fascia. See Thoracolumbar fascia
Lumbo-pelvic rhythm, 280
Lumbosacral joint, 247, 263, 264f–266f, 271, 

273
Lumbricals manus, 520, 520f
Lumbricals pedis, 555, 555f
Lunate, 146f–147f
Lunate cartilage, 286

M
Machines, exercise, 651–653, 652f–653f

cable, 653–656, 655f
isokinetic, 653f
leverage, 653–656, 655f
vibration, 653f

Macrophages, 52
Maculae, of inner ear, 591f, 592
Mandible, 74f–79f, 81f–82f, 82
Manubriosternal joint, 245
Mapping, of body, 14
Margin, of bone, 70
Marrow, 39
Massage, creep during, 64b
Masseter, 216b, 533, 533f

attachments to, 533
functions of, 533

Mast cells, 52
Mastication, muscles of, 216b
Mastoid process, 77f
MAT. See Muscle Activation Technique
Maxilla, view of, 86, 86f

anterior, 74f–75f
inferior, 79f
internal, 80f
lateral, 76f–77f
sagittal, 81f

M-band, 396
Mean, definition of, 572
Meatus, of bone, 70
Mechanical advantage/disadvantage, 491, 

491f, 496–497
Mechanical axis, 25
Median, definition of, 572
Medication, exercise recovery and, 661
Mediolateral axis, 26
Medullary cavity, of long bone, 37
Meissner’s corpuscles, 582b, 582f
Membrane

atlanto-occipital, 232, 233f, 234
ossification in, 45
synovial, 198
tectorial, 232–234

Meniscal horn attachment, 296
Menisci, 207–208, 296–297
Meniscofemoral ligament, 296
Mentalis, 541, 541f
Merkel’s discs, 582b, 582f
Meromyosin, 397
Metacarpal ligament, 371
Metacarpophalangeal joint, 355, 371–375, 

372f
bones of, 371–372
ligaments of, 374–375, 375f
movement of, 372–374, 373f
muscles of, 375
range of motion of, 372t, 374t

Metacarpus, 354
Metatarsal, 126f–129f
Metatarsophalangeal joint, 304, 320–323, 

321f
bones of, 320–321
ligaments of, 321–323, 323f
movement of, 321, 322f
muscles of, 323
range of motion of, 321t
reverse action of, 321

Midcarpal joint, 354–355, 358f, 359, 362
Midfoot, 303, 304f
Midsagittal plane, 23
Military neck, 611
Mind-body connection, 669
Mind-to-muscle connection, 669
Mitochondria, 386–387
Moment arm, 490
Mortise joint, 307
Motion. See also Movement

ballistic, 559
curvilinear, 157
gliding, 156–157, 160–161
of joints, 446, 557
passive, 561f
planes of

body motion in, 23, 23f–25f
synergist muscles in, 472f

resisted, 561, 562f
musculoskeletal assessment and, 563–564

Motor cortex, cerebral, 577
Motor end plate, 391, 392f
Motor system, gamma, 588f
Motor unit, 393, 394f
Mouse, joint, 561
Movement. See also Pelvis; Range of motion; 

Reverse action
of acromioclavicular joint, 342–343
of arm, 7f
axial/circular, 25, 25f, 155–156, 158

axis of movement in, 159
rolling, 160–161
spinning, 25, 160–161

of body, whole, 23, 23f–25f
of body parts, 7–8, 10
bucket handle, 243f
of carpal bones, 157f
of carpometacarpal joint, 364f, 365
core stabilization’s effect on, 462
coupled, 329
of elbow joint, 348–349, 348f
of foot, 8f
of forearm, 8f–9f
glenohumeral joint’s, 330–332, 331f, 332t, 

333f
of hand, 9f
hip joint, 267, 268f–270f, 271, 276–277, 

282, 283f–284f
of intermetacarpal joints, 371
of intermetatarsal joint, 320
of interphalangeal joint manus, 376–377, 

376f
of interphalangeal joint pedis, 324
of lumbosacral joint, 263, 264f–266f, 271
of metacarpophalangeal joint, 372–374, 

373f
of metatarsophalangeal joint, 321, 322f
from muscle contraction, 447–448
of neck, 10f, 239f
nervous system’s direction of, 577–580, 

578f
nonaxial, 155–156

curvilinear, 157
gliding, 156–157, 160–161
rectilinear, 157

oblique plane, 179–180, 179f–180f
patterns, 476b
of radioulnar joints, 351–352, 352b, 352f
reflex, 578–580
of sacroiliac joint, 260
of sacrum, 261f
of saddle joint of the thumb, 366–368, 

367f
scapulocostal joint’s, 336–339, 336b, 

337f–338f, 337t

of spinal column, 273
of spinal joints, 224, 225f–226f
spine’s

cervical, 237, 238b
lumbar, 246–247
thoracic, 241
thoracolumbar, 250f–251f

sternoclavicular joint’s, 339–341, 339t, 340f
subtalar joint’s, 314, 314t, 315f, 316b
of symphysis pubis, 259
of talocrural joint, 308–309, 308b, 308f, 308t
of tarsal joint, 317
of tarsometatarsal joint, 319
of temporomandibular joint, 212
of thigh, 276–277
tibiofemoral joint’s, 291, 291b, 292f, 294
true, 10
types of, 577–580
voluntary, 577–578, 578f
of wrist joint complex, 359, 360f

Mover muscles, 414, 434–435, 435f, 451–452. 
See also Functional mover group

assistant, 451
characteristics of, 452
examples of, 452f
prime, 451
treatment of, 567–568

Multifidus, 524, 524f
Multiplane stretching, 629
Muscle, 381. See also Antagonist muscles; 

Fixator muscles; Functional mover group; 
Hip joint; Knee joint; Longitudinal 
muscle; Mover muscles; Muscle 
contraction; Muscle fiber; Neutralizer 
muscles; Pennate muscle; Skeletal muscle; 
Subtalar joint; Talocrural joint; specific 
muscle

agonist, 451
anatomic action of, 430–432
of ankle, 549–551
of atlanto-occipital/atlantoaxial region, 234
attachment axis of, 426, 427f
of back, lower, 529
bodywork’s effect on, 36
contralateral, 453
as dumb machine, 421–422
of elbow joint, 349–350, 423f, 510–512
of facial expression, 536–541
facilitation of, muscle spindles and, 

