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Preface

The Tenth Edition of Fundamentals of Anatomy & Physiology is a 
comprehensive textbook that fulfills the needs of today’s stu-
dents while addressing the concerns of their professors. We fo-
cused our attention on the question “How can we make this 
information meaningful, manageable, and comprehensible?” 
During the revision process, we drew upon our content knowl-
edge, research skills, artistic talents, and years of classroom ex-
perience to make this edition the best yet.

The broad changes to this edition are presented in the New 
to the Tenth Edition section below, and the specific changes 
are presented in the Chapter-by-Chapter Changes in the 
Tenth Edition section that follows.

  New to the Tenth Edition
In addition to the many technical changes in this edition, such 
as updated statistics and anatomy and physiology descriptions, 
we have made the following key changes:

	 NEW 50 Spotlight Figures provide highly visual one- and 
two-page presentations of tough topics in the book, with 
a particular focus on physiology. In the Tenth Edition, 18 
new Spotlight Figures have been added for a total of 50 
across the chapters. There is now at least one Spotlight 
Figure in every chapter, as well as one Spotlight Figure cor-
responding to every A&P Flix.

	 NEW 29 Clinical Cases get students motivated for their 
future careers. Each chapter opens with a story-based Clini-
cal Case related to the chapter content and ends with a 
Clinical Case Wrap-Up that incorporates the deeper con-
tent knowledge students will have gained from the chapter.

	 NEW The repetition of the chapter-opening Learning 
Outcomes below the coordinated section headings 
within the chapters underscores the connection between 
the HAPS-based Learning Outcomes and the associated 
teaching points. Author Judi Nath sat on the Human 
Anatomy and Physiology Society (HAPS) committee that 
developed the HAPS Learning Outcomes, recommended 
to A&P instructors, and the Learning Outcomes in this 
book are based on them. Additionally, the assessments in 
MasteringA&P are organized by these Learning Outcomes. 
As in the previous edition, full-sentence section headings, 
correlated with the Learning Outcomes, state a core fact or 
concept to help students readily see and learn the chapter 
content; and Checkpoints, located at the close of each sec-
tion, ask students to pause and check their understanding 

of facts and concepts. If students cannot answer these ques-
tions within a matter of minutes, then they should reread 
the section before moving on. The Checkpoints reinforce 
the Learning Outcomes, resulting in a systematic integra-
tion of the Learning Outcomes over the course of the 
chapter. Answers to the Checkpoints are located in the blue 
Answers tab at the back of the book.

	 Easier narrative uses simpler, shorter, more active sen-
tences and a reading level that makes reading and studying 
easier for students.

	 Improved text-art integration throughout the illustration 
program enhances the readability of figures. Several tables 
have been integrated directly into figures to help students 
make direct connections between tables and art.

	 Eponyms are now included within the narrative, along 
with the anatomical terms used in Terminologia Anatomica.

	 NEW Assignable MasteringA&P activities include the 
following:

	 NEW Spotlight Figure Coaching Activities are highly 
visual, assignable activities designed to bring interac-
tivity to the Spotlight Figures in the book. Multi-part 
activities include the ranking and sorting types that ask 
students to manipulate the visuals.

	 NEW Book-specific Clinical Case Activities stem from 
the story-based Clinical Cases that appear at the begin-
ning and end of each chapter in the book.

	 NEW Adaptive Follow-up Assignments allow instruc-
tors to easily assign personalized content for each in-
dividual student based on strengths and weaknesses 
identified by his or her performance on MasteringA&P 
parent assignments.

	 NEW Dynamic Study Modules help students acquire, 
retain, and recall information quickly and efficiently. 
The modules are available as a self-study tool or can be 
assigned by the instructor. They can be easily accessed 
with smartphones.

  Chapter-by-Chapter Changes in the 
Tenth Edition
This annotated Table of Contents provides select examples of 
revision highlights in each chapter of the Tenth Edition. For 
a more complete list of changes, please contact the publisher.

v



•	Clinical Note: Decubitus Ulcers revised with new photo
•	New Figure 5–8 Reticular Layer of Dermis
•	 Figure 5–10 Dermal Circulation revised
•	 Figure 5–12 Hair Follicles and Hairs revised
•	New Figure 5–11 Hypodermis

Chapter 6: Osseous Tissue and Bone Structure
•	New Clinical Case: A Case of Child Abuse?
•	 Figure 6–1 A Classification of Bones by Shape revised
•	New Figure 6–2 An Introduction to Bone Markings incorporates 

old Table 6–1
•	New Spotlight Figure 6–11 Endochondral Ossification incor-

porates old Figure 6–10
•	New Figure 6–12 Intramembranous Ossification
•	 Spotlight Figure 6–16 Types of Fractures and Steps in Repair 

revised
•	Clinical Note: Abnormal Bone Development revised

Chapter 7: The Axial Skeleton
•	New Clinical Case: Knocked Out
•	New Clinical Note: Sinusitis
•	 Figure 7–2 Cranial and Facial Subdivisions of the Skull revised
•	 Figure 7–3 The Adult Skull revised to incorporate old Table 7–1
•	New Spotlight Figure 7–4 Sectional Anatomy of the Skull  

incorporates old Figure 7–4 and parts of old Table 7–1
•	 Figure 7–6 The Frontal Bone revised
•	 Figure 7–14 The Nasal Complex revised
•	 Figure 7–22 The Thoracic Cage revised

Chapter 8: The Appendicular Skeleton
•	New Clinical Case: The Orthopedic Surgeon’s Nightmare
•	New Clinical Note: Hip Fracture
•	New Clinical Note: Runner’s Knee
•	New Clinical Note: Stress Fractures
•	Carpal Bones subsection now lists the 8 carpal bones in two 

groups of 4 (proximal and distal carpal bones)
•	 Figure 8–6 Bones of the Right Wrist and Hand revised
•	New Spotlight Figure 8–10 Sex Differences in the Human  

Skeleton incorporates old Figure 8–10, old Table 8–1, and  
old bulleted list in text

