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Preface to the Instructor

The philosophy behind the eighth edition of this manual mirrors that of all earlier editions. It reflects a still-developing
sensibility for the way teachers teach and students learn engendered by years of teaching the subject, and by listening to the
suggestions of other instructors as well as those of students enrolled in multifaceted health-care programs. Human Anatomy
& Physiology Laboratory Manual: Cat Version was originally developed to facilitate and enrich the laboratory experience
for both teachers and students. This, its eighth edition, retains those same goals.

This manual, intended for students in introductory human anatomy and physiology courses, presents a wide range of
laboratory experiences for students concentrating in nursing, physical therapy, dental hygiene, pharmacology, respiratory
therapy, health and physical education, as well as biology and premedical programs. It differs from Human Anatomy &
Physiology Laboratory Manual, Main Version (Seventh Edition, 2005) in that it contains detailed guidelines for dissecting a
laboratory animal. The manual’s coverage is intentionally broad, allowing it to serve both one- and two-semester courses.

Basic Pedagogical Approach

The generous variety of experiments in this manual provides flexibility that enables instructors to gear their laboratory
approach to specific academic programs, or to their own teaching preferences. The manual is still independent of any
textbook, so it contains the background discussions and terminology necessary to perform all experiments. Such a self-
contained learning aid eliminates the need for students to bring a textbook into the laboratory.

Each of the 46 exercises leads students toward a coherent understanding of the structure and function of the human
body. The manual begins with anatomical terminology and an orientation to the body, which together provide the necessary
tools for studying the various body systems. The exercises that follow reflect the dual focus of the manual—both anatomical
and physiological aspects receive considerable attention. As the various organ systems of the body are introduced, the initial
exercises focus on organization, from the cellular to the organ system level. As indicated by the table of contents, the
anatomical exercises are usually followed by physiological experiments that familiarize students with various aspects of body
functioning and promote the critical understanding that function follows structure. Homeostasis is continually emphasized as
a requirement for optimal health. Pathological conditions are viewed as a loss of homeostasis; these discussions can be
recognized by the homeostasis imbalance logo within the descriptive material of each exercise. This holistic approach
encourages an integrated understanding of the human body.

Features and Changes

In this revision, | have continued to try to respond to reviewers’ and users’ feedback concerning trends that are having an
impact on the anatomy and physiology laboratory experience, most importantly:

® the growing reluctance of students to perform experiments using living laboratory animals, the declining popularity of
animal dissection exercises, and the growing demand for student-based experimentation

® the increased use of computers in the laboratory, and hence the subsequent desire for more computer simulation
exercises

® the replacement of older recording equipment with computerized data acquisition and compilation systems
® the continued importance of visual learning for today’s student
® the need to reinforce writing, computation, and critical thinking skills across the curriculum

The specific changes implemented to address these trends fall neatly into two areas: pedagogical and multimedia. Changes
made in each of these areas are described next.

Pedagogical Features

1. Design Enhancements



A color-coded heading design enhances the lab manual pedagogy and distinguishes important features of the text. Opening
pages of exercises are enriched with colored background screens that highlight descriptions of exercise objectives and lists of
required materials. Red Activity heads are used throughout the manual, alerting the student that “hands-on” learning is to

follow. Activity heads for experiments involving BIOPAC® and other apparatus are also set off in red. A scissors icon and
blue-green Dissection head herald sections that entail dissection of isolated organs. The conclusion of each Activity and
Dissection is indicated by a block symbol, which is of the same hue as the section heading. Tables and charts are framed in
blue and beige, and are placed near relevant text.

2. Art Program Revisions

A completely revitalized art program is offered with this new edition. Several new figures have been added, and many
illustrations have been revised for more detail, improved line quality, and stronger color. The tissue figures in Exercise 6
have been reformatted and now include photomicrographs that are much larger. Selected tables have been embellished with
new full-color drawings. Several new photographs have been added to accompany diagrammatic figures, and many new
photomicrographs are offered throughout the main exercises and in the Histology Atlas.

3. Updated Anatomical Terminology
The anatomical terminology in this eighth edition has been updated to match that in Human Anatomy & Physiology, Sixth
Edition (main text authored by Elaine N. Marieb).

4. Content Changes
Activities that have proven to be of limited pedagogical value because of unpredictability of results, difficult implementation,
or general unpopularity have been deleted from the manual. These include the filtration demonstration in Exercise 5A,
mapping rods and cones in Exercise 24, and estimating venous pressure in Exercise 33A.

A number of new activities, many of which depend on student-student interaction, have been added to this edition. The
following are representative of these additions:

® Dermagraphics: Fingerprinting in Exercise 7

® Several changes in Exercise 13: for example, a new activity demonstrating the importance of friction reducing

structures; the addition of a new joint (temporomandibular) to study; manipulating models to demonstrate hip and knee
movements

® Making a muscle painting using water-based paints to paint the skin over specific muscles on a classmate’s body in
Exercise 15

® Demonstrating the galvanic skin response (lie detector test) using BIOPAC® in Exercise 21

®  Per user request, adding the Tallquist method for determining hemoglobin back into Exercise 29A

5. Organization Changes

As in the previous edition of the manual, the principal laboratory lessons, Exercises 1 through 46, appear first and are
followed by corresponding Review Sheets and the excellent Histology and Human Anatomy Atlases. Within the main
section are 11 exercises designated with the letter “A.” The“A” indicates that the exercise has a correlating “B” exercise—a
PhysioEx™ computer simulation that can be used along with or in place of a wet lab activity. All 13 PhysioEx™ modules, as
well as PhysioEx™ Review Sheets, are contained in a separate section located near the end of the manual.

All instructions for dissection of the major laboratory animal (cat in this case) have been moved to a special section of
the manual. In this section, the laboratory review sections are made part of the individual dissection exercises to encourage
the student to look at questions during the laboratory when the dissection specimen is still in front of them. Four-color
photographs are integrated in the dissection exercises and additional photographs have been taken to ensure that nearly all
diagrams in this section are accompanied by a corresponding photo. This approach provides students with both a realistic
(photographs in real color) and an idealized (diagrams in four-color) art program to guide their dissection experiences.

Multimedia Features

1. PhysioEx™ Version 5.0 Computer Simulations

The PhysioEx™ CD-ROM, shrink-wrapped with every lab manual, has been expanded in the Eighth Edition of the manual
to include a new lab on blood analysis, more data variability, and online worksheets. Unlike the typical tutorial-based
computer supplements that usually target anatomy, the 36 physiology experiments on PhysioEx™ Version 5.0 allow students
to explore with different variables while being guided through the process of discovery within the structure and security of a



written lab exercise. Particularly advantageous is the fact that the students can conduct or review the experiments and slides
at home on a personal computer. PhysioEx™ Version 5.0 also provides convenient “laboratory access” for students enrolled
in Internet-based distance education courses and now is available online at www.
physioex.com. (Use the access code found at the front of your lab manual to log onto the site.)

PhysioEx™ Version 5.0 topics include:

® Exercise 5B, The Cell: Transport Mechanisms and Per-meability—Computer Simulation. Explores how substances
cross the cell’s membrane. Simple and facilitated diffusion, osmosis, filtration, and active transport are covered.

® Exercise 6B, Histology Tutorial. Includes over 200 histology images, viewable at various magnifications, with
accompanying descriptions and labels.

® Exercise 16B, Skeletal Muscle Physiology: Computer Simulation. Provides insights into the complex physiology of
skeletal muscle. Electrical stimulation, isometric contractions, and isotonic contractions are investigated.

® Exercise 18B, Neurophysiology of Nerve Impulses: Computer Simulation. Investigates stimuli that elicit action
potentials, stimuli that inhibit action potentials, and factors affecting nerve conduction velocity.

® Exercise 28B, Endocrine System Physiology: Computer Simulation. Investigates the relationship between hormones and
metabolism; the effect of estrogen replacement therapy; and the effect of insulin on diabetes.

® Exercise 29B, Blood Analysis: Computer Simulation. Covers hematocrit determination, erythrocyte sedimentation rate
determination, hemoglobin determination, blood typing, and total cholesterol determination.

® Exercise 33B, Cardiovascular Dynamics: Computer Simulation. Allows students to perform experiments that would be
difficult if not impossible to do in a traditional laboratory. Topics of inquiry include vessel resistance and pump (heart)
mechanics.

® Exercise 34B, Frog Cardiovascular Physiology: Computer Simulation. Variables influencing heart activity are
examined. Topics include setting up and recording baseline heart activity, the refractory period of cardiac muscle, and an
investigation of physical and chemical factors that affect enzyme activity.

® Exercise 37B, Respiratory System Mechanics: Computer Simulation. Investigates physical and chemical aspects of
pulmonary function. Students collect data simulating normal lung volumes. Other activities examine factors such as airway
resistance and the effect of surfactant on lung function.

® Exercise 39B, Chemical and Physical Processes of Digestion: Computer Simulation. Turns the student’s computer into a
virtual chemistry lab where enzymes, reagents, and incubation conditions can be manipulated (in compressed time) to
examine factors that affect enzyme activity.

® Exercise 41B, Renal Physiology: The Function of the Nephron—Computer Simulation. Simulates the function of a
single nephron. Topics include factors influencing glomerular filtration, the effect of hormones on urine function, and
glucose transport maximum.

® Exercise 47, Acid-Base Balance: Computer Simulation. Topics include respiratory and metabolic acidosis/alkalosis, and
renal and respiratory compensation.

2. BIOPAC® Instructions

Instructions for the use of the BIOPAC® Student Lab System are included in the lab manual: Exercises 16A, 20, 21, 22, 31,
33A, 34A, and 37A.

3. PowerLab® Instructions

Instructions for use of the PowerLab® data acquisition and compilation system for Exercises 16A, 22, 31, 33A, 34A, and
37A can be found in Appendix B of the Instructor’s Guide.

4. Intelitool® Instructions



Four physiological experiments (Exercises 16i, 22i, 31i, and 37i) using Intelitool® equipment are available in the

Instructor’s Guide. Instructors using Intelitool® equipment in their laboratory may copy these exercises for student
handouts.

5. Videotapes
Human Anatomy & Physiology videotapes are available to qualified adopters. These excellent videotapes reinforce many of
the concepts covered in this manual and will represent a valuable addition to any multimedia library.

Special Features Retained

Virtually all the special features appreciated by the adopters of the last edition are retained.

® The prologue, “Getting Started—What to Expect, The Scientific Method, and Metrics,” explains the scientific method,
the logical, practical, and reliable way of approaching and solving problems in the laboratory and reviews metric units and
interconversions. A format for writing lab reports is also included.

® Each exercise begins with learning objectives.
® Key terms appear in boldface print, and each term is defined when introduced.

® llustrations are large and of exceptional quality. Full-color photographs and drawings highlight, differentiate, and focus
student attention on important structures.

® Body structures are studied from simple-to-complex levels, and physiological experiments allow ample opportunity for
student observation and experimentation.

® The numerous physiological experiments for each organ system range from simple experiments that can be performed
without specialized tools to more complex ones using laboratory equipment computers and instrumentation techniques.

® Tear-out laboratory review sheets, located toward the end of the manual, are designed to accompany each lab exercise.
The review sheets provide space for recording and interpreting experimental results and require students to label diagrams
and answer multiple-choice and short-answer questions.

® In addition to the figures, isolated animal organs such as the sheep heart and pig kidney are employed because of their
exceptional similarity to human organs. If no major dissection animal is used in your course, the laboraory manual version
entitled Human Anatomy & Physiology, Main Version, Seventh Edition, is recommended.

® The Histology Atlas has 63 color photomicrographs, and the edges of its pages are colored purple for quick location.
The photomicrographs selected are those deemed most helpful to students because they correspond closely with slides
typically viewed in the lab. Most such tissues are stained with hematoxylin and eosin (H & E), but a few depicted in the
Histology Atlas are stained with differential stains to allow selected cell populations to be identified in a given tissue. Line
drawings, corresponding to selected plates in the Histology Atlas, appear in appropriate places in the text and add to the
utility of the atlas. The student can color these diagrams to replicate the stains of the slides; thus they provide a valuable
learning aid.

® All exercises involving body fluids (blood, urine, saliva) incorporate current Centers for Disease Control (CDC)
guidelines for handling human body fluids. Because it is important that nursing students, in particular, learn how to safely
handle bloodstained articles, the human focus has been retained. However, the decision to allow testing of human (student)
blood or to use animal blood in the laboratory is left to the discretion of the instructor in accordance with institutional
guidelines. The CDC guidelines for handling body fluids are reinforced by the laboratory safety procedures described on the
inside front cover of this text, in Exercise 29A: Blood, and in the Instructor’s Guide. The inside cover can be photocopied
and posted in the lab to help students become well versed in laboratory safety.

® Appendix B correlates some of the required anatomical laboratory observations with the corresponding sections of

A.D.A.M.® Interactive Anatomy. Using AD.AM® 10 complement the printed manual descriptions of anatomical structures
provides an extremely useful study method for visually oriented students.

®  Four logos alert students to special features or instructions. These include:



The dissection scissors icon appears at the beginning of activities that entail the dissection of isolated animal organs.
The homeostasis imbalance icon directs the student’s attention to conditions representing a loss of homeostasis.

A safety icon notifies students that specific safety precautions must be observed when using certain equipment or conducting
particular lab procedures. (For example, when working with ether, a hood is to be used, or when handling body fluids such
as blood, urine, or saliva, gloves are to be worn.)

The A.D.A.M.® icon indicates where use of the A.D.A.M.®
software would enhance the study and comprehension of laboratory topics.

Supplements

® The Instructor’s Guide that accompanies all versions of the Human Anatomy & Physiology Laboratory Manual contains
a wealth of information for those teaching this course. Instructors can find help in planning the experiments, ordering
equipment and supplies, anticipating pitfalls and problem areas, and locating audiovisual material. The probable in-class time
required for each lab is indicated by an hour-glass icon. Other useful resources are the Trends in Instrumentation section that
describes the latest laboratory equipment and technological teaching tools available and directions for using PowerLab data

acquisition and compilation system and Intelitool® instrumentation. Additional supplements include the following videos,
which are available free of charge to qualified adopters:

® Selected Actions of Hormones and Other Chemical Messengers videotape by Rose Leigh Vines and Juanita Barrena (0-
8053-4155-2)

® Human Musculature videotape by Rose Leigh Vines and Allan Hinderstein (0-8053-0106-2)

® The Human Cardiovascular System: The Heart videotape by Rose Leigh Vines and Rosalee Carter, University Media
Services, California State University, Sacramento
(0-8053-4289-3)

® The Human Cardiovascular System: The Blood Vessels videotape by Rose Leigh Vines, University Media Services,
California State University, Sacramento (0-8053-4297-4)

® The Human Nervous System: Human Brain and Cranial Nerves videotape by Rose Leigh Vines and Rosalee Carter,
University Media Services, California State University, Sacramento (0-8053-4012-2)

® The Human Nervous System: The Spinal Cord and Nerves videotape by Rose Leigh Vines and Rosalee Carter,
University Media Services, California State University, Sacramento (0-8053-4013-0)

® The Human Respiratory System videotape by Rose Leigh Vines and Ann Motekaitis (0-8053-4822-0)

® The Human Digestive System videotape by Rose Leigh Vines and Ann Motekaitis (0-8053-4823-9)

® The Human Urinary System videotape by Rose Leigh Vines and Ann Motekaitis (0-8053-4915-4)

® The Human Reproductive Systems videotape by Rose Leigh Vines and Ann Motekaitis (0-8053-4914-6)
®  Student Video Series Vol. | (0-8053-4110-2)

® Student Video Series Vol. Il (0-8053-6115-4)

A.D.A.Me Software

Available for purchase from Benjamin Cummings to enhance student learning are the following:

A.D.AM.® Interactive Anatomy Student Lab Guide, Second Edition
(ISBN 0-8053-5049-7)



A.D.AM.® Interactive Anatomy Student Package, Second Edition
(Win: ISBN 0-8053-5043-8; Mac: ISBN 0-8053-5044-6)

Student Workbook for A.D.A.M.® Standard
(ISBN 0-8053-2115-2)

Contact your Benjamin Cummings sales representative for more information, or visit our web site at www.awl.com/bc.
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Preface to the Instructor#

Preface to the Student

Hopefully, your laboratory experiences will be exciting times for you. Like any unfamiliar experience, it really helps if you
know in advance what to expect and what will be expected of you.