586b–587b
of finger joints, 515–521
function of, 413–414
of glenohumeral joint, 335, 507–509
HMRT of, 393
inhibition of, muscle spindles and, 

586b–587b
innervation to, 391

gamma motor system’s, 588f
of interphalangeal joint manus, 378
of interphalangeal joint pedis, 324
joint crossing by

frontal plane, 424
multiple, 420–421, 421f
sagittal plane, 424
transverse plane, 424–425

learning about
five-step approach to, 416–418
functional group approach to, 422
rubber band exercise for, 418

leverage of, 490–493
locked long/short, 586b–587b
of mastication, 216b
of metacarpophalangeal joint, 375
of metatarsophalangeal joint, 323
mobility, 461–462
multijoint, 420–421, 421f, 662
of neck, 525
postural stabilization, 462
in protracted head posture, 611
pull angle of, 492–493, 492f–493f
pull lines of, 419–422

cardinal plane, 419
multiple, 419–420
oblique plane, 419

Movement (Continued)
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of radioulnar joints, 510–512
of respiration, 243b
of ribcage, 245, 531–532
roles of, 450

coordination of, 472–475, 474f–475f
of saddle joint of the thumb, 369
of scapulocostal, 339
shaping of, 665, 666f
of shoulder girdle, 505–506
soreness of, 661
of spinal joints, 229, 522–530
splinting, 597
stabilizer, 458–461
strength of, intrinsic vs. extrinsic, 482b
stretching of, 628–629
striated, 382
structure of, 414, 437
support, 469–470

examples of, 469f–470f
overuse of, 470

synergist, 471
planes of motion of, 472f

in synovial joints, 198
of temporomandibular joint, 216, 533–536
of tibiofemoral joint, 296
tightness of, chronic, 48b
tissue, 40
of toe, 552–556
tonic, 462
types of, 382

glucose breakdown and, 400b
of wrist joint complex, 363, 513–514

Muscle Activation Technique (MAT), 670
Muscle contraction, 434

co-contraction, 454b, 580
concentric, 414, 414f, 436–442, 437f

car analogy for, 442, 442f
gravity neutral, 440, 441f
gravity’s interaction with, 440–442
movement creation from, 447
shortening, 440
vertically downward, 440–442, 441f
vertically upward, 440, 441f

eccentric, 414, 435–437, 437f, 439, 443–445
car analogy for, 444–445, 445f
gravity resistance by, 444, 444f
lengthening, 443, 443f
momentum resistance by, 444, 445f
movement modification from, 447

force of, 480
transfer of, 428, 429f

isometric, 436–437, 436f–437f, 439, 446
clinical effects of, 473b
force resistance by, non-gravity, 446, 

447f
gravity resistance by, 446, 447f
joint motion with, 446
movement stoppage from, 447
same-length, 446
spasm of, 597b

movement vs. stabilization from, 447–448
“muscle that is working” in, 455–456

unwanted actions of, 457–458
nervous system control of, 391–393, 438
partial, 481
resistance to, 435b
scenarios of, 415f–416f
skeletal, 383f, 391f
sliding filament mechanism and, 437–439
types of, 434–437, 437f

Muscle fiber, 384, 384f
all-or-none-response law of, 394, 395f, 

421–422, 480
architecture of, 482–484
exercise’s alteration of, 657
fatigue resistance/susceptibility of, 401
hybrid, 657
interior of, 43f
intermediate-twitch, 400
microanatomy of, 37
red slow-twitch, 400–401
slow vs. fast percentage, variability in, 401
types of, synonyms for, 401
white fast-twitch, 400–401

Muscle memory, 393
Muscle palpation, 565–567

guideline for, five-step, 566–567, 
566f

reciprocal inhibition and, 581b
target muscle in, 566–567

Muscle spasm end-feel, 561
Muscle spindles, 583–586

location of, 585f
muscle facilitation and, 586b–587b
muscle inhibition and, 586b–587b
reflex of, 585–586, 585f, 629–630

Muscular fascia, 385–386
as aponeurosis, 36
organization of, 42f
as tendon, 36

Musculoskeletal assessment. See Assessment, 
musculoskeletal

Musculoskeletal pathology, 59
Musculoskeletal reflexes, 594–596
Mylohyoid, 534, 534f
Myofascial meridian, 56, 402–411

application of, 409b
connective nature of, 409b
continuity, 402f
dissection of, 408f
major, 11, 403f–407f
of monkey, 408f
theory, 402

Myofascial unit, 36
Myofascial web, 57f
Myofibril, 387
Myofibrillar hyperplasia, 656
Myofibrillar hypertrophy, 656
Myofibroblast, 628

formation of, 58–59, 59f
in musculoskeletal pathology, 59

Myoglobin, 387
Myosin

cross-bridge, 388, 399f
filament, 388f–389f, 396–397, 397f
head, 387, 388f–389f
tail, 397

Myostatic reflex, 585

N
Nasal bone, 74f–77f, 80f–81f, 87, 87f
Nasal concha, 74f–75f
Nasal spine, 77f
Nasalis, 538, 538f
Nasomaxillary suture, 75f
Navicular bone, 126f–129f
Neck, 4f–5f. See also Cervical spine

body part relationship of, 4
military, 611
movement of, 10f, 239f
muscles of, 525
proprioceptors of, 593b
tonic reflex of, 594–596, 595f

Neck, of bone, 70
Nerve

endings, free, 582b, 582f
impulse, 575
tissue, 40

Nervous system, 575–577
central, 575–576, 576f–577f
function of, 577
information flow in, 577f
movement directed by, 577–580, 578f
muscle contraction controlled by, 391–393, 

438
peripheral, 575, 576f, 577
structure of, 576f

Neural facilitation, 579b
Neuromuscular junction, 391, 392f
Neuromuscular system, 574
Neuron, 575, 576f

afferent, 575
efferent, 575
integrative, 575
lower motor, 578
motor, 575
sensory, 575
upper motor, 577

Neurotransmitter, 391, 392f

Neutralizer muscles, 464–467
determination of, 467, 468t
examples of, 465f–466f
mutual, 467
unwanted actions and, 457–458