•	Clinical Note: Carpal Tunnel Syndrome includes new illustration
•	 Figure 8–14 Bones of the Ankle and Foot revised
•	Clinical Note: Congenital Talipes Equinovarus includes  

new photo

Chapter 9: Joints
•	Chapter title changed from Articulations to Joints
•	New Clinical Case: What’s Ailing the Birthday Girl?
•	New Clinical Note: Dislocation and Subluxation
•	New Clinical Note: Damage to Intervertebral Discs
•	Table 9–1 Functional and Structural Classifications of Articula-

tions redesigned
•	Spotlight Figure 9–2 Joint Movement incorporates old Figures 

9–2 and 9–6 and subsection on Types of Synovial Joints
•	Revised discussion of synovial fluid function in shock absorption
•	 Figure 9–6 Intervertebral Articulations expanded
•	 Figure 9–7 The Shoulder Joint revised
•	 Figure 9–10 The Right Knee Joint rearranged and revised
•	Clinical Note: Knee Injuries revised

Chapter 1: An Introduction to Anatomy and Physiology
•	New Clinical Case: Using A&P to Save a Life
•	New Spotlight Figure 1–10 Diagnostic Imaging Techniques
•	New Clinical Note: Autopsies and Cadaver Dissection
•	New Clinical Note: Auscultation
•	 Figure 1–7 Directional References revised
•	 Figure 1–8 Sectional Planes revised
•	 Figure 1–9 Relationships among the Subdivisions of the Body 

Cavities of the Trunk revised

Chapter 2: The Chemical Level of Organization
•	New Clinical Case: What Is Wrong with My Baby?
•	New Clinical Note: Radiation Sickness
•	Clinical Note: Fatty Acids and Health revised
•	 Section 2-2 includes revised Molecular weight discussion
•	 Figure 2–4 The Formation of Ionic Bonds revised
•	 Figure 2–5 Covalent Bonds in Five Common Molecules revised
•	Table 2–3 Important Functional Groups of Organic Compounds 

revised (to clarify structural group and R group)
•	Protein Structure subsection includes new discussion of amino 

acids as zwitterions
•	 Figure 2–21 Protein Structure revised

Chapter 3: The Cellular Level of Organization
•	New Clinical Case: When Your Heart Is in the Wrong Place
•	New information added about cholesterol and other lipids
•	New overview added about roles of microtubules
•	 Figure 3–5 The Endoplasmic Reticulum revised
•	Clinical Note on DNA Fingerprinting revised
•	 Figure 3–13 The Process of Translation revised
•	 Figure 3–14 Diffusion revised
•	 Figure 3–17 Osmotic Flow across a Plasma Membrane revised
•	New Spotlight Figure 3–22 Overview of Membrane Transport 

incorporates old Figures 3–18, 3–19, and 3–21 and old  
Table 3–2

•	New Spotlight Figure 3–23 DNA Replication incorporates old 
Figure 3–23

•	Spotlight Figure 3–24 Stages in a Cell’s Life Cycle revised

Chapter 4: The Tissue Level of Organization
•	New Clinical Case: The Rubber Girl
•	 Intercellular Connections subsection updated
•	 Figure 4–2 Cell Junctions revised
•	 Figure 4–8 The Cells and Fibers of Connective Tissue Proper 

revised
•	Adipose Tissue subsection includes updated discussion  

of brown fat
•	 Figure 4–10 Loose Connective Tissues revised
•	 Spotlight Figure 4–20 Inflammation and Regeneration revised

Chapter 5: The Integumentary System
•	New Clinical Case: Skin Cells in Overdrive
•	 Figure 5–1 The Components of the Integumentary System revised
•	New Figure 5–2 The Cutaneous Membrane and Accessory 

Structures
•	New Spotlight Figure 5–3 The Epidermis incorporates old  

Figures 5–2 and 5–3
•	New Figure 5–5 Vitiligo
•	New Figure 5–6 Sources of Vitamin D3
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•	New Spotlight Figure 13–14 Spinal Reflexes incorporates old 
Figures 13–15, 13–17, 13–19, and 13–20
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•	New Clinical Case: The Neuroanatomist’s Stroke
•	New Spotlight Figure 14–4 Formation and Circulation of  

Cerebrospinal Fluid incorporates old Figure 14–4
•	 Figure 14–5 The Diencephalon and Brain Stem revised
•	New Figures 14–6 The Medulla Oblongata and 14–7 The Pons 

incorporate old Figure 14–6 and old Table 14–2
•	New Figure 14–8 The Cerebellum incorporates old Figure 14–7 

and old Table 14–3
•	New Figure 14–9 The Midbrain incorporates old Figure 14–8, old 

Table 14–4, and a new cadaver photograph
•	New Figure 14–11 The Hypothalamus in Sagittal Section incorpo-

rates old Figure 14–10 and old Table 14–6
•	New Figure 14–12 The Limbic System incorporates old  

Figure 14–11 and old Table 14–7
•	 Figure 14–14 Fibers of the White Matter of the Cerebrum revised
•	 Figure 14–15 The Basal Nuclei revised
•	 Figure 14–16 Motor and Sensory Regions of the Cerebral Cortex 

revised
•	New information on circumventricular organs added to Section 14-2

Chapter 15: Sensory Pathways and the Somatic Nervous System
•	New Clinical Case: Living with Cerebral Palsy
•	New Figure 15–1 An Overview of Events Occurring along the 

Sensory and Motor Pathways
•	New Figure 15–3 Tonic and Phasic Sensory Receptors
•	 Spotlight Figure 15–6 Somatic Sensory Pathways revised
•	 Figure 15–8 Descending (Motor) Tracts in the Spinal Cord 

reorganized

Chapter 16: The Autonomic Nervous System and Higher-Order 
Functions
•	New Clinical Case: The First Day in Anatomy Lab
•	New Spotlight Figure 16–2 Overview of the Autonomic  

Nervous System incorporates old Figures 16–3 and 16–7
•	 Figure 16–3 Sites of Ganglia in Sympathetic Pathways revised
•	 Figure 16–4 The Distribution of Sympathetic Innervation revised

Chapter 17: The Special Senses
•	New Clinical Case: A Chance to See
•	 Figure 17–1 The Olfactory Organs revised
•	 Spotlight Figure 17–2 Olfaction and Gustation revised
•	 Figure 17–3 Gustatory Receptors revised
•	 Figure 17–22 The Middle Ear revised
•	 Figures 17–23, 17–24, and 17–25 revised to indicate different 

orientations of maculae in the utricle and saccule
•	 Figure 17–32 Pathways for Auditory Sensations revised