Laboratory Activities

The A&P laboratory exercises in this manual are designed to help you gain a broad understanding of both anatomy and
physiology. You can anticipate examining models, dissecting an animal, and using a microscope to look at tissue slides
(anatomical approaches). You will also investigate chemical conditions or observe changes in both living and nonliving



systems, manipulate variables in computer simulations, and conduct experiments that examine responses of living organisms
to various stimuli (physiological approaches).

Because some students question the use of animals in the laboratory setting, their concerns need to be addressed. Be
assured that the preserved organ specimens used in the anatomy and physiology labs are not harvested from animals raised
specifically for dissection purposes. Organs that are of no use to the meat packing industry (such as the brain, heart, or lungs)
are sent from slaughterhouses to biological supply houses for preparation.

Every effort is being made to find alternative methods that do not use living animals to study physiological concepts. For
example, included in this edition is the PhysioEx™ CD-ROM. The ten simulation exercises on this CD allow you to convert
a computer into a virtual laboratory. You will be able to manipulate variables to investigate physiological phenomena. Such
computer-based simulations provide you with alternatives to the use of real animals.

There is little doubt that computer simulations offer certain advantages: (1) they allow you to experiment at length
without time constraints of traditional experiments, and (2) they make it possible to investigate certain concepts that would
be difficult or impossible to explore in traditional exercises. Yet, the main disadvantage of computer simulations is that the
real-life aspects of experimentation are sacrificed. An animated frog muscle or heart on a computer screen is not really a
substitute for observing the responses of actual muscle tissue. Consequently, living animal experiments remain an important
part of the approach of this manual to the study of human anatomy and physiology. However, wherever possible, the
minimum number of animals needed to demonstrate a particular point is used. Furthermore, some instructor-delivered and
videotaped demonstrations of live animal experiments are suggested.

If you use living animals for experiments, you will be expected to handle them humanely. Inconsiderate treatment of
laboratory animals will not be tolerated in your anatomy and physiology laboratory.

A.D.A.M e Interactive Anatomy

If the A.D.A.M.® CD-ROM software is available for your use, Appendix B of the manual will help you link the various
laboratory topics with specific frames of the A.D.AM.® software to help you in your studies.

Icons/Visual Mnemonics

I have tried to make this manual very easy for you to use, and to this end two colored section heads and four different icons
(visual mnemonics) are used throughout:

The Dissection head is blue-green and is accompanied by the dissection scissors icon at the beginning of activities that
require you to dissect isolated animal organs.

The Activity head is red. Because most exercises have some explanatory background provided before the experiment(s),
this visual cue alerts you that your lab involvement is imminent.

The homeostasis imbalance icon appears where a clinical disorder is described to indicate what happens when there is a
structural abnormality or physiological malfunction (e.g., a loss of homeostasis).

The A.D.A.M.® Interactive Anatomy icon alerts you where the use of the A.D.A.M.e CD-ROM would enhance your
laboratory experience.

The safety icon alerts you to special precautions that
should be taken when handling lab equipment or
conducting certain procedures. For example, it alerts you
to use a ventilating hood when using volatile chemicals
and signifies that you should take special measures to



protect yourself when handling blood or other body fluids
(e.qg., saliva, urine).

Hints for Success in
the Laboratory

With the possible exception of those who have photographic memories, most students can use helpful hints and guidelines to
ensure that they have successful lab experiences.

1. Perhaps the best bit of advice is to attend all your scheduled labs and to participate in all the assigned exercises.
Learning is an active process.

2. Scan the scheduled lab exercise and the questions in the review section in the back of the manual that pertain to it before
going to lab.

3. Beontime. Most instructors explain what the lab is about, pitfalls to avoid, and the sequence or format to be followed at
the beginning of the lab session. If you are late, not only will you miss this information, you will not endear yourself to the
instructor.

4. Follow the instructions in the order in which they are given. If you do not understand a direction, ask for help.
5. Review your lab notes after completing the lab session to help you focus on and remember the important concepts.
6. Keep your work area clean and neat. Move books and coats out of the way. This reduces confusion and accidents.

7. Assume that all lab chemicals and equipment are sources of potential danger to you. Follow directions for equipment use
and observe the laboratory safety guidelines provided inside the front cover of this manual.

8. Keep in mind the real value of the laboratory experience— a place for you to observe, manipulate, and experience
hands-on activities that will dramatically enhance your understanding of the lecture presentations.

| really hope that you enjoy your A&P laboratories and that this lab manual makes learning about intricate structures and
functions of the human body a fun and rewarding process. I’m always open to constructive criticism and suggestions for
improvement in future editions. If you have any, please write to me.

Elaine N. Marieb

Anatomy and Physiology

Benjamin Cummings

1301 Sansome Street

San Francisco, CA 94111t Preface to the Student#

Getting Started What
to Expect, The Scientific Method, and
Metrics

Two hundred years ago science was largely a plaything of wealthy patrons, but today’s world is dominated by science and its
technology. Whether or not we believe that such domination is desirable, we all have a responsibility to try to understand the
goals and methods of science that have seeded this knowledge and technological explosion.

The biosciences are very special and exciting because they open the doors to an understanding of all the wondrous
workings of living things. A course in human anatomy and physiology (a minute subdivision of bioscience) provides such



insights in relation to your own body. Although some experience in scientific studies is helpful when beginning a study of
anatomy and physiology, perhaps the single most important prerequisite is curiosity.

Gaining an understanding of science is a little like becoming acquainted with another person. Even though a written
description can provide a good deal of information about the person, you can never really know another unless there is
personal contact. And so it is with science—if you are to know it well, you must deal with it intimately.

The laboratory is the setting for “intimate contact” with science. It is where scientists test their ideas (do research), the
essential purpose of which is to provide a basis from which predictions about scientific phenomena can be made. Likewise, it
will be the site of your “intimate contact” with the subject of human anatomy and physiology as you are introduced to the
methods and instruments used in biological research.

For many students, human anatomy and physiology is taken as an introductory-level course; and their scientific
background exists, at best, as a dim memory. If this is your predicament, this prologue may be just what you need to fill in a
few gaps and to get you started on the right track before your actual laboratory experiences begin. So—Ilet’s get to it!

The Scientific Method

Science would quickly stagnate if new knowledge were not continually derived from and added to it. The approach
commonly used by scientists when they investigate various aspects of their respective disciplines is called the scientific
method. This method is not a single rigorous technique that must be followed in a lockstep manner. It is nothing more or less
than a logical, practical, and reliable way of approaching and solving problems of every kind—scientific or otherwise—to
gain knowledge. It comprises five major steps.

Step 1: Observation of Phenomena

The crucial first step involves observation of some phenomenon of interest. In other words, before a scientist can investigate
anything, he or she must decide on a problem or focus for the investigation. In most college laboratory experiments, the
problem or focus has been decided for you. However, to illustrate this important step, we will assume that you want to
investigate the true nature of apples, particularly green apples. In such a case you would begin your studies by making a
number of different observations concerning apples.

Step 2: Statement of the Hypothesis

Once you have decided on a focus of concern, the next step is to design a significant question to be answered. Such a
question is usually posed in the form of a hypothesis, an unproven conclusion that attempts to explain some phenomenon.
(At its crudest level, a hypothesis can be considered to be a “guess” or an intuitive hunch that tentatively explains some
observation.) Generally, scientists do not restrict themselves to a single hypothesis; instead, they usually pose several and
then test each one systematically.

We will assume that, to accomplish step 1, you go to the supermarket and randomly select apples from several bins.
When you later eat the apples, you find that the green apples are sour, but the red and yellow apples are sweet. From this
observation, you might conclude (hypothesize) that “green apples are sour.” This statement would represent your current
understanding of green apples. You might also reasonably predict that if you were to buy more apples, any green ones you
buy will be sour. Thus, you would have gone beyond your initial observation that “these” green apples are sour to the
prediction that “all” green apples are sour.

Any good hypothesis must meet several criteria. First, it must be testable. This characteristic is far more important than
its being correct. The test data may or may not support the hypothesis or new information may require that the hypothesis be
modified. Clearly the accuracy of a prediction in any scientific study depends on the accuracy of the initial information on
which it is based.

In our example, no great harm will come from an inaccurate prediction—that is, were we to find that some green apples
are sweet. However, in some cases human life may depend on the accuracy of the prediction: thus, (1) Repeated testing of
scientific ideas is important, particularly because scientists working on the same problem do not always agree in their
conclusions. (2) Conclusions drawn from scientific tests are only as accurate as the information on which they are based;
therefore, careful observation is essential, even at the very outset of a study.

A second criterion is that, even though hypotheses are guesses of a sort, they must be based on measurable, describable
facts. No mysticism can be theorized. We cannot conjure up, to support our hypothesis, forces that have not been shown to
exist. For example, as scientists, we cannot say that the tooth fairy took Johnny’s tooth unless we can prove that the tooth
fairy exists!



Third, a hypothesis must not be anthropomorphic. Human beings tend to anthropomorphize—that is, to relate all
experiences to human experience. Whereas we could state that bears instinctively protect their young, it would be
anthropomorphic to say that bears love their young, because love is a human emotional response. Thus, the initial hypothesis
must be stated without interpretation.

Step 3: Data Collection

Once the initial hypothesis has been stated, scientists plan experiments that will provide data (or evidence) to support or
disprove their hypotheses—that is, they test their hypotheses. Data are accumulated by making qualitative or quantitative
observations of some sort. The observations are often aided by the use of various types of equipment such as cameras,
microscopes, stimulators, or various electronic devices that allow chemical and physiologic measurements to be made.

Observations referred to as qualitative are those we can make with our senses—that is, by using our vision, hearing, or
sense of taste, smell, or touch. For some quick practice in qualitative observation, compare and contrast* an orange and an
apple.

Whereas the differences between an apple and an orange are obvious, this is not always the case in biological
observations. Quite often a scientist tries to detect very subtle differences that cannot be determined by qualitative
observations; data must be derived from measurements. Such observations based on precise measurements of one type or
another are quantitative observations. Examples of quantitative observations include careful measurements of body or
organ dimensions such as mass, size, and volume; measurement of volumes of oxygen consumed during metabolic studies;
determination of the concentration of glucose in urine; and determination of the differences in blood pressure and pulse
under conditions of rest and exercise. An apple and an orange could be compared quantitatively by analyzing the relative
amounts of sugar and water in a given volume of fruit flesh, the pigments and vitamins present in the apple skin and orange
peel, and so on.

A valuable part of data gathering is the use of experiments to support or disprove a hypothesis. An experiment is a
procedure designed to describe the factors in a given situation that affect one another (that is, to discover cause and effect)
under certain conditions.

Two general rules govern experimentation. The first of these rules is that the experiment(s) should be conducted in such
a manner that every variable (any factor that might affect the outcome of the experiment) is under the control of the
experimenter. The independent variables are manipulated by the experimenter. For example, if the goal is to determine the
effect of body temperature on breathing rate, the independent variable is body temperature. The effect observed or value
measured (in this case breathing rate,) is called the dependent or response variable. Its value “depends” on the value
chosen for the independent variable. The ideal way to perform such an experiment is to set up and run a series of tests that
are all identical, except for one specific factor that is varied.

One specimen (or group of specimens) is used as the control against which all other experimental samples are
compared. The importance of the control sample cannot be overemphasized. The control group provides the “normal
standard” against which all other samples are compared relative to the dependent variable. Taking our example one step
further, if we wanted to investigate the effects of body temperature (the independent variable) on breathing rate (the
dependent variable), we could collect data on the breathing rate of individuals with “normal” body temperature (the implicit
control group), and compare these data to breathing-rate measurements obtained from groups of individuals with higher and
lower body temperatures.

The second rule governing experimentation is that valid results require that testing be done on large numbers of subjects.
It is essential to understand that it is nearly impossible to control all possible variables in biological tests. Indeed, there is a
bit of scientific wisdom that mirrors this truth—that is, that laboratory animals, even in the most rigidly controlled and
carefully designed experiments, “will do as they damn well please.” Thus, stating that the testing of a drug for its pain-killing
effects was successful after having tested it on only one postoperative patient would be scientific suicide. Large numbers of
patients would have to receive the drug and be monitored for a decrease in postoperative pain before such a statement could
have any scientific validity. Then, other researchers would have to be able to uphold those conclusions by running similar
experiments. Repeatability is an important part of the scientific method and is the primary basis for support or rejection of
many hypotheses.

During experimentation and observation, data must be carefully recorded. Usually, such initial, or raw, data are recorded
in table form. The table should be labeled to show the variables investigated and the results for each sample. At this point,
accurate recording of observations is the primary concern. Later, these raw data will be reorganized and manipulated to
show more explicitly the outcome of the experimentation.

Some of the observations that you will be asked to make in the anatomy and physiology laboratory will require that a
drawing be made. Don’t panic! The purpose of making drawings (in addition to providing a record) is to force you to
observe things very closely. You need not be an artist (most biological drawings are simple outline drawings), but you do
need to be neat and as accurate as possible. It is advisable to use a 4H pencil to do your drawings because it is easily erased



and doesn’t smudge. Before beginning to draw, you should examine your specimen closely, studying it as though you were
going to have to draw it from memory. For example, when looking at cells you should ask yourself questions such as “What
is their shape—the relationship of length and width? How are they joined together?” Then decide precisely what you are
going to show and how large the drawing must be to show the necessary detail. After making the drawing, add labels in the
margins and connect them by straight lines (leader lines) to the structures being named.

Step 4: Manipulation and
Analysis of Data

The form of the final data varies, depending on the nature of the data collected. Usually, the final data represent information
converted from the original measured values (raw data) to some other form. This may mean that averaging or some other
statistical treatment must be applied, or it may require conversions from one kind of units to another. In other cases, graphs
may be needed to display the data.

Elementary Treatment of Data
Only very elementary statistical treatment of data is required in this manual. For example, you will be expected to understand
and/or compute an average (mean), percentages, and a range.

Two of these statistics, the mean and the range, are useful in describing the typical case among a large number of
samples evaluated. Let us use a simple example. We will assume that the following heart rates (in beats/min) were recorded
during an experiment: 64, 70, 82, 94, 85, 75, 72, 78. If you put these numbers in numerical order, the range is easily
computed, because the range is the difference between the highest and lowest numbers obtained (highest number minus
lowest number). The mean is obtained by summing the items and dividing the sum by the number of items. What is the
range and the mean for the set of numbers just provided:

1. =

The word percent comes from the Latin meaning “for 100”; thus percent, indicated by the percent sign, %, means parts
per 100 parts. Thus, if we say that 45% of Americans have type O blood, what we are really saying is that among each group
of 100 Americans, 45 (45/100) can be expected to have type O blood. Any ratio can be converted to a percent by multiplying
by 100 and adding the percent sign.

.253100525% 53 1005500%

It is very easy to convert any number (including decimals) to a percent. The rule is to move the decimal point two places
to the right and add the percent sign. If no decimal point appears, it is assumed to be at the end of the number; and zeros are
added to fill any empty spaces. Two examples follow:

0.2550.25525%
555 5 500%
Change the following to percents:
2. 385 4. 165
3. .755

Note that although you are being asked here to convert numbers to percents, percents by themselves are meaningless. We
always speak in terms of a percentage of something.

To change a percent to decimal form, remove the percent sign, and divide by 100. Change the following percents to
whole numbers or decimals:

5. 800%5 6. 0.05%5
Making and Reading Line Graphs

For some laboratory experiments you will be required to show your data (or part of them) graphically. Simple line graphs
allow relationships within the data to be shown interestingly and allow trends (or patterns) in the data to be demonstrated. An



advantage of properly drawn graphs is that they save the reader’s time because the essential meaning of large numbers of
statistical data can be visualized at a glance.