Nodes, Heberden’s, 376
Nonaxial movement, 155–156

curvilinear, 157
gliding, 156–157, 160–161
rectilinear, 157

Notch, of bone, 70
Nuchal ligament, 227, 228f, 232
Nutation, 260, 261f
Nutrition, exercise recovery and, 661

O
Oblique. See Abdominal oblique
Oblique axis, 26
Oblique plane, 23, 179–180, 179f–180f
Obliquus capitis inferior, 528, 528f
Obliquus capitis superior, 528–529, 528f
Obturator externus, 113b, 546, 546f
Obturator internus, 113b, 546, 546f
Occipital bone, 74f, 76f–81f, 84, 84f
Occipital protuberance, 77f
Occipitofrontalis, 536, 536f
Odontoid ligament, 234
OKCE. See Open kinetic chain exercise
Omohyoid, 536, 536f
Open kinetic chain exercise (OKCE), 644–646
Open-chain activity, 284b
Opponens digiti minimi, 519, 519f
Opponens pollicis, 518, 518f
Opposition, 175, 175f, 368b
Optic foramen, 81f
Orbicularis oculi, 537, 537f
Orbicularis oris, 541, 541f
Orbital cavity, 75f, 81, 81f
Orbital fissure, 75f, 81f
Orbital surface, 75f
Organ, definition of, 383
Ossification

center of, 44
endochondral, 44–45, 44f
intramembranous, 45

Osteoarthritis, 376
calcium deposition in, excess, 48
cartilage degeneration in, 36
core stabilization and, 464f
treatment of, 50

Osteoblast, 40
Osteoclast, 40
Osteocyte, 40, 43f
Osteoid tissue, 40
Osteon, 43f
Otoliths, 592
Ovoid joint. See Condyloid joint
Oxidative fiber, 401
Oxygen debt, 390

P
Pacini’s corpuscle, 582f, 583–584
Pain

definition of, 568
gate theory of, 598–599, 599f
good, 630
periosteum’s sensitivity to, 37
sense of, 582b
treatment of, 599

Pain-spasm-pain cycle, 597–598, 629–630
Palatine bone, 74f–75f, 79f, 87, 87f
Palm, 354
Palmar fascia, 356
Palmar interossei, 520–521, 520f
Palmar plate, 375, 377–378
Palmaris brevis, 521, 521f
Palmaris longus, 513, 513f
Parameter, definition of, 570–571
Parathyroid hormone, 40
Parietal bone, 74f, 76f–79f, 81f, 83, 83f
Patella, 119, 119f, 298
Patellar ligament, 295
Patellofemoral joint, 290, 298–299
Patellofemoral syndrome, 299
Pectineus, 543, 543f

Muscle (Continued)
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Pectoral girdle. See Shoulder girdle
Pectoralis major, 507, 507f
Pectoralis minor, 506, 506f
Pelvis, 3, 4f–5f, 258–259

body part relationship of, 4
bones of, 111–115, 258
bony, 258, 259f
full, 111, 111f
girdle of, 258
movement of, 258–259, 259b, 263, 

264f–266f
frontal plane, 273, 275f, 277, 278f
hip joints in, 267, 268f–270f, 271, 

276–277
intrapelvic, 259–262
lumbosacral joint in, 263, 264f–266f, 

271, 273
rotation, 277b
sagittal plane, 273, 274f, 276–277, 276f
spine’s relationship to, 273
thigh and, 276–277
tilt of, 281f
transverse plane, 273, 275f, 277, 279f

posture of, 280
range of motion of, 271t, 272f
rhythm of

femoropelvic, 289, 289f
lumbo-pelvic, 280

right
anterior view of, 112, 112f
lateral view of, 114, 114f
medial view of, 115, 115f
posterior view of, 113, 113f

Pennate muscle, 482
longitudinal muscles compared to, 484
pennation angle of, 485b
types of, 482–484, 484f

Pennation angle, 485b
Perichondrium, 50
Perimysium, 385
Periosteum

of long bone, 36–37
pain sensitivity of, 37

Periostitis, 37
Peripheral nervous system, 575, 576f, 577
Pes cavus, 305
Pes planus, 305
Phasic fiber, 401
Phosphate system, 657
Piezoelectric effect, 49f

in fascia’s stress response, 57–59, 57f
Wolff’s law and, 48

Pigeon toe, 287
Pilates method, 462, 652f, 670
Pin and stretch, 633–634, 633f
PIR stretching. See Post-isometric relaxation 

stretching
Piriformis, 545, 545f
Pisiform, 146f–147f
Pistol squat, 649f
Pivot joint, 201
Placebo, definition of, 571
Plane, 22–23, 22f

axes corresponding to, 26–27, 26f
body motion in, 23, 23f–25f
cardinal, 22–23, 419
coronal, 23
of facet joint, 224f
frontal, 22

joint-muscle crossing in, 424
pelvic, 273, 275f, 277, 278f
postural distortions, 605–606, 606f
scapulohumeral rhythm and, 345

horizontal, 23
midsagittal, 23
oblique, 23

movements of, 179–180, 179f–180f
sagittal, 22

joint crossing in, 424
pelvic movement in, 273, 274f, 276–277, 

276f
postural distortions in, 605–606, 606f
scapulohumeral rhythm and, 344–345

stretching in multiple, 629
synergist muscles’, 472f

transverse, 22
joint crossing in, 424–425
pelvic movement in, 273, 275f, 277, 279f
postural distortions in, 615
scapulohumeral rhythm and, 345

Plane joint, 206
Plantar fascia, 305–306
Plantar fasciitis, 305
Plantar interossei, 556, 556f
Plantar ligament, 318
Plantar plate, 323
Plantarflexion, 168–169, 169f, 308f
Plantarflexor, 623
Plantaris, 551, 551f
Planting and cutting, 622
Plasticity, of skeletal tissue, 63
Plate. See also Vertebral endplate

growth, 44
motor end, 391, 392f
palmar, 375, 377–378
plantar, 323
pterygoid, 77f
volar, 375