Chapter 18: The Endocrine System
•	New Clinical Case: Stones, Bones, and Groans
•	New Spotlight Figure 18–3 G Proteins and Second Messengers 

incorporates old Figure 18–3
•	 Figure 18–7 The Hypophyseal Portal System and the Blood  

Supply to the Pituitary Gland revised
•	 Figure 18–11 The Thyroid Follicles revised
•	New Figure 18–14 The Adrenal Gland incorporates old  

Figure 18–14 and old Table 18–5

Chapter 10: Muscle Tissue
•	New Clinical Case: A Real Eye Opener
•	New subsection Electrical Impulses and Excitable Membranes 

added in Section 10-4
•	New Spotlight Figure 10–10 Excitation–Contraction Coupling 

incorporates old Figures 10–9 and 10–10
•	New Figure 10–13 Steps Involved in Skeletal Muscle Contraction 

and Relaxation incorporates old Table 10–1
•	Treppe subsection includes new discussion of treppe in cardiac 

muscle
•	Motor Units and Tension Production subsection includes new 

discussion of fasciculation
•	 Figure 10–20 Muscle Metabolism revised
•	Table 10–2 Properties of Skeletal Muscle Fiber Types revised to 

make column sequences better parallel text discussion

Chapter 11: The Muscular System
•	New Clinical Case: The Weekend Warrior
•	 Figure 11–1 Muscle Types Based on Pattern of Fascicle Organiza-

tion revised
•	 Figure 11–2 The Three Classes of Levers revised
•	New Spotlight Figure 11–3 Muscle Action
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Learning Outcomes
These Learning Outcomes correspond by number to this chapter’s sections 
and indicate what you should be able to do after completing the chapter.

  1-1 	  	 Explain the importance of studying anatomy  
and physiology.

  1-2 	  	 Define anatomy and physiology, describe the origins 
of anatomical and physiological terms, and explain the 
significance of Terminologia Anatomica (International 
Anatomical Terminology).

  1-3 	  	 Explain the relationship between anatomy and physiology, 
and describe various specialties of each discipline.

  1-4 	  	 Identify the major levels of organization in organisms, 
from the simplest to the most complex, and identify major 
components of each organ system.

  1-5 	  	 Explain the concept of homeostasis.

  1-6 	  	 Describe how negative feedback and positive feedback 
are involved in homeostatic regulation, and explain the 
significance of homeostasis.

  1-7 	  	 Use anatomical terms to describe body regions, body 
sections, and relative positions.

  1-8 	  	 Identify the major body cavities and their subdivisions,  
and describe the functions of each.
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Clinical Case

“How long has he been down?” 
questions the nurse. “Less than 
a half hour. We intubated him 
[inserted a breathing tube] and 
started a large bore IV as soon as 
we got there. We are 10 minutes 
out now.” “Keep the fluids going 
wide open, keep pressure on the 
thigh, and take him directly to 
Trauma Room 1,” come the instruc-
tions. Meanwhile the nurse orders the trauma team to Trauma 
Room 1, orders x-ray to be on stand-by in the room, and re-
quests 4 units of type O negative whole blood—the universal 
donor blood—from the blood bank.  Will the team be ready 
to save this young man? To find out, turn to the Clinical 
Case Wrap-Up on p. 25.

Using A&P to Save a Life
The emergency medical technician (EMT) is on the 
way to the emergency room with a young victim 

of street violence. A knife with a 6-inch blade had been found 
next to the bleeding, unconscious man.

“We have a young male with multiple stab wounds. He has 
lost a lot of blood and we can barely get a blood pressure,” the 
EMT radioes to the triage nurse in the emergency room as the 
ambulance squeals through traffic. “We started an IV and  
we are pouring in fluid as fast as we can.”

“Where are the wounds?” asks the receiving nurse. “He has 
a deep wound in his right upper quadrant, just inferior to the 
diaphragm. I can see bruising from the hub of the knife around 
the wound, and there is another wound in his anterior right 
thigh. His pulse is 120 and thready [weak]. His blood pressure 
is 60 over 30.”

 A n Introduction to Studying  
the Human Body
In this textbook we will introduce you to the inner workings  
of your body, giving information about both its structure 
(anatomy) and its function (physiology). Many students who 
use this book are preparing for jobs in health-related fields—
but regardless of your career choice, you will find the informa-
tion within these pages relevant to your future. You do, after 
all, live in a human body! As a human, you are most likely 
very curious, and few subjects arouse so much curiosity as our 
own bodies. The study of anatomy and physiology will provide 
answers to many questions about the way your body works in 
both health and disease.

We will focus on the human body, but the principles you 
will learn apply to other living things as well. Our world con-
tains an enormous diversity of living organisms. They vary 
widely in appearance and lifestyle. One aim of biology—the 
science of life—is to discover the unity and the patterns that 
underlie this diversity, and in this way shed light on what we 
have in common with other living things.

We can classify animals according to the characteristics 
that they share. Birds, fish, and humans are placed in a group 
called the vertebrates, characterized by a segmented vertebral 
column. Their shared characteristics and organizational pat-
terns are clues about how these animals have evolved over 
time. Many of the complex structures and functions of the 
human body that we discuss in this book have distant evolu-
tionary origins. When we compare human beings with other 
creatures, we find two important principles:

	 There are obvious structural and functional similarities 
among vertebrates.

	 Form determines function.

In this chapter we explore the structural and functional 
characteristics of living things. We look at the levels of organi-
zation that anatomical structures and physiological processes 
display. We also introduce homeostasis, the state of balance 
within the body, which is the goal of physiological regulation 
and the key to survival in a changing environment.

1-1    Anatomy and physiology  
directly affect your life
Learning Outcome  Explain the importance of studying anatomy  
and physiology.

Welcome to the field of anatomy and physiology! Anatomy 
is the study of body structures and physiology is the study of 
body functions. You will discover how your body works under 
normal and abnormal conditions. This knowledge will serve as 
the foundation for understanding all other basic life sciences, 
and for making common sense decisions about your own life. 
Basic knowledge of normal physiological function, for exam-
ple, will prove useful whenever you or a friend or relative be-
comes ill. We will explain how the body responds to normal 
and abnormal conditions and maintains homeostasis. As we 
proceed, you will see how your body copes with injury, dis-
ease, or anything that threatens homeostasis.