To aid in making accurate graphs, graph paper (or a printed grid in the manual) is used. Line graphs have both horizontal
(X) and vertical (Y) axes with scales. Each scale should have uniform intervals—that is, each unit measured on the scale
should require the same distance along the scale as any other. Variations from this rule may be misleading and result in false
interpretations of the data. By convention, the condition that is manipulated (the independent variable) in the experimental
series is plotted on the X-axis (the horizontal axis); and the value that we then measure (the dependent variable) is plotted on
the Y-axis (the vertical axis). To plot the data, a dot or a small x is placed at the precise point where the two variables
(measured for each sample) meet; and then a line (this is called the curve) is drawn to connect the plotted points.

Sometimes, you will see the curve on a line graph extended beyond the last plotted point. This is (supposedly) done to
predict “what comes next.” When you see this done, be skeptical. The information provided by such a technique is only
slightly more accurate than that provided by a crystal ball! When constructing a graph, be sure to label the X-axis and Y-axis
and give the graph a legend (see Figure G.1).

To read a line graph, pick any point on the line, and match it with the information directly below on the X-axis and with
that directly to the left of it on the Y-axis. Figure G.1 is a graph that illustrates the relationship between breaths per minute
(respiratory rate) and body temperature. Answer the following questions about this graph:

7. What was the respiratory rate at a body temperature of
96°F?

8. Between which two body temperature readings was the increase in breaths per minute greatest?

Step 5: Reporting Conclusions
of the Study

Drawings, tables, and graphs alone do not suffice as the final presentation of scientific results. The final step requires that
you provide a straightforward description of the conclusions drawn from your results. If possible, your findings should be
compared to those of other investigators working on the same problem. (For laboratory investigations conducted by students,
these comparative figures are provided by classmates.)

It is important to realize that scientific investigations do not always yield the anticipated results. If there are
discrepancies between your results and those of others, or what you expected to find based on your class notes or textbook
readings, this is the place to try to explain those discrepancies.

Results are often only as good as the observation techniques used. Depending on the type of experiment conducted,
several questions may need to be answered. Did you weigh the specimen carefully enough? Did you balance the scale first?
Was the subject’s blood pressure actually as high as you recorded it, or did you record it inaccurately? If you did record it
accurately, is it possible that the subject was emotionally upset about something, which might have given falsely high data
for the variable being investigated? Attempting to explain an unexpected result will often teach you more than you would
have learned from anticipated results.

When the experiment produces results that are consistent with the hypothesis, then the hypothesis can be said to have
reached a higher level of certainty. The probability that the hypothesis is correct is greater.

A hypothesis that has been validated by many different investigators is called a theory. Theories are useful in two
important ways. First, they link sets of data; and second, they make predictions that may lead to additional avenues of
investigation. (Okay, we know this with a high degree of certainty; what’s next?)

When a theory has been repeatedly verified and appears to have wide applicability in biology, it may assume the status
of a biological principle. A principle is a statement that applies with a high degree of probability to a range of events. For
example, “Living matter is made of cells or cell products” is a principle stated in many biology texts. It is a sound and useful
principle, and will continue to be used as such—unless new findings prove it wrong.

We have been through quite a bit of background concerning the scientific method and what its use entails. Because it is
important that you remember the phases of the scientific method, they are summarized here:

1. Observation of some phenomenon
2. Statement of a hypothesis (based on the observations)
3. Collection of data (testing the hypothesis with controlled experiments)



4. Manipulation and analysis of the data
5. Reporting of the conclusions of the study (routinely done by preparing a lab report—see p. xvi)

Writing a Lab Report Based on the Scientific Method

A laboratory report is not the same as a scientific paper, but it has some of the same elements and is a formal way to report
the results of a scientific experiment. The report should have a cover page that includes the title of the experiment, the
author’s name, the name of the course, the instructor, and the date. The report should include five separate clearly marked
sections: Introduction, Materials and Methods, Results, Discussion and Conclusions, and References. Use the template
provided below to guide you through writing a lab report.

Metrics

No matter how highly developed our ability to observe, observations have scientific value only if they can be communicated
to others. This necessitates the use of the widely accepted system of metric measurements.

Without measurement, we would be limited to qualitative description. For precise and repeatable communication of
information, the agreed-upon system of measurement used by scientists is the metric system.

A major advantage of the metric system is that it is based on units of 10. This allows rapid conversion to workable
numbers so that neither very large nor very small figures need be used in calculations. Fractions or multiples of the standard
units of length, volume, mass, time, and temperature have been assigned specific names. Table G.1 above shows the
commonly used units of the metric system, along with the prefixes used to designate fractions and multiples thereof.

To change from smaller units to larger units, you must divide by the appropriate factor of 10 (because there are fewer of
the larger units). For example, a milliunit (milli 5 one thousandth), such as a millimeter, is one step smaller than a centiunit
(centi 5 one hundredth), such as a centimeter. Thus to change milliunits to centiunits, you must divide by 10. On the other
hand, when converting from larger units to smaller ones, you must multiply by the appropriate factor of 10. A partial scheme
for conversions between the metric units is shown below.

The objectives of the sections that follow are to provide a brief overview of the most-used measurements in science or
health professions and to help you gain some measure of confidence in dealing with them. (A listing of the most frequently
used conversion factors, for conversions between British and metric system units, is provided in Appendix A.)

Length Measurements
The metric unit of length is the meter (m). Smaller objects are measured in centimeters or millimeters. Subcellular structures
are measured in micrometers.

To help you picture these units of length, some equivalents follow:

One meter (m) is slightly longer than one yard (1 m 5 39.37 in.).

One centimeter (cm) is approximately the width of a piece of chalk. (Note: there are 2.54 cmin 1in.)

One millimeter (mm) is approximately the thickness of the wire of a paper clip or of a mark made by a No. 2 pencil lead.
One micrometer (mm) is extremely tiny and can be measured only microscopically.

Make the following conversions between metric units of length:
9. 12cm5 mm

10. 2000 mm 5 mm
Now, circle the answer that would make the most sense in each of the following statements:
11. A match (in a matchbook) is (0.3, 3, 30) cm long.

12. A standard-size American car is about 4 (mm, cm, m, km) long.

Volume Measurements



The metric unit of volume is the liter. A liter (I, or sometimes L, especially without a prefix) is slightly more than a quart (1L
5 1.057 quarts). Liquid volumes measured out for lab experiments are usually measured in milliliters (ml). (The terms ml and
cc, cubic centimeter, are used interchangeably in laboratory and medical settings.)

To help you visualize metric volumes, the equivalents of some common substances follow:
A 12-0z can of soda is just slightly more than 360 ml.
A fluid ounce is 30 ml (cc).

A teaspoon of vanilla is about 5 ml (cc)
Compute the following:

13. How many 5-ml injections can be prepared from 1 liter of a medicine?

14. A 450-ml volume of alcohol is L.

Mass Measurements
Although many people use the terms mass and weight interchangeably, this usage is inaccurate. Mass is the amount of matter
in an object; and an object has a constant mass, regardless of where it is—that is, on earth, or in outer space. However,
weight varies with gravitational pull; the greater the gravitational pull, the greater the weight. Thus, our astronauts are said to
be weightless* when in outer space, but they still have the same mass as they do on earth.

The metric unit of mass is the gram (g). Medical dosages are usually prescribed in milligrams (mg) or micrograms (mg);
and in the clinical agency, body weight (particularly of infants) is typically specified in kilograms (kg)
(1kg52.2Ib).

The following examples are provided to help you become familiar with the masses of some common objects:

Two aspirin tablets have a mass of approximately 1 g.
A nickel has a mass of 5 g.
The mass of an average woman (132 Ib) is 60 kg.

Make the following conversions:
15. 30095 mg5 mg
16. 4000 mg5 mg5 g

17. A nurse must administer to her patient, Mrs. Smith, 5 mg of a drug per kg of body mass. Mrs. Smith weighs 140 Ib. How
many grams of the drug should the nurse administer to her patient?

g

Temperature Measurements
In the laboratory and in the clinical agency, temperature is measured both in metric units (degrees Celsius, °C) and in British
units (degrees Fahrenheit, °F). Thus it helps to be familiar with both temperature scales.

The temperatures of boiling and freezing water can be used to compare the two scales:

The freezing point of water is 0°C and 32°F.

The boiling point of water is 100°C and 212°F.

As you can see, the range from the freezing point to the boiling point of water on the Celsius scale is 100 degrees, whereas
the comparable range on the Fahrenheit scale is 180 degrees. Hence, one degree on the Celsius scale represents a greater

change in temperature. Normal body temperature is approximately 98.6°F or 37°C.
To convert from the Celsius scale to the Fahrenheit scale, the following equation is used:

°C55(°F232)
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To convert from the Fahrenheit scale to the Celsius scale, the following equation is used:
°F59/5°C132

Perform the following temperature conversions:
18. Convert 38°C to °F:

19. Convert 158°F to °C: #  Getting Started_What to Expect, The Scientific Method, and Metrics#* Compare means to emphasize
the similarities between two things, whereas contrast means that the differences are to be emphasized.# Getting  Started_What to
Expect, The Scientific Method, and Metrics * Answers are given on page Xviii.

Getting Started_What to Expect, The Scientific Method, and Metrics¢tFigure G.1 Example of graphically presented
data. # Getting Started_What to Expect, The Scientific Method, and Metrics
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« State hypotheses clearly.

Materials and Methods

e List equipment or supplies needed.
* Provide step-by-step directions for conducting the experiment.

Results

* Present data using a drawing (figure), table, or graph.
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* Explain any uncontrolled variables or unexpected difficulties.
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» Cite the source of any material used to support this report. ~ Getting Started_What to Expect, The Scientific Method, and
Metrics#

Table G.1 Metric SystemA. Commonly used units B. Fractions and their multiples

Measurement Unit Fraction or multiple Prefix Symbol

Length Meter (m) 106 one million mega M

Volume Liter (L; | with prefix) 103 one thousand kilo k

Mass Gram (g) 1021 one tenth deci d

Time* Second (s) 1022 one hundredth centi c

Temperature Degree Celsius (°C) 1023 one thousandth milli m
1026 one millionth micro m
1029 one billionth nano n

* The accepted standard for time is the second; and thus hours and minutes are used in scientific, as well as everyday, measurement of time. The only
prefixes generally used are those indicating fractional portions of seconds—for example, millisecond and microsecond.

41000 410 4100
41000
microunit BNNNNNNA milliunit BNNNNNNNNA centiunit BNNNNNNNNA unit
BNNNNNNNNA kilounit
31000 310 3100 31000

smallestBNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNA largest# Getting Started_What to Expect, The
Scientific Method, and Metrics *
Astronauts are not really weightless. It is just that they and their surroundings are being pulled toward the earth at the same speed; and so,
in reference to their environment, they appear to float.

AnNnswers 1.range of 94-64 or 30 beats/min; mean 77.5

3800%

75%

160%

8

0.0005

10 breaths/min

8. interval between 100-102°
(went from 22 to 36 breaths/min)

9. 12cm 5120 mm
10. 2000 mm 52 mm
11. 3cmlong

12. 4mlong

No gk wDd

13. 200
14. 045L

15. 300 9g53310°mg533108mg
16. 4000 mg54 mg 54310 23 g (0.004g)




17. 0.32 g
18. 100.4°F
19. 70°C #
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exercise

The Language
of Anatomy

M ost of us are naturally curious about our bodies. This fact is amply demonstrated by infants, who are fascinated with their
own waving hands or their mother’s nose. Unlike the infant, however, the student of anatomy must learn to observe and
identify the dissectible body structures formally.

When beginning the study of any science, the student is often initially overcome by jargon unique to the subject. The
study of anatomy is no exception. But without this specialized terminology, confusion is inevitable. For example, what do
over, on top of, superficial to, above, and behind mean in reference to the human body? Anatomists have an accepted set of
reference terms that are universally understood. These allow body structures to be located and identified with a minimum of
words and a high degree of clarity.

This exercise presents some of the most important anatomical terminology used to describe the body and introduces you
to basic concepts of gross anatomy, the study of body structures visible to the naked eye.

Anatomical Position

When anatomists or doctors refer to specific areas of the human body, they do so in accordance with a universally accepted
standard position called the anatomical position. It is essential to understand this position because much of the body
terminology employed in this book refers to this body positioning, regardless of the position the body happens to be in. In the
anatomical position the human body is erect, with the feet only slightly apart, head and toes pointed forward, and arms
hanging at the sides with palms facing forward (Figure 1.1).

® Assume the anatomical position, and notice that it is not particularly comfortable. The hands are held unnaturally
forward rather than hanging partially cupped toward the thighs.

Surface Anatomy

Body surfaces provide a wealth of visible landmarks for study of the body (Figure 1.1).

Axial: relating to head, neck, and trunk, the axis of the body.
Appendicular: relating to limbs and their attachments to the axis.

Anterior Body Landmarks

Note the following regions in Figure 1.2a:

Abdominal: Pertaining to the anterior body trunk region inferior to the ribs.
Acromial: Pertaining to the point of the shoulder.
Antebrachial: Pertaining to the forearm.



Antecubital: Pertaining to the anterior surface of the elbow.
Axillary: Pertaining to the armpit

Brachial: Pertaining to the arm

Buccal: Pertaining to the cheek

Carpal: Pertaining to the wrist

Cervical: Pertaining to the neck region

Coxal: Pertaining to the hip

Crural: Pertaining to the leg

Digital: Pertaining to the fingers or toes

Femoral: Pertaining to the thigh

Frontal: Pertaining to the forehead

Hallux: Pertaining to the great toe

Inguinal: Pertaining to the groin

Mammary: Pertaining to the breast

Mental: Pertaining to the chin

Nasal: Pertaining to the nose

Oral: Pertaining to the mouth

Orbital: Pertaining to the bony eye socket (orbit)
Palmar: Pertaining to the palm of the hand
Patellar: Pertaining to the anterior knee (kneecap) region
Pedal: Pertaining to the foot

Pelvic: Pertaining to the pelvis region

Fibular (peroneal): Pertaining to the side of the leg
Pollex: Pertaining to the thumb

Pubic: Pertaining to the genital region

Sternal: Pertaining to the region of the breastbone
Tarsal: Pertaining to the ankle

Thoracic: Pertaining to the chest

Umbilical: Pertaining to the navel

Posterior Body Landmarks
Note the following body surface regions in Figure 1.2b:

Acromial: Pertaining to the point of the shoulder

Brachial: Pertaining to the arm

Calcaneal: Pertaining to the heel of the foot

Cephalic: Pertaining to the head

Dorsum: Pertaining to the back

Femoral: Pertaining to the thigh

Gluteal: Pertaining to the buttocks or rump

Lumbar: Pertaining to the area of the back between the ribs and hips; the loin
Manus: Pertaining to the hand

Occipital: Pertaining to the posterior aspect of the head or base of the skull



Olecranal: Pertaining to the posterior aspect of the elbow

Otic: Pertaining to the ear

Perineal: Pertaining to the region between the anus and external genitalia
Plantar: Pertaining to the sole of the foot

Popliteal: Pertaining to the back of the knee

Sacral: Pertaining to the region between the hips (overlying the sacrum)
Scapular: Pertaining to the scapula or shoulder blade area

Sural: Pertaining to the calf or posterior surface of the leg

Vertebral: Pertaining to the area of the spinal column

Activity 1:
Locating Body Regions

Locate the anterior and posterior body landmarks on yourself, your lab partner, and a human torso model before
continuing. n

Body Orientation
and Direction

Study the terms below, referring to Figure 1.3. Notice that certain terms have a different meaning for a four-legged animal
(quadruped) than they do for a human (biped).

Superior/inferior (above/below): These terms refer to placement of a structure along the long axis of the body. Superior
structures always appear above other structures, and inferior structures are always below other structures. For example, the
nose is superior to the mouth, and the abdomen is inferior to the chest.

Anterior/posterior (front/back): In humans the most anterior structures are those that are most forward—the face, chest, and
abdomen. Posterior structures are those toward the backside of the body. For instance, the spine is posterior to the heart.

Medial/lateral (toward the midline/away from the midline or median plane): The sternum (breastbone) is medial to the ribs;
the ear is lateral to the nose.

The terms of position described above assume the person is in the anatomical position. The next four term pairs are more
absolute. Their applicability is not relative to a particular body position, and they consistently have the same meaning in all
vertebrate animals.