Platysma, 541, 541f
Plyometric exercise, 586, 647, 647f
PNF stretching. See Proprioceptive 

neuromuscular facilitation stretching
Popliteal ligament, 295
Popliteus, 549, 549f
Population, definition of, 570
Position. See Anatomic position
Post-isometric relaxation stretching (PIR 

stretching), 589b–590b
Postural distortions

dropped arch, 614–615
elevated shoulder, 613
frontal plane, 605–606, 606f
from high-heeled shoes, 612–613
hyperkyphotic thoracic spine, 612
patterns of, 608–615
plumb line, 605–606
primary, 608
protracted head, 607b, 611–612, 611f

bones in, 612
joints in, 612
ligamentous complex in, 612
muscles in, 611

rounded shoulders, 612
sagittal plane, 605–606, 606f
scoliosis, 218, 613–614, 614f
secondary, 608–609

compensatory, 608–609, 609f
consequentialist, 608, 608f

shoulder bag’s effect on, 605b
transverse plane, 615

Posture, 602
analysis of, static, 615
assessment of, 605
center of weight and, 607b
distortion patterns, 586b–587b
dynamic, 615
forward-head, 217
importance of, 603
pelvic, 280
plumb line, 603–604

distortions of, 605–606
lateral, 604, 604f
limitations of, 615
posterior, 603–604, 604f
transverse, 604

spinal, 280
stabilization muscles, 462
standing, 603–604, 615
toe-in, 287–288
toe-out, 287

Power exercise, 664
Pre-exhaust technique, 660
Pregnancy, sacroiliac joint’s loosening due to, 

262
Prevertebral group, 526–527, 526f–527f
Procerus, 538, 538f
Process

acromion, 106f
bifid spinous, 235

bifid transverse, 236
coracoid, 106f
glenoid, 106f
mastoid, 77f
styloid, 77f
uncinate, 236

Process, of bone, 70
Productive antagonism, 453
Progressive resistance, 650–653
Prominens, vertebral, 235
Pronation, 170, 170f

of foot, 316, 316b
of radius/ulna, 144, 144f
of subtalar joint, 623

Pronator quadratus, 512, 512f
Pronator teres, 471, 511, 511f
Proprioception, 581–583

dynamic, 592–593
static, 592
types of, 582b

Proprioceptive neuromuscular facilitation 
stretching (PNF stretching), 589b–590b

Proprioceptors
fascial, 583–584
inner ear, 590–593, 593b

dynamic, 592–593
static, 592

joint, 583–584
labyrinthine, 592
neck, 593b

Proteoglycans, 40, 53, 54f
Protomyofibroblast, 58
Protracted head, 607b, 611–612, 611f

bones in, 612
joints in, 612
ligamentous complex in, 612
muscles in, 611

Protraction, 171, 171f
Protuberance, of bone, 70
Psoas major, 542, 542f
Psoas minor, 530, 530f
Pterygoid, 216b

lateral, 533, 533f
medial, 534, 534f

Pterygoid plate, 77f
Pubofemoral ligament, 286
Pull angle, 492–493, 492f–493f
Pull lines, 419–422

cardinal plane, 419
multiple, 419–420
oblique plane, 419

Pull-down, lat, 645f
Push-up, 644f

Q
Q-angle, of knee joint, 300–301, 300f
Quadratus femoris, 546, 546f
Quadratus lumborum, 529, 529f
Quadratus plantae, 554, 554f
Quadriceps group, 548

R
Radiate ligament, 242
Radiocapitular joint. See Humeroradial joint
Radiocarpal joint, 354–355, 358–359, 358f, 

362
Radiocarpal ligament, 362
Radioulnar disc, 362
Radioulnar joint, 351–354, 351f

bones of, 351
distal, 351
ligaments of, 352–354, 353f
middle, 351
movement of, 351–352, 352b, 352f
muscles of, 510–512
proximal, 351
range of motion of, 352t

Radius, views of
anterior, 140, 140f
lateral, 142, 142f
medial, 143, 143f
posterior, 141, 141f
pronated, 144, 144f
proximal and distal, 145, 145f

Plane (Continued) Process (Continued)
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Ramus, of bone, 70
Random sample, definition of, 571
Range of motion

of acromioclavicular joint, 342t
active, 558–561, 563
of atlantoaxial joint, 232t
of atlanto-occipital joint, 230t
of carpometacarpal joint, 365t
of cervical spine, 237t–238t
of elbow joint, 349t
exercise technique and, 662–663
of glenohumeral joint, 332t
of hip joint, 282t
of interphalangeal joint manus, 377t
of interphalangeal joint pedis, 324b
of lumbar spine, 245t
of metacarpophalangeal joint, 372t, 374t
of metatarsophalangeal joint, 321t
musculoskeletal assessment and, 563
passive, 558–561, 563
of pelvis, 271t, 272f
of radioulnar joints, 352t
of saddle joint of the thumb, 366t
of scapulocostal, 337t
of shoulder joint complex, 330t
of spinal column, 221t
of sternoclavicular joint, 339t
of subtalar joint, 314t
of talocrural joint, 308t
of thigh, 282t
of thoracic spine, 241t
of thoracolumbar spine, 249t
of tibiofemoral joint, 291t
of wrist joint complex, 359t

Ratchet theory, 387b
Ray, 303, 354
Reciprocal inhibition, 567, 580, 580f, 581b, 

635–636
Recoil, elastic, 486
Rectilinear motion, 157
Rectus abdominis, 529, 529f
Rectus capitis, 527, 527f
Rectus capitis lateralis, 527, 527f
Rectus capitis posterior major, 528, 528f
Rectus capitis posterior minor, 528, 528f
Rectus femoris, 547, 547f

attachments to, 547
functions of, 547
in gait cycle, 620f

Rectus sheath, 253
Red bone marrow, 39
Reflex. See also Reciprocal inhibition

crossed extensor, 594, 595f
cutaneous, 596, 596f
flexor withdrawal, 594, 594f
Golgi tendon organ, 588

neural pathways of, 589f
stretching and, 589b–590b

inverse myotatic, 588
learned, 579b
movement, 578–580
muscle spindle, 585–586, 585f, 629–630
musculoskeletal, 594–596
myostatic, 585
righting, 280, 593, 596, 596f
stretch, 585
tendon, 588
tonic neck, 594–596, 595f