Anatomy is the oldest medical science. Egyptian drawings 
from 1600 BCE illustrated basic knowledge of blood vessels. 
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In effect, anatomy uses a special language that you must learn 
almost at the start of your study.

That special language, called medical terminology, in-
volves using word roots, prefixes, suffixes, and combining 
forms to build terms related to the body in health and dis-
ease. Many of the anatomical and physiological terms you will 
encounter in this textbook are derived from Greek or Latin. 
Learning the word parts used in medical terminology will 
greatly assist in your study of anatomy and physiology, and in 
your preparation for any health-related career.

There are four basic building blocks—or word parts—of 
medical terms. Word roots are the basic, meaningful parts of a 
term that cannot be broken down into another term with an-
other definition. Prefixes are word elements that are attached 
to the beginning of words to modify their meaning but cannot 
stand alone. Suffixes are word elements or letters added to the 
end of a word or word part to form another term. Combining 
forms are independent words or word roots that are used in 
combination with words, prefixes, suffixes, or other combin-
ing forms to build a new term. The table inside the back cover 
of your textbook lists many commonly used word roots, pre-
fixes, suffixes, and combining forms.

To illustrate the building of medical terms, consider the 
word pathology (puh-THOL-o

.

-je
.

). Breaking this word into its 
basic elements reveals its meaning. The prefix path- refers to 
disease (the Greek term for disease is pathos). The suffix -ology 
means “study of.” So pathology is the study of disease.

A familiarity with Latin and Greek word roots and pat-
terns makes anatomical terms easier to understand. As we in-
troduce new terms, we will provide notes on pronunciation 
and relevant word parts.

Latin and Greek terms are not the only ones that have 
been imported into the anatomical vocabulary over the cen-
turies, and this vocabulary continues to expand. Many ana-
tomical structures and clinical conditions were first named 
after either the discoverer or, in the case of diseases, the most 
famous victim. Over the last 100 years, most of these com-
memorative names, or eponyms, have been replaced by more 
precise terms. Where appropriate, we will give both the ep-
onym and the more precise term, because in clinical medi-
cine, both terms may be used. The Glossary at the end of this 
book includes a table listing important eponyms and related 
historical details.

It is important for scientists throughout the world to use 
the same name for each body structure. In 1998, two scien-
tific organizations—the Federative Committee on Anatomical 
Terminology and the 56 member associations of the Interna-
tional Associations of Anatomists—published International 
Anatomical Terminology (Terminologia Anatomica, or TA). Ter-
minologia Anatomica serves as a worldwide official standard 
of anatomical vocabulary. Latin continues to be the language 
of anatomy, but this reference provides an English equivalent 

These drawings show that people have always been fascinated 
with the human body. Since that time, imaging techniques for 
studying the human body have evolved, enabling us to de-
scribe the locations and functions of body parts. Over the last 
two decades, the most rapid progress has taken place in the 
field of molecular biology, which studies processes at the level 
of individual genes. It uses principles of biology, chemistry, 
genetics, and biochemistry. Molecular biology helps us under-
stand how the body works at the most fundamental level and 
reveals the underlying basis for many disorders and diseases.

Medical science is always expanding and affects our ev-
eryday lives. We are flooded with health information from the 
popular press, news media, and advertisements. Medical terms 
have become part of our common language, and we owe it to 
ourselves to understand them. This course will significantly ex-
pand your vocabulary and enhance your understanding of the 
origins and meanings of many medical terms.

C h e c k p o i n t

	1.	 Identify the oldest medical science.

	2.	 Why is studying human anatomy and physiology 
important?

See the blue Answers tab at the back of the book.

1-2    Anatomy is structure,  
and physiology is function
Learning Outcome  Define anatomy and physiology, describe the 
origins of anatomical and physiological terms, and explain the significance 
of Terminologia Anatomica (International Anatomical Terminology).

People have always been interested in the inner workings of 
the human body. Many medical terms have Greek roots, as do 
many other anatomical terms and phrases that originated more 
than 1500 years ago. For example, the term anatomy is derived 
from Greek roots that mean “a cutting open.” Anatomy is the 
study of internal and external body structures and their physical 
relationships among other body parts. In contrast, physiology,  
another Greek term, is the study of how living organisms per-
form their functions. Someone studying anatomy might, for 
example, examine how a particular muscle attaches to the 
skeleton. Someone studying physiology might consider how 
a muscle contracts or what forces a contracting muscle exerts 
on the skeleton. You will be studying both anatomy and physi-
ology in this book, so let’s look at the relationships between 
these sciences.

Early anatomists faced serious problems in communica-
tion. Saying that a bump is “on the back,” for example, does 
not give very precise information about its location. So anato-
mists created maps of the human body. Prominent anatomical 
structures serve as landmarks, distances are measured in cen-
timeters or inches, and specialized directional terms are used. 
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how the transmission conveys this motion to the axles and 
wheels so that the car moves. Additionally, he or she might 
also study the amount of power that the engine could gen-
erate, the amount of force transmitted to the wheels in dif-
ferent gears, and so on.

Our basic approach in this text will be to start with the 
descriptive anatomy of body structures (appearance, size, 
shape, location, weight, and color) before considering the 
related functions. Sometimes the group of organs that make 
up an organ system perform very diverse functions, and in 
those cases we will consider the functions of each individual 
organ separately. A good example is our discussion of the di-
gestive system. You will learn about the functions of the sali-
vary glands in one section, and the functions of the tongue 
in another. In other systems, the organs work together so ex-
tensively that we present an overall discussion of their physio
logy, after we describe the system’s anatomy. The lymphatic 
system and the cardiovascular system are examples of this 
approach.

Anatomy
How you look at things often determines what you see. You 
get a very different view of your neighborhood from a satellite 
photo than from your front yard. Similarly, your method of 
observation has a dramatic effect on your understanding of the 
structure of the human body. Based on the degree of structural 
detail being considered, we divide anatomy into gross (macro-
scopic) anatomy and microscopic anatomy.