Cephalad (cranial)/caudal (toward the head/toward the tail): In humans these terms are used interchangeably with superior
and inferior, but in four-legged animals they are synonymous with anterior and posterior, respectively.

Dorsal/ventral (backside/belly side): These terms are used chiefly in discussing the comparative anatomy of animals,
assuming the animal is standing. Dorsum is a Latin word meaning “back.” Thus, dorsal refers to the animal’s back or the
backside of any other structures; for example, the posterior surface of the human leg is its dorsal surface. The term ventral
derives from the Latin term venter, meaning “belly,” and always refers to the belly side of animals. In humans the terms
ventral and dorsal are used interchangeably with the terms anterior and posterior, but in four-legged animals ventral and
dorsal are synonymous with inferior and superior, respectively.

Proximal/distal (nearer the trunk or attached end/farther from the trunk or point of attachment): These terms are used
primarily to locate various areas of the body limbs. For example, the fingers are distal to the elbow; the knee is proximal to
the toes. However, these terms may also be used to indicate regions (closer to or farther from the head) of internal tubular
organs.



Superficial (external)/deep (internal) (toward or at the body surface/away from the body surface): These terms locate body
organs according to their relative closeness to the body surface. For example, the skin is superficial to the skeletal muscles,
and the lungs are deep to the rib cage.

Activity 2:
Practicing Using Correct
Anatomical Terminology

Before continuing, use a human torso model, a human skeleton, or your own body to specify the relationship between the
following structures when the body is in the anatomical position.

The wrist is to the hand.

The trachea (windpipe) is to the spine.
The brain is to the spinal cord.

The kidneys are to the liver.

The nose is to the cheekbones.

The thumb is to the ring finger.

The thorax is to the abdomen.

The skin is to the skeleton. n
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Body Planes and Sections

The body is three-dimensional; and, in order to observe its internal structures, it is often helpful and necessary to make use of
a section, or cut. When the section is made through the body wall or through an organ, it is made along an imaginary surface
or line called a plane. Anatomists commonly refer to three planes (Figure 1.4), or sections, that lie at right angles to one
another.

Sagittal plane: A plane that runs longitudinally and divides the body into right and left parts is referred to as a sagittal plane.
If it divides the body into equal parts, right down the median plane of the body, it is called a median, or midsagittal, plane.
All other sagittal planes are referred to as parasagittal planes.

Frontal plane: Sometimes called a coronal plane, the frontal plane is a longitudinal plane that divides the body (or an
organ) into anterior and posterior parts.

Transverse plane: A transverse plane runs horizontally, dividing the body into superior and inferior parts. When organs are
sectioned along the transverse plane, the sections are commonly called cross sections.

On microscope slides, the abbreviation for a longitudinal section (sagittal or frontal) is I.s. Cross sections are abbreviated
X.S. Or C.S.

As shown in Figure 1.5, a sagittal or frontal plane section of any nonspherical object, be it a banana or a body organ,
provides quite a different view than a transverse section. Parasagittal sections provide still different views.

Activity 3:
Observing Sectioned Specimens
1. Go to the demonstration area and observe the transversely and longitudinally cut organ specimens (kidneys). Pay close

attention to the different structural details in the samples because you will need to draw these views in the lab review (LR)
section.

2. After completing instruction 1, obtain a gelatin-spaghetti mold and a scalpel and bring them to your laboratory bench.
(Essentially, this is just cooked spaghetti added to warm gelatin, which is then allowed to gel.)



3. Cut through the gelatin-spaghetti mold along any plane, and examine the cut surfaces. You should see spaghetti strands
that have been cut transversely (x.s.), some cut longitudinally, and some cut obliquely.

4. Draw the appearance of each of these spaghetti sections below, and verify the accuracy of your section identifications
with your instructor.

Transverse cut Longitudinal cut Oblique cut n

Body Cavities

The axial portion of the body has two large cavities that provide different degrees of protection to the organs within them
(Figure 1.6).

Dorsal Body Cavity

The dorsal body cavity can be subdivided into the cranial cavity, in which the brain is enclosed within the rigid skull, and
the vertebral (or spinal) cavity, within which the delicate spinal cord is protected by the bony vertebral column. Because the
spinal cord is a continuation of the brain, these cavities are continuous with each other.

Ventral Body Cavity

Like the dorsal cavity, the ventral body cavity is subdivided. The superior thoracic cavity is separated from the rest of the
ventral cavity by the dome-shaped diaphragm. The heart and lungs, located in the thoracic cavity, are afforded some measure
of protection by the bony rib cage. The cavity inferior to the diaphragm is often referred to as the abdominopelvic cavity.
Although there is no further physical separation of the ventral cavity, some prefer to describe the abdominopelvic cavity in
terms of a superior abdominal cavity, the area that houses the stomach, intestines, liver, and other organs, and an inferior
pelvic cavity, the region that is partially enclosed by the bony pelvis and contains the reproductive organs, bladder, and
rectum. Notice in Figure 1.6 that the abdominal and pelvic cavities are not continuous with each other in a straight plane but
that the pelvic cavity is tipped away from the perpendicular.

Serous Membranes of the Ventral Body Cavity The walls of the ventral body cavity and the outer surfaces of the
organs it contains are covered with an exceedingly thin, double-layered membrane called the serosa, or serous membrane.
The part of the membrane lining the cavity walls is referred to as the parietal serosa, and it is continuous with a similar
membrane, the visceral serosa, covering the external surface of the organs within the cavity. These membranes produce a
thin lubricating fluid that allows the visceral organs to slide over one another or to rub against the body wall without friction.
Serous membranes also compartmentalize the various organs so that infection of one organ is prevented from spreading to
others.

The specific names of the serous membranes depend on the structures they envelop. Thus the serosa lining the
abdominal cavity and covering its organs is the peritoneum, that enclosing the lungs is the pleura, and that around the heart
is the pericardium (see Figure 8.1).

Abdominopelvic Quadrants and Regions Because the abdominopelvic cavity is quite large and contains many organs, it
is helpful to divide it up into smaller areas for discussion or study.

A scheme, used by most physicians and nurses, divides the abdominal surface (and the abdominopelvic cavity deep to it)
into four approximately equal regions called quadrants. These quadrants are named according to their relative position—
that is, right upper quadrant, right lower quadrant, left upper quadrant, and left lower quadrant (see Figure 1.7a). Note that
the terms left and right refer to the left and right of the figure, not your own. The left and right of the figure are referred to as
anatomical left and right.



Activity 4:

Identifying Organs in the
Abdominopelvic Cavity

Examine the human torso model to respond to the following questions.
Name two organs found in the left upper quadrant.

and

Name two organs found in the right lower quadrant.

and

What organ (Figure 1.7a) is sectioned sagittally by the median
plane line? n

A different scheme commonly used by anatomists divides the abdominal surface and abdominopelvic cavity into nine
separate regions by four planes, as shown in Figure 1.7b. Although the names of these nine regions are unfamiliar to you
now, with a little patience and study they will become easier to remember. As you read through the descriptions of these nine
regions and locate them in Figure 1.7b, also look at Figure 1.7¢ to note the organs the regions contain.

Umbilical region: The centermost region, which includes the umbilicus

Epigastric region: Immediately superior to the umbilical region; overlies most of the stomach
Hypogastric (pubic) region: Immediately inferior to the umbilical region; encompasses the pubic area
lliac (inguinal) regions: Lateral to the hypogastric region and overlying the superior parts of the hip bones
Lumbar regions: Between the ribs and the flaring portions of the hip bones; lateral to the umbilical region
Hypochondriac regions: Flanking the epigastric region laterally and overlying the lower ribs

Activity 5:
Locating Abdominal Surface Regions

Locate the regions of the abdominal surface on a human torso model and on yourself before continuing. n

Other Body Cavities

Besides the large, closed body cavities, there are several types of smaller body cavities (Figure 1.8). Many of these are in the
head, and most open to the body exterior.

Oral cavity: The oral cavity, commonly called the mouth, contains the tongue and teeth. It is continuous with the rest of the
digestive tube, which opens to the exterior at the anus.

Nasal cavity: Located within and posterior to the nose, the nasal cavity is part of the passages of the respiratory system.
Orbital cavities: The orbital cavities (orbits) in the skull house the eyes and present them in an anterior position.

Middle ear cavities: Each middle ear cavity lies just medial to an ear drum and is carved into the bony skull. These cavities
contain tiny bones that transmit sound vibrations to the organ of hearing in the inner ears.

Synovial (s"™-no've-al) cavities: Synovial cavities are joint cavities—they are enclosed within fibrous capsules that surround
the freely movable joints of the body, such as those between the vertebrae and the knee and hip joints. Like the serous
membranes of the ventral body cavity, membranes lining the synovial cavities secrete a lubricating fluid that reduces friction
as the enclosed structures move across one another.

Objectives
1. To describe the anatomical position verbally or by demonstration, and to explain its importance.
2. To use proper anatomical terminology to describe body directions, planes, and surfaces.



3. To name the body cavities and indicate the important organs in each.

Materials
Human torso model (dissectible)
Human skeleton

Demonstration: sectioned and labeled kidneys [three separate kidneys uncut or cut so that (a) entire, (b)
transverse sectional, and (c) longitudinal sectional views are visible]

Gelatin-spaghetti molds
Scalpel

See Appendix B, Exercise 1 for links to A.D.A.M.® Interactive Anatomy.aia## Exercise 1
Figure 1.1 Anatomical position. The Language of Anatomy#
Fi gure 1.2 Surface anatomy. (a) Anterior body landmarks. (b) Posterior body landmarks.# Exercise 1

Figure 1.3 Anatomical terminology describing body orientation and direction. (a) With reference to a human. (b)
With reference to a four-legged animal. The Language of Anatomy#

Figure 1.4 Planes of the body.# Exercise 1

Figure 1.5 Objects can look odd when viewed in section. This banana has been sectioned in three different planes (a=c),
and only in one of these planes (b) is it easily recognized as a banana. In order to recognize human organs in section, one must anticipate
how the organs will look when cut that way. If one cannot recognize a sectioned organ, it is possible to reconstruct its shape from a series
of successive cuts, as from the three serial sections in (c). The Language of Anatomy#

Figure 1.6 Body cavities and their subdivisions.#  Exercise 1

Figure 1.7 Abdominopelvic surface and cavity. (a) The four quadrants, showing superficial organs in each quadrant. (b)
Nine regions delineated by four planes. The superior horizontal plane is just inferior to the ribs; the inferior horizontal plane is at the
superior aspect of the hip bones. The vertical planes are just medial to the nipples. (c) Anterior view of the abdominopelvic cavity showing
superficial organs. The Language of Anatomy#

Figu re 1.8 Other body cavities. The oral, nasal, orbital, and middle ear cavities are located in the head and open to the body
exterior. Synovial cavities are found in joints between many bones such as the vertebrae of the spine, and at the knee, shoulder, and hip.



Organ Systems Overview
Objectives

1. To name the human organ systems and indicate the major functions of each.

2. To list two or three organs of each system and categorize the various organs by organ system.

3. To identify these organs in a dissected rat or human cadaver or on a dissectible human torso model.
4

. To identify the correct organ system for each organ when presented with a list of organs (as studied in the
laboratory).

Materials

q Freshly killed or preserved rat [predissected by instructor as a demonstration or for student dissection (one rat
for every two to four students)] or predissected human cadaver

Dissection trays

Twine or large dissecting pins
Scissors

Probes

Forceps

Disposable gloves

Human torso model (dissectible)T he basic unit or building block of all living things is the cell. Cells fall into four
different categories according to their structures and functions. Each of these corresponds to one of the four tissue types:
epithelial, muscular, nervous, and connective. A tissue is a group of cells that are similar in structure and function. An
organ is a structure composed of two or more tissue types that performs a specific function for the body. For example,
the small intestine, which digests and absorbs nutrients, is composed of all four tissue types.
An organ system is a group of organs that act together to perform a particular body function. For example, the organs of
the digestive system work together to break down foods moving through the digestive system and absorb the end products
into the bloodstream to provide nutrients and fuel for all the body’s cells. In all, there are 11 organ systems, which are
described in Table 2.1. The lymphatic system also encompasses a functional system called the immune system, which is
composed of an army of mobile cells that act to protect the body from foreign substances.

Read through this summary of the body’s organ systems before beginning your rat dissection or examination of the
predissected human cadaver. If a human cadaver is not available, Figures 2.3 through 2.6 will serve as a partial replacement.
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Dissection and
Identification:

The Organ Systems of the Rat

Many of the external and internal structures of the rat are quite similar in structure and function to those of the human, so a
study of the gross anatomy of the rat should help you understand our own physical structure. The following instructions
complement and direct your dissection and observation of a rat, but the descriptions for organ observations in Activity 4
(“Examining the Ventral Body Cavity,” which begins on page 13) also apply to superficial observations of a previously
dissected human cadaver. In addition, the general instructions for observing external structures can easily be extrapolated to
serve human cadaver observations. The photographs in Figures 2.3 to 2.5 will provide visual aids.

Note that four of the organ systems listed in Table 2.1 will not be studied at this time (integumentary, skeletal, muscular,
and nervous), as they require microscopic study or more detailed dissection.

Activity 1:
Observing External Structures

1. If your instructor has provided a predissected rat, go to the demonstration area to make your observations. Alternatively,
if you and/or members of your group will be dissecting the specimen, obtain a preserved or freshly killed rat (one for every



two to four students), a dissecting tray, dissecting pins or twine, scissors, probe, forceps, and disposable gloves, and bring
them to your laboratory bench.

If a predissected human cadaver is available, obtain a probe, forceps, and disposable gloves before going to the
demonstration area.

2. Don the gloves before beginning your observations. This precaution is particularly important when handling
freshly killed animals, which may harbor internal parasites.

Text continues on page 12

3. Observe the major divisions of the body—head, trunk, and extremities. If you are examining a rat, compare these
divisions to those of humans. n

Activity 2:
Examining the Oral Cavity

Examine the structures of the oral cavity. Identify the teeth and tongue. Observe the extent of the hard palate (the portion
underlain by bone) and the soft palate (immediately posterior to the hard palate, with no bony support). Notice that the
posterior end of the oral cavity leads into the throat, or pharynx, a passageway used by both the digestive and respiratory
systems. n

Activity 3:
Opening the Ventral Body Cavity

1. Pin the animal to the wax of the dissecting tray by placing its dorsal side down and securing its extremities to the wax
with large dissecting pins as shown in Figure 2.1a.

If the dissecting tray is not waxed, you will need to secure the animal with twine as follows. (Some may prefer this
method in any case.) Obtain the roll of twine. Make a loop knot around one upper limb, pass the twine under the tray, and
secure the opposing limb. Repeat for the lower extremities.

2. Lift the abdominal skin with a forceps, and cut through it with the scissors (Figure 2.1b). Close the scissor blades and
insert them flat under the cut skin. Moving in a cephalad direction, open and close the blades to loosen the skin from the
underlying connective tissue and muscle. Once this skin-freeing procedure has been completed, cut the skin along the body
midline, from the pubic region to the lower jaw (Figure 2.1c). Make a lateral cut about halfway down the ventral surface of
each limb. Complete the job of freeing the skin with the scissor tips, and pin the flaps to the tray (Figure 2.1d). The
underlying tissue that is now exposed is the skeletal musculature of the body wall and limbs. It allows voluntary body
movement. Notice that the muscles are packaged in sheets of pearly white connective tissue (fascia), which protect the
muscles and bind them together.

3. Carefully cut through the muscles of the abdominal wall in the pubic region, avoiding the underlying organs. Remember,
to dissect means “to separate”—not mutilate! Now, hold and lift the muscle layer with a forceps and cut through the muscle
layer from the pubic region to the bottom of the rib cage. Make two lateral cuts through the rib cage (Figure 2.2). A thin
membrane attached to the inferior boundary of the rib cage should be obvious; this is the diaphragm, which separates the
thoracic and abdominal cavities. Cut the diaphragm where it attaches to the ventral ribs to loosen the rib cage. You can now
lift the ribs to view the contents of the thoracic cavity. n

Activity 4:
Examining the Ventral Body Cavity
1. Starting with the most superficial structures and working deeper, examine the structures of the thoracic cavity. Refer to

Figure 2.3, which shows the superficial organs, as you work. Choose the appropriate view depending on whether you are
examining a rat (a) or a human cadaver (b).