Reflex arc, 578
Reformer, 652f
Rehabilitation

exercise’s benefits for, 642
technique for, 663

Rejuicification, 64
Repetition, 656–657, 663

max, 659
range, 656–657

Reposition, 175, 175f
Research, 569–572

importance of, 569–570
statistical concepts in, 571–572
terminology used in, 570–571

Research article
anatomy of, 570
section’s purposes in, 570

Resistance
bodyweight, 646–649
exercises, 435b, 436f
external, 649–656
to gravity, 444, 444f, 446, 447f
leverage of, 496–499, 496f
from muscle contraction, 435b, 444, 

444f–445f, 446, 447f
progressive, 650–653
types of, 646–656

Resisted motion, 561, 562f, 563–564
Respiration

of glucose, 389–390, 390b
muscles of, 243b

Resting metabolic rate (RMR), 642–643
Resting tone. See Human resting muscle tone
Reticular fiber, 52–53
Reticulum, sarcoplasmic, 36
Retinaculum, 61, 306b

flexor, 356
of talocrural joint, 312, 312f

Retraction, 171, 171f
Retroversion, 287
Reverse action, 181–182, 415–416, 422, 

461b
of deltoid, 332b
of glenohumeral joint, 332
of hip joint, 282
of metatarsal phalangeal joint, 321
of metatarsophalangeal joint, 321
of scapulocostal joint, 339
of subtalar joint, 316b
of talocrural joint, 308–309
of thoracolumbar spine, 248b
of tibiofemoral joint, 291

Rheumatoid arthritis, 371
Rhomboids, 505, 505f
Rhythm

femoropelvic, 289, 289f
lumbo-pelvic, 280
scapulohumeral, 329, 344–345, 345f, 

476
arm abduction and, 346b–347b
coupled actions of, 345
frontal plane actions of, 345
sagittal plane actions of, 344–345
transverse plane actions of, 345

Rib, 109, 109f
false, 244
floating, 244
true, 244

Ribcage
bones of, 71t, 106–109
joints of, 241–245, 242f
muscles of, 245, 531–532
view of

anterior, 106f
lateral, 107f

Righting reflex, 280, 593, 596, 596f
Rippetoe’s Starting Strength, 669
Risorius, 540, 540f
RMR. See Resting metabolic rate
Roll, 25
Roll movement, 160–161
Rotary movement. See Axial movement
Rotation

contralateral, 168
of glenohumeral joint, 333f
ipsilateral, 168
lateral/medial, 167, 167f
off-axis attachment method for, 426
of pelvis, 277b
right/left, 167–168, 168f
of scapula, 156f, 173, 173f
of scapulocostal joint, 338f
of spinal joints, 226f
of sternoclavicular joint, 340f
of subtalar joint, 316b
of tibiofemoral joint, 291b
upward/downward, 173–174, 173f

Rotator cuff group, 508–509, 508f–509f
Rotatores, 524, 524f
Round bones. See Sesamoid bones
Rounded back, 612
Rounded shoulders, 612

Ruffini’s ending, 582f, 583–584, 584b
Running, 431f

acceleration’s source in, 647
walking vs., 618b

S
Sacral base angle, 247, 280, 281f
Sacrococcygeal spine, 104–105, 218
Sacroiliac joint, 258, 260

ligaments of, 260–262, 261f
movement of, 260
pregnancy’s effect on, 262

Sacro-occipital technique, 212
Sacrospinous ligament, 262
Sacrotuberous ligament, 262
Sacrum, 104–105, 104f–105f

movement of, 261f
in spinal column, 88f–89f

Saddle joint, 201
Saddle joint of the thumb, 366–369, 366f

bones of, 366
ligaments of, 368–369, 369f
movement of, 366–368, 367f
muscles of, 369
range of motion of, 366t

Sagittal plane. See Plane
Sagittal suture, 78f
Sagittal-horizontal axis. See Anteroposterior 

axis
SAID principle. See Specific adaptation to the 

imposed demand
Sarcomere, 387, 387f

A-band of, 396
H-band of, 396
I-band of, 396
length change of, 388–389, 389f, 438, 443f, 

487f
length-tension relationship curve of, 

488–490, 489f
M-band of, 396
structure of, 386–387, 387f, 395–398, 

395f–396f
Z-line of, 387, 389f, 396

Sarcoplasm, 36
Sarcoplasmic hypertrophy, 656
Sarcoplasmic reticulum, 36
Sartorius, 543, 543f

attachments to, 543
functions of, 543
in gait cycle, 620f

Scalene
anterior, 525–526, 525f
middle, 526, 526f
posterior, 526, 526f

Scaphoid, 146f–147f
Scaption, 171
Scapula, 107f

protraction of, 157f
rotation of, 156f, 173, 173f
views of

anterior and subscapular, 133, 133f
lateral and superior, 134, 134f
posterior and dorsal, 132, 132f

winging of, 339
Scapuloclaviculohumeral rhythm. See 

Scapulohumeral rhythm
Scapulocostal joint, 336–339, 336f

bones of, 336
movement of, 336–339, 336b, 337f

accessory, 336–339
range of motion in, 337t
reverse action, 339
rotation, 338f

muscles of, 339
Scapulohumeral rhythm, 329, 344–345, 345f, 

476
arm abduction and, 346b–347b
coupled actions of, 345
frontal plane actions of, 345
sagittal plane actions of, 344–345
transverse plane actions of, 345

Scar tissue adhesion, breakup of, 60b
Scoliosis, 218, 613–614, 614f
Screw-home mechanism, 297, 297b
Scurvy, 40
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Sella turcica, 81f
Sellar joint. See Saddle joint
Semimembranosus, 549, 549f

attachments to, 549
functions of, 549
in gait cycle, 620f

Semispinalis, 523–524, 523f
Semitendinosus, 548, 548f

attachments to, 548
functions of, 548
in gait cycle, 620f

Serratus anterior, 506, 506f
Serratus posterior inferior, 532, 532f
Serratus posterior superior, 532, 532f
Sesamoid bones, 36
Set, 656

drop, 664
super, 665

Shock absorption, by joints, 191
Shoes

exercise, 672, 673f
high-heeled, 612–613

Short bones, 35
Short leg, 615
Shoulder

corset, 329b
elevated, 613
rounded, 612

Shoulder bag, carrying of, 605b
Shoulder girdle, 3, 4f–5f, 329b

body part relationship of, 4
bones of, 131–135
coupled movement of, 329
muscles of, 505–506

Shoulder joint. See Glenohumeral joint
Shoulder joint complex, 329–330, 330f, 330t. 