Gross Anatomy
Gross anatomy, or macroscopic anatomy, involves examining 
relatively large structures. Gross anatomy can be seen without 
using a microscope and can involve the study of anatomy by 
dissecting a cadaver. There are many different forms of gross 
anatomy:

	 Surface anatomy is the study of general form and superficial 
(toward the body surface) markings.

	 Regional anatomy focuses on the anatomical organization 
of specific areas of the body, such as the head, neck, or 
trunk. Many advanced courses in anatomy stress a regional 
approach, because it emphasizes the spatial relationships 
among structures already familiar to students.

	 Systemic anatomy is the study of the structure of organ 
systems, which are groups of organs that function together 
in a coordinated manner. Examples include the skeletal 
system, composed primarily of bones; the muscular system, 
made up of skeletal muscles; and the cardiovascular system, 
consisting of the heart, blood, and vessels. We take a sys-
temic anatomy approach in this book because this format 
will better clarify the functional relationships among the 

term for each anatomical structure. For example, the tendo cal-
caneus (Latin) is also called the calcaneal tendon (English). 
You may know the structure better by its eponym, the Achilles 
tendon. Eponyms are not found in TA. We have used TA as our 
standard in preparing this text.

C h e c k p o i n t

	3.	 Define anatomy.

	4.	 Define physiology.

	5.	 Describe medical terminology.

	6.	 Define eponym.

	7.	 Name the book that serves as the international 
standard for anatomical vocabulary.

See the blue Answers tab at the back of the book.

1-3    Anatomy and physiology  
are closely integrated
Learning Outcome  Explain the relationship between anatomy  
and physiology, and describe various specialties of each discipline.

Anatomy and physiology are closely integrated, both theoreti-
cally and practically. Anatomical information provides clues 
about functions, and physiological processes can be explained 
only in terms of the underlying anatomy. This is a very impor-
tant concept in living systems:

	 All specific functions are performed by specific structures, 
and the form of a structure relates to its function. This is 
known as the principle of complementarity of structure and 
function.

The link between structure and function is always present, 
but not always understood. For example, the anatomy of 
the heart was clearly described in the 15th century, but al-
most 200 years passed before the heart’s pumping action was 
demonstrated.

Anatomists and physiologists approach the relation-
ship between structure and function from different perspec-
tives. To understand the difference, suppose you asked an 
anatomist and a physiologist to examine a pickup truck 
and report their findings. The anatomist might begin by 
measuring and photographing the various parts of the 
truck and, if possible, taking it apart and putting it back to-
gether. The anatomist could then explain its key structural 
relationships—for example, how the pistons are seated in  
the engine cylinders, how the crankshaft is connected to the 
pistons, how the transmission links the drive shaft to the 
axles, and thus to the wheels. The physiologist also would 
note the relationships among the truck’s parts, but he or she 
would focus mainly on its functional characteristics, such as 
how the combustion of gasoline in the cylinders moves the 
pistons up and down and makes the drive shaft rotate, and 
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Microscopic Anatomy
Microscopic anatomy deals with structures that we cannot see 
without magnification. The boundaries of microscopic anat-
omy are set by the limits of the equipment we use. With a dis-
secting microscope you can see tissue structure. With a light 
microscope, you can see basic details of cell structure. And 
with an electron microscope, you can see individual molecules 
that are only a few nanometers (billionths of a meter) across.

Microscopic anatomy includes two major subdivisions:  
cytology and histology. Cytology (si
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) is the study of 
the internal structure of individual cells, the simplest units of 
life. Cells are made up of chemical substances in various combi-
nations, and our lives depend on the chemical processes taking 
place in the trillions of cells in the body. For this reason, we 
consider basic chemistry (Chapter 2) before we examine cell 
structure (Chapter 3). Histology (his-TOL-o

.

-je
.

) is the exami-
nation of tissues—groups of specialized cells and cell products 
that work together to perform specific functions (Chapter 4). 
Tissues combine to form organs, such as the heart, kidney, liver, 
or brain, each with specific functions. Many organs are easy to 
examine without a microscope, so at the organ level we cross the 
boundary from microscopic anatomy to gross anatomy. As we 
proceed through the text, we will consider details at all levels, 
from microscopic to macroscopic (Spotlight Figure 1-1).

Physiology
As noted earlier, physiology is the study of the function of 
anatomical structures. Human physiology is the study of the 
functions, or workings, of the human body. These functions are 
complex processes and much more difficult to examine than 
most anatomical structures. As a result, there are even more 
specialties in physiology than in anatomy. Examples include:

	 Cell physiology, the study of the functions of cells, is the 
cornerstone of human physiology. Cell physiology looks 
at events involving the atoms and molecules important to 
life. It includes both chemical processes within cells and 
chemical interactions among cells.

	 Organ physiology is the study of the function of specific 
organs. An example is cardiac physiology, the study of heart 
function—how the heart works.

	 Systemic physiology includes all aspects of the functioning of 
specific organ systems. Cardiovascular physiology, respira-
tory physiology, and reproductive physiology are examples.

	 Pathological physiology is the study of the effects of diseases 
on organ functions or system functions. Modern medicine 
depends on an understanding of both normal physiology 
and pathological physiology.

Physicians normally use a combination of anatomical, 
physiological, chemical, and psychological information when 

Autopsies and Cadaver Dissection  There is much to 
be learned from death. An autopsy is a thorough internal 
and external examination of the body after death to deter-
mine the cause of death. Autopsies and cadaver dissections 
reveal much about life. Historically, humans have been 
fascinated with the human body. Scientists, physicians, and 
artists shared this fascination. For example, as early as 304 
BCE, Greek anatomist and royal physician Erasistratus and 
his physician colleague, Herophilus, dissected human cadav-
ers to learn about internal anatomy. In the second century, 
physician Claudius Galen, often recognized as the “father of 
anatomy,” was the first to show a connection between patient 
symptoms in life and the autopsy observations in death. 
In the late 1200s, the University of Bologna was the first in-
stitution to perform autopsies. In 1632, the Dutch painter, 
Rembrandt created The Anatomy Lesson of Dr. Nicolaes Tulp. 
An Italian anatomist, Giovanni Morgagni, advanced the field 
of anatomical pathology with his 1761 work, On the Seats  
and Causes of Diseases. In 
1910, Dr. Richard Cabot, an 
American physician, studied 
autopsies and learned that 
doctors had misdiagnosed 
their patients 40 percent of 
the time. Today, using cadav-
ers to learn anatomy is com-
monplace. Many students 
consider it to be a profound 
experience.