Thymus: An irregular mass of glandular tissue overlying the heart (not illustrated in the human cadaver photograph).
With the probe, push the thymus to the side to view the heart.
Heart: Medial oval structure enclosed within the pericardium (serous membrane sac).



Lungs: Flanking the heart on either side.
Now observe the throat region to identify the trachea.
Trachea: Tubelike “windpipe” running medially down the throat; part of the respiratory system.

Follow the trachea into the thoracic cavity; notice where it
divides into two branches. These are the bronchi.

Bronchi: Two passageways that plunge laterally into the tissue of the two lungs.

To expose the esophagus, push the trachea to one side.

Esophagus: A food chute; the part of the digestive system that transports food from the pharynx (throat) to the stomach.
Diaphragm: A thin muscle attached to the inferior boundary of the rib cage; separates the thoracic and abdominal cavities.
Follow the esophagus through the diaphragm to its junction with the stomach.

Stomach: A curved organ important in food digestion and temporary food storage.

2. Examine the superficial structures of the abdominopelvic
cavity. Lift the greater omentum, an extension of the peritoneum
that covers the abdominal viscera. Continuing from the stomach,
trace the rest of the digestive tract (Figure 2.4).

Small intestine: Connected to the stomach and ending just before the saclike cecum.

Large intestine: A large muscular tube connected to the small intestine and ending at the anus.

Cecum: The initial portion of the large intestine.

Follow the course of the large intestine to the rectum, which is partially covered by the urinary bladder (Figure 2.4).
Rectum: Terminal part of the large intestine; continuous with the anal canal (not visible in this dissection).

Anus: The opening of the digestive tract (through the anal canal) to the exterior.

Now lift the small intestine with the forceps to view the mesentery.

Mesentery: An apronlike serous membrane; suspends many of the digestive organs in the abdominal cavity. Notice that it is
heavily invested with blood vessels and, more likely than not, riddled with large fat deposits.

Locate the remaining abdominal structures.

Pancreas: A diffuse gland; rests dorsal to and in the mesentery between the first portion of the small intestine and the
stomach. You will need to lift the stomach to view the pancreas.

Spleen: A dark red organ curving around the left lateral side of the stomach; considered part of the lymphatic system and
often called the red blood cell graveyard.

Liver: Large and brownish red; the most superior organ in the abdominal cavity, directly beneath the diaphragm.

3. To locate the deeper structures of the abdominopelvic cavity, move the stomach and the intestines to one side with the
probe.
Examine the posterior wall of the abdominal cavity to locate the two kidneys (Figure 2.5).

Kidneys: Bean-shaped organs; retroperitoneal (behind the peritoneum).

Adrenal glands: Large endocrine glands that sit astride the superior margin of each kidney; considered part of the endocrine
system.

Carefully strip away part of the peritoneum with forceps and attempt to follow the course of one of the ureters to the bladder.
Ureter: Tube running from the indented region of a kidney to the urinary bladder.

Urinary bladder: The sac that serves as a reservoir for urine.

4. In the midline of the body cavity lying between the kidneys are the two principal abdominal blood vessels. Identify each.
Inferior vena cava: The large vein that returns blood to the heart from the lower regions of the body.

Descending aorta: Deep to the inferior vena cava; the largest artery of the body; carries blood away from the heart down the
midline of the body.



5. Only a cursory examination of reproductive organs will be done. If you are working with a rat, first determine if
the animal is a male or female. Observe the ventral body surface beneath the tail. If a saclike scrotum and an opening for the
anus are visible, the animal is a male. If three body openings—urethral, vaginal, and anal—are present, it is a female.

Male Animal Make a shallow incision into the scrotum. Loosen and lift out one oval testis. Exert a gentle pull on the
testis to identify the slender ductus deferens, or vas deferens, which carries sperm from the testis superiorly into the
abdominal cavity and joins with the urethra. The urethra runs through the penis of the male and carries both urine and sperm
out of the body. Identify the penis, extending from the bladder to the ventral body wall. Figure 2.5b indicates other glands of
the male rat’s reproductive system, but they need not be identified at this time.

Female Animal Inspect the pelvic cavity to identify the

Y-shaped uterus lying against the dorsal body wall and beneath the bladder (Figure 2.5c¢). Follow one of the uterine horns
superiorly to identify an ovary, a small oval structure at the end of the uterine horn. (The rat uterus is quite different from the
uterus of a human female, which is a single-chambered organ about the size and shape of a pear.) The inferior undivided part
of the rat uterus is continuous with the vagina, which leads to the body exterior. Identify the vaginal orifice (external
vaginal opening).

If you are working with a human cadaver, proceed as indicated next.

Male Cadaver Make a shallow incision into the scrotum (Figure 2.6a). Loosen and lift out the oval testis. Exert a gentle
pull on the testis to identify the slender ductus (vas) deferens, which carries sperm from the testis superiorly into the
abdominal cavity and joins with the urethra (Figure 2.6b). The urethra runs through the penis of the male and carries both
urine and sperm out of the body. Identify the penis, extending from the bladder to the ventral body wall.

Female Cadaver Inspect the pelvic cavity to identify the pear-shaped uterus lying against the dorsal body wall and
beneath the bladder. Follow one of the uterine tubes superiorly to identify an ovary, a small oval structure at the end of the
uterine tube (Figure 2.6¢). The inferior part of the uterus is continuous with the vagina, which leads to the body exterior.
Identify the vaginal orifice (external vaginal opening).

6. When you have finished your observations, rewrap or store the dissection animal or cadaver according to your
instructor’s directions. Wash the dissecting tools and equipment with laboratory detergent. Dispose of the gloves. Then wash
and dry your hands before continuing with the examination of the human torso model. n

Activity 5:
Examining the Human Torso Model

1. Examine a human torso model to identify the organs listed on p.19. If a torso model is not available, Figure 2.7 may be
used for this part of the exercise. Some model organs will have to be removed to see the deeper organs.

2. ldentify, by labeling each organ supplied with a leader line in figure 2.7.

3. Place each of the organs listed above in the correct body cavity or cavities. In the case of organs found in the
abdominopelvic cavity, also indicate which region of the abdominal surfaces they underlie using the clinical scheme.



Dorsal body cavity

Thoracic cavity

Abdominopelvic cavity

4. Determine which organs are found in each abdominopelvic region and record below.
Umbilical region:

Epigastric region:

Hypogastric region:

Right iliac region:

Left iliac region:

Right lumbar region:

Left lumbar region:

Right hypochondriac region:

Left hypochondriac region:

Now, assign each of the organs just identified to one of the organ system categories
listed below.

Digestive:

Urinary:

Cardiovascular:

Endocrine:




Reproductive:

Respiratory:

Lymphatic/Immunity:

Nervous:
n# Organ Systems Overview#
Table 2.1  Overview of Organ Systems of the BodyOrgan system Major component organs

FunctionIntegumentary (Skin)

Skeletal

Muscular

Nervous

Endocrine

Cardiovascular

Lymphatic/
Immunity

Respiratory



Digestive

Urinary

ReproductiveEpidermal and dermal regions; cutaneous sense organs and glands

Bones, cartilages, tendons, ligaments, and joints

Muscles attached to the skeleton

Brain, spinal cord, nerves, and sensory receptors

Pituitary, thymus, thyroid, parathyroid, adrenal, and pineal glands; ovaries, testes, and pancreas

Heart, blood vessels, and blood

Lymphatic vessels, lymph nodes, spleen, thymus, tonsils, and scattered collections of lymphoid tissue

Nasal passages, pharynx, larynx, trachea, bronchi, and lungs

Oral cavity, esophagus, stomach, small and large intestines, and accessory structures (teeth, salivary glands, liver, and pancreas)

Kidneys, ureters, bladder, and urethra

Male: testes, prostate gland, scro-tum, penis, and duct system, which carries sperm to the body exterior

Female: ovaries, uterine tubes, uterus, mammary glands, and vaginae Protects deeper organs from mechanical, chemical, and bacterial
injury, and desiccation (drying out)

Excretes salts and urea
Aids in regulation of body temperature
Produces vitamin D

Body support and protection of internal organs
Provides levers for muscular action
Cavities provide a site for blood cell formation

Primary function is to contract or shorten; in doing so, skeletal muscles allow locomotion (running, walking, etc.), grasping and

manipulation of the environment, and facial expression

Generates heat



< Allows body to detect changes in its internal and external environment and to respond to such information by activating appropriate
muscles or glands
« Helps maintain homeostasis of the body via rapid transmission of electrical signals

¢ Helps maintain body homeostasis, promotes growth and development; produces chemical “messengers” (hormones) that travel in the
blood to exert their effect(s) on various “target organs” of the body

< Primarily a transport system that carries blood containing oxygen, carbon dioxide, nutrients, wastes, ions, hormones, and other
substances to and from the tissue cells where exchanges are made; blood is propelled through the blood vessels by the pumping action of
the heart

< Antibodies and other protein molecules in the blood act to protect the body

« Picks up fluid leaked from the blood vessels and returns it to the blood
¢ Cleanses blood of pathogens and other debris
» Houses lymphocytes that act via the immune response to protect the body from foreign substances (antigens)

« Keeps the blood continuously supplied with oxygen while removing carbon dioxide
« Contributes to the acid-base balance of the blood via its carbonic acid-bicarbonate buffer system.

« Breaks down ingested foods to minute particles, which can be absorbed into the blood for delivery to the body cells
« Undigested residue removed from the body as feces

« Rids the body of nitrogen-containing wastes (urea, uric acid, and ammonia), which result from the breakdown of proteins and nucleic
acids by body cells
¢ Maintains water, electrolyte, and acid-base balance of blood

¢ Provides germ cells (sperm) for perpetuation of the species

« Provides germ cells (eggs); the female uterus houses the developing fetus until birth; mammary glands provide nutrition for the infant#
Exercise 2(a)(b)(c)(d)

Figure 2.1 Ratdissection: Securing for dissection and the initial incision. (a) Securing the rat to the dissection tray with
dissecting pins. (b) Using scissors to make the incision on the median line of the abdominal region. (c) Completed incision from the pelvic
region to the lower jaw. (d) Reflection (folding back) of the skin to expose the underlying muscles. Organ Systems Overview#

Figure 2.2 Rat dissection: Making lateral cuts at the base of the rib cage.#  Exercise 2

Figure 2.3 Superficial organs of the thoracic cavity. (a) Dissected rat. (b) Human cadaver. ~ Organ Systems Overview#

Figure 2.4 Abdominal organs. (a) Dissected rat, superficial view. (b) Human cadaver, superficial view. (c) Human cadaver,

intermediate view. Stomach reflected superiorly to reveal the pancreas, spleen, and duodenum.#  Exercise 2F i gure 2.5 Deep
structures of the abdominopelvic cavity. (a) Human cadaver. Organ Systems Overview#

Fi gure 2.5 (CO ntinu ed) (b) Dissected male rat. (Some reproductive structures also shown.) (c) Dissected female rat. (Some
reproductive structures also shown.)# Exercise 2

Figure 2.6 Human reproductive organs. (a) Male external genitalia. (b) Sagittal section of the male pelvis.
(c) Sagittal section of the female pelvis.Organ Systems Overview#



Figure 2.7 Human torso model.Adrenal gland
Aortic arch

Brain

Bronchi
Descending aorta
Diaphragm
Esophagus

Heart

Inferior vena cava
Kidneys

Large intestine
Liver

Lungs

Pancreas

Rectum

Small intestine
Spinal cord
Spleen

Stomach

Trachea

Ureters

Urinary bladder# Exercise 2



exercise

The Microscope

W ith the invention of the microscope, biologists gained a valuable tool to observe and study structures (like cells) that are
too small to be seen by the unaided eye. The information gained helped in establishing many of the theories basic to the
understanding of biological sciences. This exercise will familiarize you with the workhorse of microscopes—the compound
microscope—and provide you with the necessary instructions for its proper use.

Care and Structure of the Compound Microscope

The compound microscope is a precision instrument and should always be handled with care. At all times you must observe
the following rules for its transport, cleaning, use, and storage:

® When transporting the microscope, hold it in an upright position with one hand on its arm and the other supporting its
base. Avoid swinging the instrument during its transport and jarring the instrument when setting it down.

® Use only special grit-free lens paper to clean the lenses. Use a circular motion to wipe the lenses, and clean all lenses
before and after use.

® Always begin the focusing process with the lowest-power objective lens in position, changing to the higher-power
lenses as necessary.

®  Use the coarse adjustment knob only with the lowest power lens.
®  Always use a coverslip with temporary (wet mount) preparations.

® Before putting the microscope in the storage cabinet, remove the slide from the stage, rotate the lowest-power objective
lens into position, wrap the card neatly around the base, and replace the dust cover or return the microscope to the
appropriate storage area.

® Never remove any parts from the microscope; inform your instructor of any mechanical problems that arise.

Activity 1:
Identifying the Parts of a Microscope

1. Obtain a microscope and bring it to the laboratory bench. (Use the proper transport technique!)

® Record the number of your microscope in the summary chart on page 24.

Compare your microscope with the illustration in Figure 3.1 and identify the following microscope parts:

Base: Supports the microscope. (Note: Some microscopes are provided with an inclination joint, which allows the
instrument to be tilted backward for viewing dry preparations.)



Substage light or mirror: Located in the base. In microscopes with a substage light source, the light passes directly upward
through the microscope: light controls are located on the microscope base. If a mirror is used, light must be reflected from a
separate free-standing lamp.

Stage: The platform the slide rests on while being viewed. The stage has a hole in it to permit light to pass through both it
and the specimen. Some microscopes have a stage equipped with spring clips; others have a clamp-type mechanical stage as
shown in Figure 3.1. Both hold the slide in position for viewing; in addition, the mechanical stage has two adjustable knobs
that control precise movement of the specimen.

Condenser: Small substage lens that concentrates the light on the specimen. The condenser may have a height-adjustment
knob that raises and lowers the condenser to vary light delivery. Generally, the best position for the condenser is close to the
inferior surface of the stage.

Iris diaphragm lever: Arm attached to the base of the condenser that regulates the amount of light passing through the
condenser. The iris diaphragm permits the best possible contrast when viewing the specimen.

Coarse adjustment knob: Used to focus on the specimen.
Fine adjustment knob: Used for precise focusing once coarse focusing has been completed.

Head or body tube: Supports the objective lens system (which is mounted on a movable nosepiece) and the ocular lens or
lenses.

Arm: Vertical portion of the microscope connecting the base and head.

Ocular (or eyepiece): Depending on the microscope, there are one or two lenses at the superior end of the head or body tube.
Observations are made through the ocular(s). An ocular lens has a magnification of 103. (It increases the apparent size of the
object by ten times or ten diameters). If your microscope has a pointer (used to indicate a specific area of the viewed
specimen), it is attached to one ocular and can be positioned by rotating the ocular lens.

Nosepiece: Rotating mechanism at the base of the head. Generally carries three or four objective lenses and permits
sequential positioning of these lenses over the light beam passing through the hole in the stage. Use the nosepiece to change
the objective lenses. Do not directly grab the lenses.

Objective lenses: Adjustable lens system that permits the use of a scanning lens, a low-power lens, a high-power lens, or
an oil immersion lens. The objective lenses have different magnifying and resolving powers.

2. Examine the objective lenses carefully; note their relative lengths and the numbers inscribed on their sides. On many
microscopes, the scanning lens, with a magnification between 43 and 53, is the shortest lens. If there is no scanning lens, the
low-power objective lens is the shortest and typically has a magnification of 103. The high-power objective lens is of
intermediate length and has a magnification range from 403 to 503, depending on the microscope. The oil immersion
objective lens is usually the longest of the objective lenses and has a magnifying power of 953 to 1003. Some microscopes
lack the oil immersion lens.

® Record the magnification of each objective lens of your microscope in the first row of the chart on page 24. Also, cross
out the column relating to a lens that your microscope does not have. Plan on using the same microscope for all microscopic
studies.