See also Glenohumeral joint
Sight, sense of, 582b
Simple joint, 188
Sinus, of bone, 70
Sinus tarsus, 313
Skeletal framework, fascial web as, 

55–56
Skeletal muscle, 382, 500, 503. See also 

Sarcomere; Sliding filament mechanism
cells of, 384, 384f
characteristics of, 382
components of, 383, 383f
contraction of, 383f, 391f

nervous system control of, 391–393
Skeletal tissue, 33

contractility of, 63
creep of, 63
elasticity of, 63
plasticity of, 63
properties of, 63–65
stretch of, 63
tensile strength of, 63
weight bearing of, 63

Skeleton, 71–73
appendicular, 72f–73f
axial, 72f–73f
bones of, list of, 71t

Skull
anterior view of, 74–87, 74f–75f
bones of, 71t
inferior view of, 79, 79f
internal view of, 80, 80f
lateral view of, right, 76–77, 76f–77f
posterior view of, 78, 78f
sagittal section of, 81, 81f
suture joints of, 211–212, 212f

Sliding filament mechanism, 387b, 388–389, 
398–400, 438–439

ATP in, 389–390
muscle contraction and, 437–439
sarcomere length change and, 389f
steps of, 388f, 399f

Slipped disc, 223b
Small fiber, 401
Socket, depth of, 191f
Soft tissue approximation end-feel, 

560
Soft tissue stretch end-feel, 559–560
Soleus, 551, 551f, 620f

Soreness, exercise recovery and, 661
Space Cycle, 646f
Spasm

isometric muscle, 597b
muscle, end-feel, 561
in pain-spasm-pain cycle, 597–598

Specific adaptation to the imposed demand 
(SAID principle), 665

Speed training, 647
Sphenoid, wing of, 75f, 77f
Sphenoid bone, 74f, 76f, 78f–81f, 84, 84f
Sphenomandibular ligament, 215–216
Spin movement, 25, 160–161
Spinal column, 218–221. See also Cervical 

spine; Lumbar spine; Spinal joints; 
Thoracic spine

bones of, 71t, 88–105
cervical spine in, 88f–89f
coccyx in, 88f–89f
core stabilization’s effect on, 463
curvature of, 89b

development of, 219, 219f
kyphotic, 219b
lordotic, 219b
pelvic tilt and, 281f

elements of, 218
functions of, 219–221, 220f
lumbar spine in, 88f–89f
movement of, 273
posture of, pelvis’ effect on, 280
range of motion of, 221t
sacrum in, 88f–89f
shape of, 218–219
thoracic spine in, 88f–89f
views of

lateral, 89, 89f
posterior, 88, 88f

Spinal cord, 576
ascending pathways of, 576
descending pathways of, 576

Spinal joints, 221–229
atlantoaxial, 230–234, 232f, 232t
atlanto-occipital, 229–230, 229f–231f, 230t, 

232–234
facet, 206f, 223–224, 223f

coupling of, 224
fibrous capsules of, 226, 232
planes of, 224f

intervertebral disc, 197f, 222
annulus fibrosus of, 226
pathology of, 223b
thinning of, 197

lateral, 221f
ligaments of, 225–229, 225b, 227f
median, 221f
movement of

flexion/extension, 225f
rotation, 226f
segmental, 224
translation, 226f

muscles of, 229, 522–530
Spinalis, 523, 523f
Spine. See Cervical spine; Lumbar spine; 

Spinal column; Thoracic spine
Spine, of bone, 70
Splenius capitis, 229, 426f, 527, 527f
Splenius cervicis, 528, 528f
Splint, muscle, 597
Spongy bone, 41, 42f–43f
Sport

exercise’s benefits for, 642
planting and cutting in, 622
training for, 666–667

Sprain, 562
Spring ligament, 316, 318
Springy-block end-feel, 561
Sprinting, 648f
Spur, bone, 48, 49f, 376
Squamosal suture, 77f
Squat

bend, 498f
jump, 647f
pistol, 649f

Squat suit, 671, 671f
Stability, of joints, 190–191, 493

Stabilization
core, 461–463

movement and, 462
osteoarthritis and, 464f
spine health from, 463

exercises, 643–644
from muscle contraction, 447–448
postural, 462

Standard deviation, definition of, 571–572
Starting Strength, 669
Static stretching, 630–631, 631f
Statistics, concepts in, 571–572
Step, 616

angulation, 616b
length, 616b
width, 616b

Sternoclavicular joint, 339–342, 339f
bones of, 339
ligaments of, 341–342, 341f
movement of, 339–341

elevation/depression in, 340f
protraction/retraction in, 340f
range of motion in, 339t
rotation, 340f

Sternocleidomastoid, 229, 426f, 525, 525f
Sternocostal joints, 244–245
Sternohyoid, 535, 535f
Sternothyroid, 535, 535f
Sternoxiphoid joint, 245
Sternum, 106f

anterior view, 244f
bones of, 71t
intrasternal joints of, 245
sternocostal joints of, 244–245

Strain, 562
Strength. See also Tensile strength

endurance, 656–657
exercise’s benefits for, 642
of muscle, intrinsic vs. extrinsic, 482b

Strengthening exercise. See Exercise
Stress, 603b

on bone, 47–48
fascia’s response to, 57–59

myofibroblast formation in, 58–59, 59f
piezoelectric effect in, 57–59, 57f

hold, 586b–587b
Stressor, 603b
Stretch, of tissue

skeletal, 63
soft, 559–560

Stretch reflex, 585
Stretching, 625–630, 641

AC, 634–636, 636f
antagonist nature of, 628f
CR, 589b–590b, 590f, 634–635, 635f
CRAC, 636–637, 637f
definition, 626–627
dynamic, 630–631, 632f
exercise recovery and, 661
force of, optimal, 629–630
Golgi tendon organ reflex and, 589b–590b
multiplane, 629
of muscle, 628–629
pain-spasm-pain cycle and, 629–630
pin and stretch, 633–634, 633f
PIR, 589b–590b
PNF, 589b–590b
purpose of, 627–628
reciprocal inhibition and, 581b
static, 630–631, 631f
technique for

advanced, 633–637
basic, 630–631

tension line in, 626–627, 627f
warm up for, 630

Stretch-shorten cycle, 647
Stride, 616
Structural joint, 188b, 193–194, 193t
Stylohyoid, 535, 535f
Styloid process, 77f
Stylomandibular ligament, 215
Subclavius, 506, 506f
Subcostales, 532, 532f
Subcutaneous fascia, 52
Subluxation, 612
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Suboccipital group
obliquus capitis inferior of, 528, 528f
obliquus capitis superior of, 528–529, 528f
rectus capitis posterior major of, 528, 528f
rectus capitis posterior minor of, 528, 528f