Clinical Note

component organs. We will introduce the 11 organ systems 
in the human body later in the chapter.

	 Clinical anatomy includes a number of subspecialties im-
portant in clinical practice. Examples include pathological 
anatomy (anatomical features that change during illness), 
radiographic anatomy (anatomical structures seen using 
specialized imaging techniques), and surgical anatomy  
(anatomical landmarks important in surgery).

	 Developmental anatomy describes the changes in form  
that take place between conception and adulthood. The 
techniques of developmental anatomists are similar to 
those used in gross anatomy and in microscopic anatomy 
(discussed next) because developmental anatomy considers  
anatomical structures over a broad range of sizes—from  
a single cell to an adult human. The most extensive 
structural changes take place during the first two months  
of development. The study of these early developmental 
processes is called embryology (em-bre
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	 The Cellular Level. Cells are the smallest living units in the 
body. Complex molecules can form various types of larger 
structures called organelles. Each organelle has a specific 
function in a cell. Energy-producing organelles provide the 
energy needed for heart muscle cell contractions. We exam-
ine the cellular level of organization in Chapter 3.

	 The Tissue Level. A tissue is a group of cells working to-
gether to perform one or more specific functions. Heart 
muscle cells, also called cardiac muscle cells (cardium, 
heart), interact with other types of cells and with materials 
outside the cell to form cardiac muscle tissue. We consider 
the tissue level of organization in Chapter 4.

	 The Organ Level. Organs are made of two or more tissues 
working together to perform specific functions. Layers of 
cardiac muscle tissue, in combination with another type  
of tissue called connective tissue, form the bulk of the wall 
of the heart, which is a hollow, three-dimensional organ.

	 The Organ System Level. A group of organs interacting to 
perform a particular function forms an organ system. 
Each time it contracts, the heart pushes blood into a 
network of blood vessels. Together, the heart, blood, and 
blood vessels make up the cardiovascular system, one of  
11 organ systems in the body. This system functions to 
distribute oxygen and nutrients throughout the body.

	 The Organism Level. An organism—in this case, an indi-
vidual human—is the highest level of organization that 
we consider. All of the body’s organ systems must work 
together to maintain the life and health of the organism.

The organization at each level determines not only the 
structural characteristics, but also the functions, of higher lev-
els. For example, the arrangement of atoms and molecules at the 
chemical level creates the protein filaments and organelles at the 
cellular level that give individual cardiac muscle cells the abil-
ity to contract. At the tissue level, these cells are linked, forming 
cardiac muscle tissue. The structure of the tissue ensures that the 
contractions are coordinated, producing a powerful heartbeat. 
When that beat occurs, the internal anatomy of the heart, an 
organ, enables it to function as a pump. The heart is filled with 
blood and connected to the blood vessels, and its pumping ac-
tion circulates blood through the vessels of the cardiovascular 
system. Through interactions with the respiratory, digestive, uri-
nary, and other systems, the cardiovascular system performs a 
variety of functions essential to the survival of the organism.

Something that affects a system will ultimately affect each 
of the system’s parts. For example, after massive blood loss, the 
heart cannot pump blood effectively. When the heart cannot 
pump and blood cannot flow, oxygen and nutrients cannot be 
distributed to the heart or around the body. Very soon, the car-
diac muscle tissue begins to break down as individual muscle 
cells die from oxygen and nutrient starvation. These changes will 

they evaluate patients. When a patient presents signs (an ob-
jective disease indication like a fever) and symptoms (a sub-
jective disease indication, such as tiredness) to a physician, the 
physician will look at the structures affected (gross anatomy), 
perhaps collect a fluid or tissue sample (microscopic anatomy) 
for analysis, and ask questions to find out what changes from 
normal functioning the patient is experiencing. Think back 
to your last trip to a doctor’s office. Not only did the attend-
ing physician examine your body, noting any anatomical ab-
normalities, but he or she also evaluated your physiological 
processes by asking questions, observing your movements, 
listening to your body sounds, taking your temperature, and 
perhaps requesting chemical analyses of fluids such as blood 
or urine.

In evaluating all these observations to reach a diagnosis, 
physicians rely on a logical framework based on the scien-
tific method. The scientific method is a system of advancing 
knowledge that begins by proposing a hypothesis to answer a 
question, and then testing that hypothesis with data collected 
through observation and experimentation. This method is at 
the core of all scientific thought, including medical diagnosis.

C h e c k p o i n t

	  8.	 Describe how anatomy and physiology are closely 
related.

	  9.	 What is the difference between gross anatomy and 
microscopic anatomy?

	10.	 Identify several specialties of physiology.

	11.	 Why is it difficult to separate anatomy from 
physiology?

See the blue Answers tab at the back of the book.

1-4    Levels of organization progress 
from molecules to a complete organism
Learning Outcome  Identify the major levels of organization in 
organisms, from the simplest to the most complex, and identify major 
components of each organ system.

Over the next three chapters, we will consider the three most 
basic (chemical, cellular, and tissue) levels of organization of 
the human body. They interact with more complex structures 
and vital processes, as we describe in Chapters 5–29. The levels 
of organization of the human body include:

	 The Chemical Level. Atoms are the smallest stable units  
of matter. They can combine to form molecules with 
complex shapes. The atomic components and unique three-
dimensional shape of a particular molecule determine its 
function. For example, complex protein molecules form fil-
aments that produce the contractions of muscle cells in the 
heart. We explore this level of organization in Chapter 2.
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some environmental change. For example, when oxygen 
levels decline in a tissue, the cells release chemicals that 
widen, or dilate, blood vessels. This dilation increases the 
rate of blood flow and provides more oxygen to the region.

	2.	 Extrinsic regulation is a process that results from the ac-
tivities of the nervous system or endocrine system. These 
organ systems detect an environmental change and send 
an electrical signal (nervous system) or chemical messen-
ger (endocrine system) to control or adjust the activities of 
another or many other systems simultaneously. For exam-
ple, when you exercise, your nervous system issues com-
mands that increase your heart rate so that blood will cir-
culate faster. Your nervous system also reduces blood flow 
to less active organs, such as the digestive tract. The oxygen 
in circulating blood is then available to the active muscles, 
which need it most.