3. Rotate the lowest-power objective lens until it clicks into position, and turn the coarse adjustment knob about 180
degrees. Notice how far the stage (or objective lens) travels during this adjustment. Move the fine adjustment knob 180
degrees, noting again the distance that the stage (or the objective lens) moves. n

Magnification and Resolution

The microscope is an instrument of magnification. In the compound microscope, magnification is achieved through the
interplay of two lenses—the ocular lens and the objective lens. The objective lens magnifies the specimen to produce a real
image that is projected to the ocular. This real image is magnified by the ocular lens to produce the virtual image seen by
your eye (Figure 3.2).

The total magnification (TM) of any specimen being viewed is equal to the power of the ocular lens multiplied by the
power of the objective lens used. For example, if the ocular lens magnifies 103 and the objective lens being used magnifies
453, the total magnification is 4503 (or 10 3 45).

® Determine the total magnification you may achieve with each of the objectives on your microscope, and record the
figures on the second row of the chart.



The compound light microscope has certain limitations. Although the level of magnification is almost limitless, the
resolution (or resolving power), that is, the ability to discriminate two close objects as separate, is not. The human eye can
resolve objects about 100 mm apart, but the compound microscope has a resolution of 0.2 mm under ideal conditions.
Obijects closer than 0.2 mm are seen as a single fused image.

Resolving power is determined by the amount and physical properties of the visible light that enters the microscope. In
general, the more light delivered to the objective lens, the greater the resolution. The size of the objective lens aperture
(opening) decreases with increasing magnification, allowing less light to enter the objective. Thus, you will probably find it
necessary to increase the light intensity at the higher magnifications.

Activity 2:
Viewing Objects Through
the Microscope

1. Obtain a millimeter ruler, a prepared slide of the letter e or newsprint, a dropper bottle of immersion oil, and some lens
paper. Adjust the condenser to its highest position and switch on the light source of your microscope. (If the light source is
not built into the base, use the curved surface of the mirror to reflect the light up into the microscope.)

2. Secure the slide on the stage so that you can read the slide label and the letter e is centered over the light beam passing
through the stage. If you are using a microscope with spring clips, make sure the slide is secured at both ends. If your
microscope has a mechanical stage, open the jaws of its slide retainer (holder) by using the control lever (typically) located at
the rear left corner of the mechanical stage. Insert the slide squarely within the confines of the slide retainer. Check to see
that the slide is resting on the stage (and not on the mechanical stage frame) before releasing the control lever.

3. With your lowest-power (scanning or low-power) objective lens in position over the stage, use the coarse adjustment
knob to bring the objective lens and stage as close together as possible.

4. Look through the ocular lens and adjust the light for comfort using the iris diaphragm. Now use the coarse adjustment
knob to focus slowly away from the e until it is as clearly focused as possible. Complete the focusing with the fine
adjustment knob.

5. Sketch the letter e in the circle on the summary chart above just as it appears in the field (the area you see through the
microscope).

What is the total magnification? 3
How far is the bottom of the objective lens from the specimen? In other words, what is the working distance? Use a
millimeter ruler to make this measurement.

mm

Record the TM detail observed and the working distance in the summary chart.
How has the apparent orientation of the e changed top to bottom, right to left, and so on?

6. Move the slide slowly away from you on the stage as you view it through the ocular lens. In what direction does the
image move?

Move the slide to the left. In what direction does the image move?




At first this change in orientation may confuse you, but with practice you will learn to move the slide in the desired direction
with no problem.

7. Today most good laboratory microscopes are parfocal; that is, the slide should be in focus (or nearly so) at the higher
magnifications once you have properly focused. Without touching the focusing knobs, increase the magnification by rotating
the next higher magnification lens (low-power or high-power) into position over the stage. Make sure it clicks into position.
Using the fine adjustment only, sharpen the focus.* Note the decrease in working distance. As you can see, focusing with the
coarse adjustment knob could drive the objective lens through the slide, breaking the slide and possibly damaging the lens.
Sketch the letter e in the summary chart (page 24). What new details become clear?

What is the total magnification now? 3
Record the TM, detail observed, and working distance in the summary chart.

As best you can, measure the distance between the objective and the slide (the working distance), and record it on the chart
(page 24).

Is the image larger or smaller?

Approximately how much of the letter e is visible now?

Is the field larger or smaller?

Why is it necessary to center your object (or the portion of the slide you wish to view) before changing to a higher power?

Move the iris diaphragm lever while observing the field. What happens?

Is it more desirable to increase or decrease the light when changing to a higher magnification?

Why?

8. If you have just been using the low-power objective, repeat the steps given in direction 7 using the high-power objective
lens.

Record the TM, detail observed, and working distance in the summary chart (page 24).

9. Without touching the focusing knob, rotate the high-power lens out of position so that the area of the slide over the
opening in the stage is unobstructed. Place a drop of immersion oil over the e on the slide and rotate the oil immersion lens
into position. Set the condenser at its highest point (closest to the stage), and open the diaphragm fully. Adjust the fine focus
and fine-tune the light for the best possible resolution.

Note: If for some reason the specimen does not come into view after adjusting the fine focus, do not go back to the 403 lens
to recenter. You do not want oil from the oil immersion lens to cloud the 403 lens. Turn the revolving nosepiece in the other



direction to the low-power lens and recenter and refocus the object. Then move the immersion lens back into position, again
avoiding the 403 lens.

Is the field again decreased in size?
What is the total magnification with the oil immersion lens?
3

Is the working distance less or greater than it was when the high-power lens was focused?

Compare your observations on the relative working distances of the objective lenses with the illustration in Figure 3.3.
Explain why it is desirable to begin the focusing process in the lowest power.

10. Rotate the oil immersion lens slightly to the side and remove the slide. Clean the oil immersion lens carefully with lens
paper, and then clean the slide in the same manner with a fresh piece of lens paper. n

The Microscope Field

By this time you should know that the size of the microscope field decreases with increasing magnification. For future
microscope work, it will be useful to determine the diameter of each of the microscope fields. This information will allow
you to make a fairly accurate estimate of the size of the objects you view in any field. For example, if you have calculated the
field diameter to be 4 mm and the object being observed extends across half this diameter, you can estimate the length of the
object to be approximately 2 mm.

Microscopic specimens are usually measured in micrometers and millimeters, both units of the metric system. You can
get an idea of the relationship and meaning of these units from Table 3.1. A more detailed treatment appears in Appendix A.

Activity 3:
Estimating the Diameter
of the Microscope Field

1. Obtain a grid slide (a slide prepared with graph paper ruled in millimeters). Each of the squares in the grid is 1 mm on
each side. Use your lowest-power objective to bring the grid lines into focus.

2. Move the slide so that one grid line touches the edge of the field on one side, and then count the number of squares you
can see across the diameter of the field. If you can see only part of a square, as in the accompanying diagram, estimate the
part of a millimeter that the partial square represents.

Record this figure in the appropriate space marked “field size” on the summary chart (page 24). (If you have been using the
scanning lens, repeat the procedure with the low-power objective lens.)

Complete the chart by computing the approximate diameter of the high-power and oil immersion fields. The general
formula for calculating the unknown field diameter is:

Diameter of field A3 total magnification of field A5
diameter of field B3 total magnification of field B



where A represents the known or measured field and B represents the unknown field. This can be simplified to
Diameter of field B 5

diameter of field A3 total magnification of field A

total magnification of field B

For example, if the diameter of the low-power field (field A) is 2 mm and the total magnification is 503, you would compute
the diameter of the high-power field (field B) with a total magnification of 1003 as follows:

Field diameter B 5 (2 mm 3 50)/100
Field diameter B5 1 mm

3. Estimate the length (longest dimension) of the following microscopic objects. Base your calculations on the field sizes
you have determined for your microscope.

a. Object seen in low-power field:
approximate length:

mm

b. Object seen in high-power field:
approximate length:

mm

or mm

c. Object seen in oil immersion field:
approximate length:

mm

4. If an object viewed with the oil immersion lens looked as it does in the field depicted just below, could you determine its
approximate size from this view?

If not, then how could you determine it?




Perceiving Depth

Any microscopic specimen has depth as well as length and width; it is rare indeed to view a tissue slide with just one layer of
cells. Normally you can see two or three cell thicknesses. Therefore, it is important to learn how to determine relative depth
with your microscope. In microscope work the depth of field (the depth of the specimen clearly in focus) is greater at lower
magnifications.

Activity 4:
Perceiving Depth

1. Obtain a slide with colored crossed threads. Focusing at low magnification, locate the point where the three threads cross
each other.

2. Use the iris diaphragm lever to greatly reduce the light, thus increasing the contrast. Focus down with the coarse
adjustment until the threads are out of focus, then slowly focus upward again, noting which thread comes into clear focus
first. (You will see two or even all three threads, so you must be very careful in determining which one first comes into clear
focus.) Observe: As you rotate the adjustment knob forward (away from you), does the stage rise or fall? If the stage rises,
then the first clearly focused thread is the top one; the last clearly focused thread is the bottom one.

If the stage falls, how is the order affected?

Record your observations, relative to which color of thread is uppermost, middle, or lowest:
Top thread
Middle thread

Bottom thread n

Viewing Cells Under
the Microscope

There are various ways to prepare cells for viewing under a microscope. Cells and tissues can look very different with
different stains and preparation techniques. One method of preparation is to mix the cells in physiologic saline (called a wet
mount) and stain them with methylene blue stain.

If you are not instructed to prepare your own wet mount, obtain a prepared slide of epithelial cells to make the
observations in step 10 of Activity 5.

Activity 5:
Preparing and Observing
a Wet Mount

1. Obtain the following: a clean microscope slide and coverslip, two flat-tipped toothpicks, a dropper bottle of physiologic
saline, a dropper bottle of iodine or methylene blue stain, and filter paper (or paper towels). Handle only your own slides
throughout the procedure.

2. Place a drop of physiologic saline in the center of the slide. Using the flat end of the toothpick, gently scrape the inner
lining of your cheek. Transfer your cheek scrapings to the slide by agitating the end of the toothpick in the drop of saline
(Figure 3.4a).



Immediately discard the used toothpick in the disposable autoclave bag provided at the supplies area.

3. Add atiny drop of the iodine or methylene blue stain to the preparation. (These epithelial cells are nearly transparent and
thus difficult to see without the stain, which colors the nuclei of the cells and makes them look much darker than the
cytoplasm.) Stir again.

Immediately discard the used toothpick in the disposable autoclave bag provided at the supplies area.

4. Hold the coverslip with your fingertips so that its bottom edge touches one side of the fluid drop (Figure 3.4b), then
carefully lower the coverslip onto the preparation (Figure 3.4c). Do not just drop the coverslip, or you will trap large air
bubbles under it, which will obscure the cells. A coverslip should always be used with a wet mount to prevent soiling the lens
if you should misfocus.

5. Examine your preparation carefully. The coverslip should be closely apposed to the slide. If there is excess fluid around
its edges, you will need to remove it. Obtain a piece of filter paper, fold it in half, and use the folded edge to absorb the
excess fluid. (You may use a twist of paper towel as an alternative.)

Before continuing, discard the filter paper in the disposable autoclave bag.

6. Place the slide on the stage, and locate the cells in low power. You will probably want to dim the light with the iris
diaphragm to provide more contrast for viewing the lightly stained cells. Furthermore, a wet mount will dry out quickly in
bright light because a bright light source is hot.

7. Cheek epithelial cells are very thin, six-sided cells. In the cheek, they provide a smooth, tilelike lining, as shown in
Figure 3.5. Move to high power to examine the cells more closely.

8. Make a sketch of the epithelial cells that you observe.

Use information on your summary chart (page 24) to estimate
the diameter of cheek epithelial cells.
mm

Why do your cheek cells look different than those illustrated in Figure 3.5? (Hint: what did you have to do to your cheek to
obtain them?)

9.  When you complete your observations of the wet mount, dispose of your wet mount preparation in the beaker of bleach
solution, and put the coverslips in an autoclave bag.

10. Obtain a prepared slide of cheek epithelial cells, and view them under the microscope.
Estimate the diameter of one of these cheek epithelial cells using information from the summary chart (page 24).

mm

Why are these cells more similar to those seen in Figure 3.5 and easier to measure than those of the wet mount?



11. Before leaving the laboratory, make sure all other materials are properly discarded or returned to the appropriate
laboratory station. Clean the microscope lenses and put the dust cover on the microscope before you return it to the storage
cabinet. n

The Stereomicroscope (Dissecting Microscope)

Occasionally biologists look at specimens too large to observe with the compound microscope but too small to observe easily
with the unaided eye. The stereomicroscope, sometimes called a dissecting microscope, can be helpful in these situations.
It works basically like a large magnifying glass.

Activity 6:
Identifying the Parts
of a Stereomicroscope

1. Obtain a stereomicroscope, and put it on the lab bench.

2. Using what you have learned about the compound microscope and Figure 3.6, identify the following parts:
Adjustment focus knob: Used to focus on the specimen.

Arm: Connects the base to the head of the microscope.

Base: Supports the microscope.

Oculars (or eyepieces): Magnify the images from the objective lenses.

Head (or body tube): Supports the ocular and objective lenses.

Light control: Switch that allows you to choose transmitted light, reflected light, or both.

Objective lenses: Adjustable lens system used to increase or decrease magnification.

Stage: Platform that holds the specimen.

Substage light: Located in the base; sends light up through the specimen; the source of transmitted light.
Upper light source: Located above the stage; directs light onto the surface of the specimen; the source of reflected light. n

Activity 7:

Using the Stereomicroscope

1. Place a coin on the stage of the microscope. Turn on the light source, and adjust the oculars until you can see a single
image of the specimen.

2. Focus the microscope on the coin.

3. Experiment with transmitted and reflected light until you get the best image. Which works best in this situation, the
transmitted or reflected light?

4. Increase and decrease the magnification to familiarize yourself with the controls.

5. Each coin has a small letter indicating where it was minted. See if you can determine the initial of the mint that produced
your coin.

Where was your coin produced?



What is the total magnification you used?

nObjectives
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Note to the Instructor: The slides and coverslips used for viewing cheek cells are to be soaked for 2 hours (or longer) in 10% bleach
solution and then drained. The slides and disposable autoclave bag (containing coverslips, lens paper, and used toothpicks) are to be
autoclaved for 15 min at 121°C and 15 pounds pressure to ensure sterility. After autoclaving, the disposable autoclave bag may be
discarded in any disposal facility and the slides and glassware washed with laboratory detergent and reprepared for use. These instructions
apply as well to any bloodstained glassware or disposable items used in other experimental procedures.##

#

Summary Chart for Microscope # Scanning Low power High power

To identify the parts of the microscope and list the function of each.

. To describe and demonstrate the proper techniques for care of the microscope.
. To define total magnification and resolution.

To demonstrate proper focusing technique.

. To define parfocal, field, and depth of field.

To estimate the size of objects in a field.

aterials

Compound microscope

Millimeter ruler

Prepared slides of the letter e or newsprint

Immersion oil

Lens paper

Prepared slide of grid ruled in millimeters (grid slide)
Prepared slide of three crossed colored threads

Clean microscope slide and coverslip

Toothpicks (flat-tipped)

Physiologic saline in a dropper bottle

lodine or methylene blue stain (dilute) in a dropper bottle
Filter paper or paper towels

Beaker containing fresh 10% household bleach solution for wet mount disposal
Disposable autoclave bag

Prepared slide of cheek epithelial cells

Stereomicroscope

Coins

Exercise 3

immersionMagnification of
objective lens

Total magnification

Working distance

Detail observed
Letter e



mm

mm

mm

mm

Field size (diameter)mm mmmm mmmm mmmm mm*If you are unable to focus with a new lens, your microscope is not parfocal. Do not
try to force the lens into position. Consult your instructor. The Microscope#

Table 3.1  Comparison of Metric Units
of Length*Metric unit Abbreviation Equivalent

Meter
Centimeter

Millimeter



Micrometer (or micron)

Nanometer (or millimicrometer
or millimicron)

Angstromm
cm
mm

mm (m)

nm (mm)

A(about 39.3in.)
1022 m
1023 m

1026 m

1029 m

10210 m*Refer to the “Getting Started” exercise (page xii) for tips on metric conversions. The Microscope#
Figure 3.1 Compound microscope and its parts. The Microscopet#

Fi gure 3.2 Image formation in light microscopy. (a) Light passing through the objective lens forms a real image. (b) The

real image serves as the object for the ocular lens, which remagnifies the image and forms the virtual image. (c) The virtual image passes
through the lens of the eye and is focused on the retina.