Subscapularis, 509, 509f
Subtalar joint, 125, 125f, 313–317, 313f

articulations of, 313–314
ligaments of, 316–317
movement of, 314, 315f

range of motion in, 314t
reverse action rotation, 316b

muscles of, 549–551
gait cycle and, 623
pronator, 623
supinator, 623

Sulcus, of bone, 71
Superciliary arch, 75f
Superior gemellus. See Gemellus
Supernumerary bones, 36, 71
Superoinferior axis, 27
Supination, 170, 170f
Supinator, 512, 512f, 623
Supplements, exercise recovery and, 661
Support, structural, as bone function, 38, 38f
Supraorbital margin, 75f
Supraorbital notch, 75f
Supraspinatus, 508, 508f
Supraspinous ligament, 227
Suture

coronal, 77f, 196f
fibrous joint, 195
frontozygomatic, 75f, 77f
internasal, 75f
lambdoid, 77f–78f, 81f
nasomaxillary, 75f
sagittal, 78f
of skull, 211–212, 212f
squamosal, 77f
zygomaticomaxillary, 75f
zygomaticotemporal, 77f

Suture joint
fibrous, 195
of skull, 211–212, 212f

Swayback, 245, 612
Symphysis joint, 196
Symphysis pubis, 197f, 258–259
Synapse, 391
Synarthrotic joint, 194
Synchondrosis joint, 196–197
Syndesmosis joint, 195
Synergist muscles, 471, 472f
Synostosis, 195
Synovial cavity, 198
Synovial fluid, 198
Synovial joint, 193, 198–200

biaxial, 201
condyloid, 201
saddle, 201

classification of, 200
components of, 198, 198t
ligaments in, 198
muscles in, 198
nonaxial, 206
triaxial, 204

ball-and-socket, 204
uniaxial, 200–201

hinge, 200
pivot, 201

Synovial membrane, 198
Synovial tendon sheath, 61

T
T tubule. See Transverse tubule
Talocalcaneal joint, 313
Talocalcaneal ligament, 316
Talocrural joint, 124, 124b, 124f, 303–304, 

307f
bones of, 120–124, 307
bursae of, 312, 312f
ligaments of, 309, 310f–311f, 316–317

fibrous capsule, 309
movement of, 308–309, 308b, 308f

range of motion in, 308t
reverse action in, 308–309

muscles of, 309–312, 549–551, 623
dorsiflexor, 623
gait cycle and, 623
plantarflexor, 623

retinacula of, 312, 312f
tendon sheath of, 312, 312f

Talonavicular joint, 317
Talus, 126f–129f
Tarsal joint, 304. See also Subtalar joint

ligaments of, 310f–311f
transverse, 317–318

bones of, 317
ligaments of, 318
movement of, 317

Tarsometatarsal joint, 304, 318–319, 318f
Tectorial membrane, 232–234
Temporal bone, 74f, 76f–77f, 79f–81f, 83, 83f
Temporal line, 77f
Temporalis, 216b, 533, 533f
Temporomandibular joint, 77f, 212–217

bones of, 212
dysfunction of, 217
ligaments of, 212–216

fibrous capsule, 212–215
sphenomandibular, 215–216
stylomandibular, 215
temporomandibular, 215

movement allowed by, 212
muscles of, 216, 533–536
views of

anterior, 214f
lateral, 213f–215f

Temporomandibular ligament, 215
Temporoparietalis, 537, 537f
Tendinitis, 562
Tendinosis, 350
Tendon, 60. See also Golgi tendon organs

composition of, 60f
muscular fascia as, 36
reflex, 588
rupture of, 60
sheath of, 61, 62f

synovial, 61
talocrural joint in, 312, 312f

Tennis elbow, 350
Tenosynovitis, 61
Tensegrity, 409–410, 410f
Tensile strength

of collagen fiber, 53
of fibroblasts, 52
of skeletal tissue, 63

Tension, 439. See also Length-tension, 
relationship curve of

active, 485–486, 627–628
length’s relationship to, relationship curve 

of, 488–490, 489f
line of, 626–627, 627f
passive, 486, 627
time under, 657–659
of tissue, 627
total, 486
transmission of, by fascial web, 56

Tensor fasciae latae, 460f, 463f, 542, 542f
attachments to, 542
functions of, 542
in gait cycle, 620f

Teres major, 508, 508f
Teres minor, 509, 509f
Terminology

of joint action, 161–163
of kinesiology, 14
of location, 16, 21
of research, 570–571

Thenar eminence group, 518, 518f
Thigh, 4f–5f

body part relationship of, 4
bones of, 116–119
movement of, pelvis and, 276–277
range of motion of, 282t

Thixotropy, 64
Thoracic spine, 96–97, 240–241. See also 

Thoracolumbar spine
composition of, 240
curvature of, 96b, 241

endplates of, 99, 99f
functions of, 241
hyperkyphotic, 612
joints of

costospinal, 108, 108f, 240–244, 
244b

rib, 241–245, 242f
movement of, allowed, 241
range of motion of, 241t
in spinal column, 88f–89f
vertebra of, 98, 98f, 218
views of, 96–97, 96f–97f, 240f

Thoracolumbar fascia, 252–253, 252f
Thoracolumbar spine, 247

movement of, 250f–251f
range of motion of, 249t
reverse action of, 248b

Thumb
joints of, 202, 203f
opposition of, 368b
saddle joint of, 366–369, 366f

bones of, 366
ligaments of, 368–369, 369f
movement of, 366–368, 367f
muscles of, 369
range of motion of, 366t