In general, the nervous system directs rapid, short-term, 
and very specific responses. For example, when you acciden-
tally set your hand on a hot stove, the heat produces a painful, 
localized disturbance of homeostasis. Your nervous system re-
sponds by ordering specific muscles to contract and pull your 
hand away from the stove. These contractions last only as long 
as the neural activity continues, usually a matter of seconds.

In contrast, the endocrine system releases chemical mes-
sengers called hormones into the bloodstream. These molecular 
messengers can affect tissues and organs throughout the body. 
The responses may not be immediately apparent, but they may 
persist for days or weeks. Examples of homeostatic regulation 
dependent on endocrine function include the long-term regu-
lation of blood volume and composition, and the adjustment 
of organ system function during starvation. Regardless of the 
system involved, homeostatic regulation always works to keep 
the internal environment within certain limits. A homeostatic 
regulatory mechanism consists of three parts: (1) a receptor, a 
sensor that is sensitive to a particular stimulus or environmental 
change; (2) a control center, which receives and processes the 
information supplied by the receptor and sends out commands; 
and (3) an effector, a cell or organ that responds to the com-
mands of the control center and whose activity either opposes 
or enhances the stimulus. You are probably already familiar 
with similar regulatory mechanisms, such as the one involving 
the thermostat in your house or apartment (Figure 1–2a).

The thermostat is the control center. It receives informa-
tion about room temperature from an internal or remote ther-
mometer (a receptor). The setting on the thermostat estab-
lishes the set point, or desired value, which in this case is the 
temperature you select. (In our example, the set point is 22˚C, 
or about 72˚F.) The function of the thermostat is to keep room 
temperature within acceptable limits, usually within a degree 
or so of the set point. In summer, the thermostat performs this 
function by controlling an air conditioner (an effector). When 

not be restricted to the cardiovascular system. All cells, tissues, 
and organs in the body will be damaged. Spotlight Figure 1–1 
illustrates the levels of organization and introduces the 11 inter-
dependent, interconnected organ systems in the human body.

The cells, tissues, organs, and organ systems of the body 
coexist in a relatively small, shared environment, much like the 
residents of a large city. Just as city dwellers breathe the same 
air and drink the water supplied by the local water company, 
cells in the human body absorb oxygen and nutrients from the 
fluids that surround them. If a city is blanketed in smog or its 
water supply is contaminated, the people will become ill. Sim-
ilarly, if the body fluid composition becomes abnormal, cells 
will be injured or destroyed. For example, suppose the tem-
perature or salt content of the blood changes. The effect on the 
heart could range from the need for a minor adjustment (heart 
muscle tissue contracts more often, raising the heart rate) to a 
total disaster (the heart stops beating, so the individual dies).

C h e c k p o i n t

	12.	 Identify the major levels of organization of the human 
body from the simplest to the most complex.

	13.	 Identify the organ systems of the body and cite some 
major structures of each.

	14.	 At which level of biological organization does  
a histologist investigate structures?

See the blue Answers tab at the back of the book.

1-5    Homeostasis is the state  
of internal balance
Learning Outcome  Explain the concept of homeostasis.

Various physiological processes act to prevent harmful changes 
in the composition of body fluids and the environment inside 
our cells. Homeostasis (ho

.

-me
.

-o-STA
■

-sis; homeo, unchanging 
+ stasis, standing) refers to the existence of a stable internal 
environment. Maintaining homeostasis is absolutely vital to 
an organism’s survival. Failure to maintain homeostasis soon 
leads to illness or even death.

The principle of homeostasis is the central theme of this 
text and the foundation of all modern physiology. Homeo-
static regulation is the adjustment of physiological systems 
to preserve homeostasis. Physiological systems have evolved 
to maintain homeostasis in an environment that is often in-
consistent, unpredictable, and potentially dangerous. An un-
derstanding of homeostatic regulation is crucial to making ac-
curate predictions about the body’s responses to both normal 
and abnormal conditions.

Homeostatic regulation involves two general mechanisms: 
autoregulation and extrinsic regulation.

	1.	 Autoregulation is a process that occurs when a cell, a tis-
sue, an organ, or an organ system adjusts in response to 
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Major Organs
• Skin
• Hair
• Sweat glands
• Nails

Functions
• Protects against 

environmental 
hazards

• Helps regulate body 
temperature

• Provides sensory 
information

Major Organs
• Bones
• Cartilages
• Associated ligaments
• Bone marrow

Functions
• Provides support and 

protection for other 
tissues

• Stores calcium and 
other minerals

• Forms blood cells

Major Organs
• Skeletal muscles and 

associated tendons

Functions
• Provides movement
• Provides protection 

and support for other 
tissues

• Generates heat that 
maintains body 
temperature

Major Organs
• Brain
• Spinal cord
• Peripheral nerves
• Sense organs

Functions
• Directs immediate 

responses to stimuli
• Coordinates or 

moderates activities of 
other organ systems

• Provides and 
interprets sensory 
information about 
external conditions

Major Organs
• Pituitary gland
• Thyroid gland
• Pancreas
• Adrenal glands
• Gonads
• Endocrine tissues in 

other systems

Functions
• Directs long-term 

changes in the 
activities of other 
organ systems

• Adjusts metabolic 
activity and energy 
use by the body

• Controls many 
structural and 
functional changes 
during development

Major Organs
• Heart
• Blood
• Blood vessels

Functions
• Distributes blood 

cells, water and 
dissolved materials 
including nutrients, 
waste products, 
oxygen, and carbon 
dioxide

• Distributes heat 
and assists in 
control of body 
temperature

Major Organs
• Spleen
• Thymus
• Lymphatic vessels
• Lymph nodes
• Tonsils

Functions
• Defends against 

infection and 
disease

• Returns tissue fluids 
to the bloodstream

Major Organs
• Nasal cavities
• Sinuses
• Larynx
• Trachea
• Bronchi
• Lungs
• Alveoli

Functions
• Delivers air to alveoli 

(sites in lungs where 
gas exchange occurs)

• Provides oxygen to 
bloodstream

• Removes carbon 
dioxide from 
bloodstream

• Produces sounds for 
communication

Major Organs
• Teeth
• Tongue
• Pharynx
• Esophagus
• Stomach
• Small intestine
• Large intestine
• Liver
• Gallbladder
• Pancreas