Figure 3.3 Relative working distances of the 103, 453, and 1003 objectives.#  Exercise 3

Figure 3.4 Procedure for preparation of a wet mount. (a) The object is placed in a drop of water (or saline) on a clean
slide, (b) a coverslip is held at a 45° angle with the fingertips, and (c) it is lowered carefully over the water and the object.# Exercise
3

Figure 3.5 Epithelial cells of the cheek cavity (surface view, 4003).  The Microscope#

Figure 3.6 Stereomicroscope and its parts.



The Cell: Anatomy
and Divisiono bjectives

1. To define cell, organelle, and inclusion.

2. To identify on a cell model or diagram the following cellular regions and to list the major function of each:
nucleus, cytoplasm, and plasma membrane.

To identify and list the major functions of the various organelles studied.

To compare and contrast specialized cells with the concept of the “generalized cell.”
To define interphase, mitosis, and cytokinesis.

To list the stages of mitosis and describe the events of each stage.

To identify the mitotic phases on slides or appropriate diagrams.

To explain the importance of mitotic cell division and its product. T he cell, the structural and functional unit of all
living things, is a very complex entity. The cells of the human body are highly diverse, and their differences in size,
shape, and internal composition reflect their specific roles in the body. Nonetheless, cells do have many common
anatomical features, and all cells must carry out certain functions to sustain life. For example, all cells can maintain their
boundaries, metabolize, digest nutrients and dispose of wastes, grow and reproduce, move, and respond to a stimulus.
Most of these functions are considered in detail in later exercises. This exercise focuses on structural similarities that
typify the “composite,” or “generalized,” cell and considers only the function of cell reproduction (cell division).
Transport mechanisms (the means by which substances cross a cell’s external membrane) are dealt with separately in
Exercise 5.

O N R

Anatomy of the
Composite Cell

In general, all cells have three major regions, or parts, that can readily be identified with a light microscope: the nucleus, the
plasma membrane, and the cytoplasm. The nucleus is typically a round or oval structure near the center of the cell. It is
surrounded by cytoplasm, which in turn is enclosed by the plasma membrane. Since the advent of the electron microscope,
even smaller cell structures—organelles—have been identified. Figure 4.1a is a diagrammatic representation of the fine
structure of the composite cell; Figure 4.1b depicts cellular structure (particularly that of the nucleus) as revealed by the
electron microscope.

Nucleus

The nucleus, often described as the control center of the cell, is necessary for cell reproduction. A cell that has lost or ejected
its nucleus (for whatever reason) is literally programmed to die because the nucleus is the site of the “genes”—the genetic
material, DNA.

When the cell is not dividing, the genetic material is loosely dispersed throughout the nucleus in a threadlike form called
chromatin. When the cell is in the process of dividing to form daughter cells, the chromatin coils and condenses, forming
dense, darkly staining rodlike bodies called chromosomes—much in the way a stretched spring becomes shorter and thicker
when it is released. (Cell division is discussed later in this exercise.) Carefully note the appearance of the nucleus—it is
somewhat nondescript when a cell is healthy. When the nucleus appears dark and the chromatin becomes clumped, this is an
indication that the cell is dying and undergoing degeneration.

The nucleus also contains one or more small round bodies, called nucleoli, composed primarily of proteins and
ribonucleic acid (RNA). The nucleoli are assembly sites for ribosomal particles (particularly abundant in the cytoplasm),
which are the actual protein-synthesizing “factories.”

The nucleus is bound by a double-layered porous membrane, the nuclear envelope. The nuclear envelope is similar in
composition to other cellular membranes, but it is distinguished by its large nuclear pores. Although they are spanned by
diaphragms, these pores permit easy passage of protein and RNA molecules.



Activity 1:
Identifying Parts of a Cell

As able, identify the nuclear envelope, chromatin, nucleolus, and the nuclear pores in Figure 4.1a and b and Figure 4.3. n

Plasma Membrane

The plasma membrane separates cell contents from the surrounding environment. Its main structural building blocks are
phospholipids (fats) and globular protein molecules, but some of the externally facing proteins and lipids have sugar
(carbohydrate) side chains attached to them that are important in cellular interactions (Figure 4.2). Described by the fluid-
mosaic model, the membrane is a bilayer of phospholipid molecules that the protein molecules float in. Occasional
cholesterol molecules dispersed in the fluid phospholipid bilayer help stabilize it.

Besides providing a protective barrier for the cell, the plasma membrane plays an active role in determining which
substances may enter or leave the cell and in what quantity. Because of its molecular composition, the plasma membrane is
selective about what passes through it. It allows nutrients to enter the cell but keeps out undesirable substances. By the same
token, valuable cell proteins and other substances are kept within the cell, and excreta or wastes pass to the exterior. This
property is known as selective permeability. Transport through the plasma membrane occurs in two basic ways. In active
transport, the cell must provide energy (adenosine triphosphate, ATP) to power the transport process. In passive transport,
the transport process is driven by concentration or pressure differences.

Additionally, the plasma membrane maintains a resting potential that is essential to normal functioning of excitable cells
and plays a vital role in cell signaling and cell-to-cell interactions. In some cells the membrane is thrown into minute
fingerlike projections or folds called microvilli (see Figure 4.3). Microvilli greatly increase the surface area of the cell
available for absorption or passage of materials and for the binding of signaling molecules.

Activity 2:
Identifying Components
of a Plasma Membrane

Identify the phospholipid and protein portions of the plasma membrane in Figure 4.2. Also locate the sugar (glyco5
carbohydrate) side chains and cholesterol molecules. Identify the microvilli in the diagram at the top of Figure 4.2 and
inFigure 4.3.n

Cytoplasm and Organelles

The cytoplasm consists of the cell contents outside the nucleus. It is the major site of most activities carried out by the cell.
Suspended in the cytosol, the fluid cytoplasmic material, are many small structures called organelles (literally, “small
organs”). The organelles are the metabolic machinery of the cell, and they are highly organized to carry out specific
functions for the cell as a whole. The organelles include the ribosomes, endoplasmic reticulum, Golgi apparatus, lysosomes,
peroxisomes, mitochondria, cytoskeletal elements, and centrioles.

Activity 3:
Locating Organelles

Each organelle type is summarized in Table 4.1 and described briefly below. Read through this material and then, as best you
can, locate the organelles in both Figures 4.1b and 4.3. n

® Ribosomes are densely staining, roughly spherical bodies composed of RNA and protein. They are the actual sites
of protein synthesis. They are seen floating free in the cytoplasm or attached to a membranous structure. When they are
attached, the whole ribosome-membrane complex is called the rough endoplasmic reticulum.

® The endoplasmic reticulum (ER) is a highly folded system of membranous tubules and cisternae (sacs) that extends
throughout the cytoplasm. The ER is continuous with the nuclear envelope. Thus, it is assumed that the ER provides a system
of channels for the transport of cellular substances (primarily proteins) from one part of the cell to another. The ER exists in
two forms; a particular cell may have both or only one, depending on its specific functions. The rough ER, as noted earlier,



is studded with ribosomes. Its cisternae modify and store the newly formed proteins and dispatch them to other areas of the
cell. The external face of the rough ER is involved in phospholipid and cholesterol synthesis. The amount of rough ER is
closely correlated with the amount of protein a cell manufactures and is especially abundant in cells that make protein
products for export—for example, the pancreas cells that produce digestive enzymes destined for the small intestine.

The smooth ER has no protein synthesis—related function but is present in conspicuous amounts in cells that produce
steroid-based hormones—for example, the interstitial cells of the testes, which produce testosterone. Smooth ER is also
abundant in cells that are active in lipid metabolism and drug detoxification activities—Iliver cells, for instance.

® The Golgi apparatus is a stack of flattened sacs with bulbous ends that is generally found close to the nucleus. Within
its cisternae, the proteins delivered to it by transport vesicles from the rough ER are modified (by attachment of sugar
groups), segregated, and packaged into membranous vesicles that ultimately (1) are incorporated into the plasma membrane,
(2) become secretory vesicles that release their contents from the cell, or (3) become lysosomes.

® Lysosomes, which appear in various sizes, are membrane-bound sacs containing an array of powerful digestive
enzymes. A product of the packaging activities of the Golgi apparatus, the lysosomes contain acid hydrolases, enzymes
capable of digesting worn-out cell structures and foreign substances that enter the cell via vesicle formation through
phagocytosis or endocytosis (see Exercise 5A). Because they have the capacity of total cell destruction, the lysosomes are
often referred to as the “suicide sacs” of the cell.

® Peroxisomes, like lysosomes, are enzyme-containing sacs. However, their oxidases have a different task. Using oxygen,
they detoxify a number of harmful substances, most importantly free radicals. Peroxisomes are particularly abundant in
kidney and liver cells, cells that are actively involved in detoxification.

® Mitochondria are generally rod-shaped bodies with a double-membrane wall; the inner membrane is thrown into folds,
or cristae. Oxidative enzymes on or within the mitochondria catalyze the reactions of the Krebs cycle and the electron
transport chain (collectively called oxidative respiration), in which foods are broken down to produce energy. The released
energy is captured in the bonds of ATP molecules, which are then transported out of the mitochondria to provide a ready
energy supply to power the cell. Every living cell requires a constant supply of ATP for its many activities. Because the
mitochondria provide the bulk of this ATP, they are referred to as the “powerhouses” of the cell.

® Cytoskeletal elements ramify throughout the cytoplasm, forming an internal scaffolding called the cytoskeleton that
supports and moves substances within the cell. The microtubules are slender tubules formed of proteins called tubulins,
which have the ability to aggregate and then disaggregate spontaneously. Microtubules organize the cytoskeleton and direct
formation of the spindle formed by the centrioles during cell division. They also act in the transport of substances down the
length of elongated cells (such as neurons), suspend organelles, and help maintain cell shape by providing rigidity to the soft
cellular substance. Intermediate filaments are stable proteinaceous cytoskeletal elements that act as internal guy wires to
resist mechanical (pulling) forces acting on cells. Microfilaments, ribbon or cordlike

elements, are formed of contractile proteins, primarily actin. Because of their ability to shorten and then relax to assume a
more elongated form, these are important in cell mobility and are very conspicuous in cells that are specialized to contract
(such as muscle cells). A cross-linked network of lamin microfilaments braces and strengthens the internal face of the plasma
membrane.

The cytoskeletal structures are changeable and minute. With the exception of the microtubules of the spindle, which are
very obvious during cell division (see pages 38-39), and the microfilaments of skeletal muscle cells, they are rarely seen,
even in electron micrographs, and are not depicted in Figure 4.1b. However, special stains can reveal the plentiful supply of
these very important organelles.

® The paired centrioles lie close to the nucleus in all animal cells capable of reproducing themselves. They are rod-shaped
bodies that lie at right angles to each other. Internally each centriole is composed of nine triplets of microtubules. During cell
division, the centrioles direct the formation of the mitotic spindle. Centrioles also form the basis for cell projections called
cilia and flagella.

The cell cytoplasm contains various other substances and structures, including stored foods (glycogen granules and lipid
droplets), pigment granules, crystals of various types, water vacuoles, and ingested foreign materials. However, these are not
part of the active metabolic machinery of the cell and are therefore called inclusions.

Activity 4:

Examining the Cell Model



Once you have located all of these structures in Figure 4.3, examine the cell model (or cell chart) to repeat and reinforce your
identifications. n

Differences and Similarities in Cell Structure

Activity 5:
Observing Various Cell Structures

1. Obtain a compound microscope and prepared slides of simple squamous epithelium, smooth muscle cells (teased),
human blood, and sperm.

2. Observe each slide under the microscope, carefully noting similarities and differences in the cells. (The oil immersion
lens will be needed to observe blood and sperm.) Distinguish the limits of the individual cells, and notice the shape and
position of the nucleus in each case. When you look at the human blood smear, direct your attention to the red blood cells,
the pink-stained cells that are most numerous. The color photomicrographs illustrating a blood smear (Plate 58) and sperm
(Plate 53) that appear in the Histology Atlas may be helpful in this cell structure study. Sketch your observations in the
circles provided on page 36.

3. Measure the length and/or diameter of each cell, and record below the appropriate sketch.
4. How do these four cell types differ in shape and size?

How might cell shape affect cell function?

Which cells have visible projections?

How do these projections relate to the function of these cells?




Do any of these cells lack a plasma membrane?
A nucleus?

In the cells with a nucleus, can you discern nucleoli?

Were you able to observe any of the organelles in these cells?

Why or why not?

Cell Division: Mitosis
and Cytokinesis

A cell’s life cycle is the series of changes it goes through from the time it is formed until it reproduces itself. It encompasses
two stages—interphase, the longer period during which the cell grows and carries out its usual activities (Figure 4.4a), and
cell division, when the cell reproduces itself by dividing. In an interphase cell about to divide, the genetic material (DNA) is
replicated (duplicated exactly). Once this important event has occurred, cell division ensues.

Cell division in all cells other than bacteria consists of a series of events collectively called mitosis and cytokinesis.
Mitosis is nuclear division; cytokinesis is the division of the cytoplasm, which begins after mitosis is nearly complete.
Although mitosis is usually accompanied by cytokinesis, in some instances cytoplasmic division does not occur, leading to
the formation of binucleate (or multinucleate) cells. This is relatively common in the human liver.

The product of mitosis is two daughter nuclei that are genetically identical to the mother nucleus. This distinguishes
mitosis from meiosis, a specialized type of nuclear division (covered in Exercise 43) that occurs only in the reproductive
organs (testes or ovaries). Meiosis, which yields four daughter nuclei that differ genetically in composition from the mother
nucleus, is used only for the production of gametes (eggs and sperm) for sexual reproduction. The function of cell division,
including mitosis and cytokinesis in the body, is to increase the number of cells for growth and repair while maintaining their
genetic heritage.

The stages of mitosis illustrated in Figure 4.4 include the following events:

Prophase (Figure 4.4b and c): At the onset of cell division, the chromatin threads coil and shorten to form densely staining,
short, barlike chromosomes. By the middle of prophase the chromosomes appear as double-stranded structures (each strand
is a chromatid) connected by a small median body called a centromere. The centrioles separate from one another and act as
focal points for the assembly of two systems of microtubules: the mitotic spindle, which forms between the centrioles, and
the asters (“stars”), which radiate outward from the ends of the spindle and anchor it to the plasma membrane. The spindle
acts as a scaffolding for the attachment and movement of the chromosomes during later mitotic stages. Meanwhile, the
nuclear envelope and the nucleolus break down and disappear.

Metaphase (Figure 4.4d): A brief stage, during which the chromosomes migrate to the central plane or equator of the spindle
and align along that plane in a straight line (the so-called metaphase plate) from the superior to the inferior region of the
spindle (lateral view). Viewed from the poles of the cell (end view), the chromosomes appear to be arranged in a “rosette,” or
circle, around the widest dimension of the spindle.

Anaphase (Figure 4.4e): During anaphase, the centromeres split, and the chromatids (now called chromosomes again)
separate from one another and then progress slowly toward opposite ends of the cell. The chromosomes are pulled by the



kinetochore microtubules attached to their centromeres, their “arms” dangling behind them. Anaphase is complete when
poleward movement ceases.

Telophase (Figure 4.4f): During telophase, the events of prophase are essentially reversed. The chromosomes clustered at
the poles begin to uncoil and resume the chromatin form, the spindle breaks down and disappears, a nuclear envelope forms
around each chromatin mass, and nucleoli appear in each of the daughter nuclei.

Mitosis is essentially the same in all animal cells, but depending on the tissue, it takes from 5 minutes to several hours to
complete. In most cells, centriole replication occurs during interphase of the next cell cycle.