Thyrohyoid, 536, 536f
Tibia, views of

anterior and proximal, 120, 120f
lateral, 122, 122f
medial, 123, 123f
posterior and distal, 121, 121f

Tibial torsion, 303f, 308b
Tibialis anterior, 549, 549f

attachments to, 549
functions of, 549
in gait cycle, 620f

Tibialis posterior, 551, 551f, 620f
Tibiofemoral joint, 290–297

bones of, 291
bursae of, 297b
drawer test of, 295f
ligaments of, 291–296, 293f

cruciate, 294–295
fibrous capsule, 294
patellar, 295
popliteal, 295

menisci of, 296–297
movement of, 291, 292f

abduction/adduction, 294
reverse, 291
rotation, 291b

muscles of, 296
range of motion of, 291t

Tibiofibular joint, 302–303, 303f
Tilt

anterior/posterior, 174, 174f
pelvic, 281f

Time under tension, 657–659
Tissue. See also Connective tissue; Skeletal 

tissue
epithelial, 40
muscle, 40
nerve, 40
osteoid, 40
scar, 60b
soft, 559–560
tension of, 627
types of, 40

Titin, 397–398, 398f
Toe, 126f–128f

in gait cycle landmarks in, 618
muscles of

extrinsic, 552–553
intrinsic, 553–556

pigeon, 287
Toe-in posture, 287–288
Toe-out posture, 287
Tom, Dick, and Harry group, 551–552
Tone, 439. See also Human resting muscle 

tone
Tonic fiber, 401
Tonic neck reflex, 594–596, 595f
Tooth, periodontal ligament of, 196f

Talocrural joint (Continued) Thoracic spine (Continued)
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Torsion
of femur, 287, 288f
tibial, 303f, 308b

Touch mechanoreceptors, 582b
Trabeculae, 41
Transverse foramina, 235
Transverse plane, 22
Transverse tubule, 391
Transversospinalis, 229, 523, 523f

attachments of, 523
functions of, 523
multifidus of, 524, 524f
rotatores of, 524, 524f
semispinalis of, 523–524, 523f

Transversus abdominis, 530, 530f
Transversus thoracis, 531, 531f
Trapezium, 146f–147f
Trapezius, 229, 466f, 505, 505f
Trapezoid, 146f–147f
Trauma, protection from, as bone function, 

38–39, 39f
Treatment

of movers vs. antagonists, 567–568
of osteoarthritis, 50
of pain, 599
of signs vs. symptoms, 568–569

Treatment group, definition of, 571
Triceps brachii, 452f, 455f, 511, 511f
Triceps surae group, 550–551
Trigger points, 390b, 586b–587b
Triquetrum, 146f–147f
Trochanter, of bone, 71
Trochoid joint. See Pivot joint
Tropocollagen, 57f
Tropomyosin, 397, 397f
Troponin, 397, 397f
True ribs, 244
Trunk, 4, 4f–5f. See also Thoracolumbar spine
Tube, exercise, 650–651
Tubercle, of bone, 71
Type I fiber, 401
Type II fiber, 401

U
Ulna, views of

anterior, 140, 140f
lateral, 142, 142f
medial, 143, 143f
posterior, 141, 141f
pronated, 144, 144f
proximal and distal, 145, 145f

Ulnocarpal complex, 362

Ulnocarpal joint, 358–359
Ulnotrochlear joint. See Humeroulnar joint
Uncinate process, 236
Uncovertebral joint, 236
Unilateral training, 648–649
Upper crossed syndrome, 586b–587b

V
Vastus intermedius, 548, 548f
Vastus lateralis, 547, 547f

attachments to, 547
functions of, 547
in gait cycle, 620f

Vastus medialis, 547, 547f
attachments to, 547
functions of, 547
in gait cycle, 620f

Vector, 182–185, 182f
analysis of, 184f
resolution of, 183f

Vertebra. See also Disc joints; Spinal joints
arteries of, 236
cervical, 94, 94f, 218, 236f
lumbar, 102, 102f, 218
pedicle of, 98b
of sacrococcygeal spine, 218
thoracic, 98, 98f, 218

Vertebral endplate, 222
of cervical spine, 95, 95f
of lumbar spine, 103, 103f
of thoracic spine, 99, 99f

Vertebral prominens, 235
Vertical axis. See Superoinferior axis
Vestibule, of inner ear, 592
Vibration machine, 653f
Vibration training, 653
Viscoelasticity, 63
Viscoplasticity, 63
Vitamin C, 40
Volar plate, 375
Voluntary movement, 577–578, 578f
Vomer, 74f–75f, 81f, 85, 85f

W
Walking. See also Gait

average speed of, 616b
OKCE and CKCE during, 646
running vs., 618b

Weight
bearing

joints, 192, 193f
skeletal tissue, 63

body, 646–649
center of, posture and, 607b
free, exercise with, 649–650, 

650f
gravity and, 440b

Wellness, exercise’s benefits for, 
642

Westside Barbell, 669
Windlass mechanism, 306b
Wing of sphenoid, 75f, 77f
Winging of the scapula, 339
Wolff’s law, 47–48

excess of, 48
piezoelectric effect and, 48

Wormian bones, 36, 71
Wrist, 354–357

structure of, 354f
views of

anterior, 148, 148f
flexed, 151, 151f
medial, 150, 150f
posterior, 149, 149f

Wrist extensor group, 514, 514f
Wrist flexor group, 513, 513f
Wrist joint complex, 354–355, 358–363, 

358f
bones of, 140–151
classification of, 359
ligaments of, 359–362, 361f, 

362b
movement of, 359, 360f
muscles of, 363, 513–514
range of motion of, 359t

Wrist strap, 671, 672f

Y
Y ligament. See Iliofemoral ligament
Yellow bone marrow, 39
Yoga, 670

Z
Z-line, 387, 389f, 396
Zona orbicularis, 284
Zygapophyseal joint. See Facet joint
Zygomatic arch, 77f
Zygomatic bone, 74f–77f, 79f–81f, 86, 

86f
Zygomaticomaxillary suture, 75f
Zygomaticotemporal suture, 77f
Zygomaticus major, 539, 539f
Zygomaticus minor, 539, 539f

Weight (Continued)
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