Functions
• Processes and digests 

food
• Absorbs and 

conserves water
• Absorbs nutrients
• Stores energy reserves

Major Organs
• Kidneys
• Ureters
• Urinary bladder
• Urethra

Functions
• Excretes waste 

products from the 
blood

• Controls water 
balance by regulating 
volume of urine 
produced

• Stores urine prior to 
voluntary elimination

• Regulates blood ion 
concentrations and 
pH

Major Organs
• Testes
• Epididymides
• Ductus deferentia
• Seminal vesicles
• Prostate gland
• Penis
• Scrotum

Functions
• Produces male sex 

cells (sperm), 
 seminal fluids, and 

hormones
• Sexual intercourse

Major Organs
• Ovaries
• Uterine tubes
• Uterus
• Vagina
• Labia
• Clitoris
• Mammary glands

Functions
• Produces female sex 

cells (oocytes) and 
hormones

• Supports developing 
embryo from con- 
ception to delivery

• Provides milk to 
nourish newborn 
infant

• Sexual intercourse

Integumentary Skeletal Muscular Nervous Endocrine Cardiovascular Lymphatic Respiratory Digestive Urinary Male Reproductive Female Reproductive

Cardiac muscle
tissue

The heart

The
cardiovascular

system

Tissue Level
Organ Level

Interacting atoms form molecules that combine to form the protein filaments of a heart 
muscle cell. Such cells interlock, creating heart muscle tissue, which makes up most of 
the walls of the heart, a three-dimensional organ. The heart is only one component of 
the cardiovascular system, which also includes the blood and blood vessels. The various 
organ systems must work together to maintain life at the organism level.

THE ORGAN SYSTEMS

Chemical Level

Atoms in combination Complex protein molecule

Protein filaments
Heart muscle

cell

Cellular Level

Organism
level

Organ system
level

8

Spotlight Figure 1–1

Levels of Organization



# 110946     Cust: Pearson     Au: Martini    Pg. No. 9 
Title: Fundamentals Anatomy & Physiology  0/e        Server:      

C/M/Y/K 
Short / Normal 

DESIGN SERVICES OF

S4carlisle
Publishing Services

Major Organs
• Skin
• Hair
• Sweat glands
• Nails

Functions
• Protects against 

environmental 
hazards

• Helps regulate body 
temperature

• Provides sensory 
information

Major Organs
• Bones
• Cartilages
• Associated ligaments
• Bone marrow

Functions
• Provides support and 

protection for other 
tissues

• Stores calcium and 
other minerals

• Forms blood cells

Major Organs
• Skeletal muscles and 

associated tendons

Functions
• Provides movement
• Provides protection 

and support for other 
tissues

• Generates heat that 
maintains body 
temperature

Major Organs
• Brain
• Spinal cord
• Peripheral nerves
• Sense organs

Functions
• Directs immediate 

responses to stimuli
• Coordinates or 

moderates activities of 
other organ systems

• Provides and 
interprets sensory 
information about 
external conditions

Major Organs
• Pituitary gland
• Thyroid gland
• Pancreas
• Adrenal glands
• Gonads
• Endocrine tissues in 

other systems

Functions
• Directs long-term 

changes in the 
activities of other 
organ systems

• Adjusts metabolic 
activity and energy 
use by the body

• Controls many 
structural and 
functional changes 
during development

Major Organs
• Heart
• Blood
• Blood vessels

Functions
• Distributes blood 

cells, water and 
dissolved materials 
including nutrients, 
waste products, 
oxygen, and carbon 
dioxide

• Distributes heat 
and assists in 
control of body 
temperature

Major Organs
• Spleen
• Thymus
• Lymphatic vessels
• Lymph nodes
• Tonsils

Functions
• Defends against 

infection and 
disease

• Returns tissue fluids 
to the bloodstream

Major Organs
• Nasal cavities
• Sinuses
• Larynx
• Trachea
• Bronchi
• Lungs
• Alveoli

Functions
• Delivers air to alveoli 

(sites in lungs where 
gas exchange occurs)

• Provides oxygen to 
bloodstream

• Removes carbon 
dioxide from 
bloodstream

• Produces sounds for 
communication

Major Organs
• Teeth
• Tongue
• Pharynx
• Esophagus
• Stomach
• Small intestine
• Large intestine
• Liver
• Gallbladder
• Pancreas

Functions
• Processes and digests 

food
• Absorbs and 

conserves water
• Absorbs nutrients
• Stores energy reserves

Major Organs
• Kidneys
• Ureters
• Urinary bladder
• Urethra

Functions
• Excretes waste 

products from the 
blood

• Controls water 
balance by regulating 
volume of urine 
produced

• Stores urine prior to 
voluntary elimination

• Regulates blood ion 
concentrations and 
pH

Major Organs
• Testes
• Epididymides
• Ductus deferentia
• Seminal vesicles
• Prostate gland
• Penis
• Scrotum

Functions
• Produces male sex 

cells (sperm), 
 seminal fluids, and 

hormones
• Sexual intercourse

Major Organs
• Ovaries
• Uterine tubes
• Uterus
• Vagina
• Labia
• Clitoris
• Mammary glands

Functions
• Produces female sex 

cells (oocytes) and 
hormones

• Supports developing 
embryo from con- 
ception to delivery

• Provides milk to 
nourish newborn 
infant

• Sexual intercourse

Integumentary Skeletal Muscular Nervous Endocrine Cardiovascular Lymphatic Respiratory Digestive Urinary Male Reproductive Female Reproductive

Cardiac muscle
tissue

The heart

The
cardiovascular

system

Tissue Level
Organ Level

Interacting atoms form molecules that combine to form the protein filaments of a heart 
muscle cell. Such cells interlock, creating heart muscle tissue, which makes up most of 
the walls of the heart, a three-dimensional organ. The heart is only one component of 
the cardiovascular system, which also includes the blood and blood vessels. The various 
organ systems must work together to maintain life at the organism level.

THE ORGAN SYSTEMS

Chemical Level

Atoms in combination Complex protein molecule

Protein filaments
Heart muscle

cell

Cellular Level

Organism
level

Organ system
level

9