Cytokinesis, or the division of the cytoplasmic mass, begins during telophase
(Figure 4.4f) and provides a good guide for where to look for the mitotic figures of
telophase. In animal cells, a cleavage furrow begins to form approximately over the
spindle equator and eventually splits or pinches the original cytoplasmic mass into
two portions. Thus at the end of cell division, two daughter cells exist—each with a
smaller cytoplasmic mass than the mother cell but genetically identical to it. The
daughter cells grow and carry out the normal spectrum of metabolic processes until
it is their turn to divide.

Cell division is extremely important during the body’s growth period. Most cells divide until puberty, when normal body
size is achieved and overall body growth ceases. After this time in life, only certain cells carry out cell division routinely—
for example, cells subjected to abrasion (epithelium of the skin and lining of the gut). Other cell populations—such as liver
cells—stop dividing but retain this ability should some of them be removed or damaged. Skeletal muscle, cardiac muscle,
and mature neurons almost completely lose this ability to divide and thus are severely handicapped by injury. Throughout
life, the body retains its ability to repair cuts and wounds and to replace some of its aged cells.

Activity 6:
Identifying the Mitotic Stages

1. Watch a video presentation of mitosis (if available).
2. Using the three-dimensional models of dividing cells provided, identify each of the mitotic states described above.

3. Obtain a prepared slide of whitefish blastulae to study the stages of mitosis. The cells of each blastula (a stage of
embryonic development consisting of a hollow ball of cells) are at approximately the same mitotic stage, so it may be
necessary to observe more than one blastula to view all the mitotic stages. A good analogy for a blastula is a soccer ball in
which each leather piece making up the ball’s surface represents an embryonic cell. The exceptionally high rate of mitosis
observed in this tissue is typical of embryos, but if it occurs in specialized tissues it can indicate cancerous cells, which also
have an extraordinarily high mitotic rate. Examine the slide carefully, identifying the four mitotic stages and the process of
cytokinesis. Compare your observations with Figure 4.4, and verify your identifications with your instructor.

rMaterials

g Three-dimensional model of the “composite” animal cell or laboratory chart of cell anatomy

q Compound microscope

q Prepared slides of simple squamous epithelium (AgNO3 stain), teased smooth muscle (L.S.), human blood cell
smear, and sperm

g Video of mitosis

q Three-dimensional models of mitotic stages

q Prepared slides of whitefish blastulae

Note to the Instructor: See directions for handling wet mount preparations and disposable supplies on page 27, Exercise 3. For
suggestions on video of mitosis, see Instructor’s Guide.# The Cell: Anatomy and Division#

Table 4.1 Cytoplasmic Organelles

Organelle Location and function




Ribosomes

Endo-
plasmic
reticulum (ER)

Golgi
apparatus

Lysosomes

Peroxisomes

Mitochondria

Centrioles

Cytoskeletal

elements:

microfilaments,

interme-

diate

filaments,

and micro-

tubulesTiny spherical bodies composed of RNA and protein; actual sites of protein synthesis; floating free or attached to a membranous
structure (the rough ER) in the cytoplasm



Membranous system of tubules that extends throughout the cytoplasm; two varieties— rough ER is studded with ribosomes (tubules of the
rough ER provide an area for storage and transport of the proteins made on the ribosomes to other cell areas; external face synthesizes
phospholipids and cholesterol) and smooth ER, which has no function in protein synthesis (rather it is a site of steroid and lipid synthesis,
lipid metabolism, and drug detoxification)

Stack of flattened sacs with bulbous ends and associated small vesicles; found close to the nucleus; plays a role in packaging proteins or
other substances for export from the cell or incorporation into the plasma membrane and in packaging lysosomal enzymes

Various-sized membranous sacs containing digestive enzymes (acid hydrolases); function to digest worn-out cell organelles and foreign
substances that enter the cell; have the capacity of total cell destruction if ruptured

Small lysosome-like membranous sacs containing oxidase enzymes that detoxify alcohol, hydrogen peroxide, and other harmful chemicals

Generally rod-shaped bodies with a double-membrane wall; inner membrane is thrown into folds, or cristae; contain enzymes that oxidize
foodstuffs to produce cellular energy (ATP); often referred to as “powerhouses of the cell”

Paired, cylindrical bodies lie at right angles to each other, close to the nucleus; direct the formation of the mitotic spindle during cell
division; form the bases of cilia and flagella

Provide cellular support; function in intracellular transport; microfilaments are formed largely of actin, a contractile protein, and thus are
important in cell mobility (particularly in muscle cells); intermediate filaments are stable elements composed of a variety of proteins and
resist mechanical forces acting on cells; microtubules form the internal structure of the centrioles and help determine cell shape# Exercise
4

The Cell: Anatomy and Division## Exercise 4Simple squamous

epithelium

Diameter Human red
blood cells

Diameter Teased smooth

muscle cells
Length
Diameter Sperm cells
Length
Diameter The Cell: Anatomy and Division## Exercise 4
Figure 4.1 Anatomy of the composite animal cell. (a) Diagrammatic view. (b) Transmission electron micrograph (6,0003).#
Exercise 4
Fi gure 4.2 structural details of the plasma membrane.Text continues on page 34 The Cell: Anatomy and Division#

Figu re 4.3 Structure of the generalized cell. No cell is exactly like this one, but this composite illustrates features common to
many human cells. Note that not all organelles are drawn to the same scale in this illustration.



Figure 4.4 The interphase cell and the stages of mitosis. The cells shown are from an early embryo of a whitefish.
Photomicrographs are above; corresponding diagrams are below. (Micrographs approximately 6003). The Cell: Anatomy and
Division#




The Cell: Transport Mechanisms and Cell
Permeability Wet Lab

Objectives

1. To define differential permeability; diffusion (simple diffusion and osmosis); isotonic, hypotonic, and
hypertonic solutions; active transport processes—exocytosis, phagocytosis, pinocytosis, and solute pump.

2. To describe the processes that account for the movement of substances across the plasma membrane and to
indicate the driving force for each.

3. To determine which way substances will move passively through a differentially permeable membrane (given
appropriate information on concentration differences).

Materials

Passive Processes
Brownian Movement, and Diffusion of Dye through Agar Gel

o0 0 0o 0 0o o0 o o o
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Toothpicks (flat-tipped)

Forceps

Carmine dye crystals

Clean microscope slides and coverslips
Compound microscope

Petri dish containing 12 ml of 1.5% agar-agar
Millimeter-ruled graph paper

Wax marking pencil

3.5% methylene blue solution (approximately
0.1 M) in dropper bottles

1.6% potassium permanganate solution (approximately 0.1 M) in dropper bottles
Medicine dropper

iffusion Through Nonliving Membranes

Four dialysis sacs or small Hefty “alligator” sandwich bags
Small funnel

25-ml graduated cylinder

Wax marking pencil

Fine twine or dialysis tubing clamps

250-ml beakers

Distilled water

40% glucose solution

10% sodium chloride (NaCl) solution

40% sucrose solution colored with Congo red dye
Laboratory balance

Paper towels

Hot plate and large beaker for hot water bath
Benedict’s solution in dropper bottle

Silver nitrate (AgNo3) in dropper bottle



q Test tubes in rack, test tube holder
Diffusion Through Living Membranes

g Yeast suspension in dropper bottle
Congo red dye in dropper bottle
Forceps

15-ml graduated cylinder

Clean microscope slides and coverslips
Glass stirring rod

Test tubes in racks, test tube holder
Compound microscope

Vials of animal (mammalian) blood obtained from a biological supply house or veterinarian—at option of
instructor

Freshly prepared physiologic (mammalian) saline solution in dropper bottle
1.5% sodium chloride solution in dropper bottle
Distilled water
Filter paper
Disposable gloves
Basin and wash bottles containing 10% household bleach solution
Disposable autoclave bag
Paper towels
iffusion demonstrations:
1: Diffusion of a dye through water

Prepared the morning of the laboratory session with setup time noted. Potassium permanganate crystals are
placed in a 1,000-ml graduated cylinder, and distilled water is added slowly and with as little turbulence as
possible to fill to the 1,000-ml mark.

2: Osmometer

Just before the laboratory begins, the broad end of a thistle tube is closed with a differentially permeable
dialysis membrane, and the tube is secured to a ring stand. Molasses is added to approximately 5 cm above the
thistle tube bulb and the bulb is immersed in a beaker of distilled water. At the beginning of the lab session,
the level of the molasses in the tube is marked with a wax pencil.

Active processes:

Culture of starved amoeba (Amoeba proteus)
Medicine dropper

Depression slide

Coverslip (glass)

Tetrahymena pyriformis culture

Compound microscope

Videotape showing phagocytosis (if available)
Videotape viewing box

o0 0 0o 0 o o o o
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PhysioEx™ 5.0 Computer Simulation on page P-1

Note to the Instructor: See directions for handling wet mount preparations and disposable supplies on page 27, Exercise 3.#  The Cell:
Transport Mechanisms and Cell Permeability—Wet Lab#



Passive Processes

The two important passive processes of membrane transport are diffusion and filtration. Diffusion is an important transport
process for every cell in the body. By contrast, filtration usually occurs only across capillary walls. Only diffusion will be
considered here.

Recall that all molecules possess kinetic energy and are in constant motion. At a specific temperature, given molecules

have about the same average kinetic energy. Since kinetic energy is directly related to both mass and velocity (KE 2 1/zmv2),
smaller molecules tend to move faster. As molecules move about randomly at high speeds, they collide and ricochet off one
another, changing direction with each collision (Figure 5A.1).

Although individual molecules cannot be seen, the random motion of small particles suspended in water can be
observed. This is called Brownian movement.

Activity 1:

Observing Brownian Movement

1. Using the blunt end of a toothpick, add a small amount of water-insoluble carmine dye to a drop of water on a
microscope slide and stir to mix.

2. Add a coverslip and observe under high power (4003).

Does the movement appear to be directed or random?

What effect would a change in temperature have on the speed of the movement?

n

Diffusion

When a concentration gradient (difference in concentration) exists, the net effect of this random molecular movement is
that the molecules eventually become evenly distributed throughout the environment, that is, the process called diffusion
occurs. Hence, diffusion is the movement of molecules from a region of their higher concentration to a region of their lower
concentration. Its driving force is the kinetic energy of the molecules themselves.

There are many examples of diffusion in nonliving systems. For example, if a bottle of ether was uncorked at the front
of the laboratory, very shortly thereafter you would be nodding as the ether molecules become distributed throughout the
room. The ability to smell a friend’s cologne shortly after he or she has entered the room is another example.

The diffusion of particles into and out of cells is modified by the plasma membrane, which constitutes a physical barrier.
In general, molecules diffuse passively through the plasma membrane if they can dissolve in the lipid portion of the
membrane (as in the case of CO5 and O»). The diffusion of solutes (particles dissolved in water) through a differentially

permeable membrane is called simple diffusion. The diffusion of water through a differentially permeable membrane is
called osmosis. Both simple diffusion and osmosis involve the movement of a substance from an area of its higher
concentration to one of its lower concentration, that is, down its concentration gradient.

Facilitated diffusion occurs when certain molecules, for example glucose, combine with protein carrier molecules in the
plasma membrane and move from one side of the membrane to the other down a concentration gradient. Passive movement
of molecules through protein membrane channels is also facilitated diffusion. Like simple diffusion, facilitated diffusion does
not require ATP.

Diffusion of Dye Through Agar Gel and Water The relationship between molecular weight and the rate of diffusion
can be examined easily by observing the diffusion of two different types of dye molecules through an agar gel. The dyes
used in this experiment are methylene blue, which has a molecular weight of 320 and is deep blue in color, and potassium
permanganate, a purple dye with a molecular weight of 158. Although the agar gel appears quite solid, it is primarily (98.5%)
water and allows free movement of the dye molecules through it.



Activity 2:
Observing Diffusion of Dye
Through Agar Gel

1. Work with members of your group to formulate a hypothesis about the rates of diffusion of methylene blue and
potassium permanganate through the agar gel. Justify your hypothesis.

2. Obtain a petri dish containing agar gel, a piece of millimeter-ruled graph paper, a wax marking pencil, dropper bottles of
methylene blue and potassium permanganate, and a medicine dropper. (See Figure 5A.2.)

3. Using the wax marking pencil, draw a line on the bottom of the petri dish dividing it into two sections. Place the petri
dish on the ruled graph paper.

4. Create a well in the center of each section using the medicine dropper. To do this, squeeze the bulb of the medicine
dropper, and push it down into the agar. Release the bulb as you slowly pull the dropper vertically out of the agar. This
should remove an agar plug, leaving a well in the agar.

5. Carefully fill one well with the methylene blue solution and the other well with the potassium permanganate solution.

Record the time.

6. At 15-minute intervals, measure the distance the dye has diffused from each well. These observations should be
continued for 1 hour, and the results recorded in the chart above.

Which dye diffused more rapidly?

What is the relationship between molecular weight and rate of molecular movement (diffusion)?

Why did the dye molecules move?

Compute the rate of diffusion of the potassium permanganate molecules in millimeters per minute (mm/min) and record.
mm/min
Compute the rate of diffusion of the methylene blue molecules in mm/min and record.

mm/min
7. Prepare a lab report for these experiments. (See Getting Started: Writing a Lab Report, page xii.) n

Make a mental note to yourself to go to demonstration area 1 at the end of the laboratory session to observe the extent of
diffusion of the potassium permanganate dye through water. At that time, follow the directions given next.
Activity 3:
Observing Diffusion
of Dye Through Water



1. Go to diffusion demonstration area 1, and observe
the cylinder containing dye crystals and water set up at
the beginning of the lab.

2. Measure the number of millimeters the dye has diffused from the bottom of the graduated cylinder and record.

mm

3. Record the time the demonstration was set up and the time of your observation. Then compute the rate of the dye’s
diffusion through water and record below.

Time of setup
Time of observation

Rate of diffusion mm/min

4. Does the potassium permanganate dye move (diffuse) more rapidly through water or the agar gel? (Explain your
answer.)

Activity 4:
Observing Diffusion Through Nonliving Membranes

The following experiment provides information on the diffusion of water and solutes through differentially permeable
membranes, which may be applied to the study of transport mechanisms in living membrane-bound cells.

1. Read through the experiments in this activity, and develop a hypothesis for each part.

2. Obtain four dialysis sacs,* a small funnel, a 25-ml graduated cylinder, a wax marking pencil, fine twine or dialysis
tubing clamps, and four beakers (250 ml). Number the beakers 1 to 4 with the wax marking pencil, and half fill all of them
with distilled water except beaker 2, to which you should add 40% glucose solution.

3. Prepare the dialysis sacs one at a time. Using the funnel, half fill each with 20 ml of the specified liquid (see below).
Press out the air, fold over the open end of the sac, and tie it securely with fine twine or clamp it. Before proceeding to the
next sac, rinse it under the tap, and quickly and carefully blot the sac dry by rolling it on a paper towel. Weigh it with a
laboratory balance. Record the weight in the data chart on page 44, and then drop the sac into the corresponding beaker. Be
sure the sac is completely covered by the beaker solution, adding more solution if necessary.

® Sac 1: 40% glucose solution. Weight: g
®  Sac 2: 40% glucose solution. Weight: g
® Sac 3: 10% NaCl solution. Weight: g

® Sac 4: Congo red dye in 40% sucrose solution. Weight:

9



Allow sacs to remain undisturbed in the beakers for 1 hour. (Use this time to continue with other experiments.)

4. After an hour, get a beaker of water boiling on the hot plate. Obtain the supplies you will need to determine your
experimental results: dropper bottles of Benedict’s solution and silver nitrate solution, a test tube rack, four test tubes, and a
test tube holder.

5. Quickly and gently blot sac 1 dry and weigh it. (Note: Do not squeeze the sac during the blotting process.) Record in the
data chart.

Weight of sac 1: g
Has there been any change in weight?

Conclusions?

Place 5 ml of Benedict’s solution in each of two test tubes. Put 4 ml of the beaker fluid into one test tube and 4 ml of the sac
fluid into the other. Mark the tubes for identification and then place them in a beaker containing boiling water. Boil 2
minutes. Cool slowly. If a green, yellow, or rusty red precipitate forms, the test is positive, meaning that glucose is present. If
the solution remains the original blue color, the test is negative. Record results in the data chart.

Was glucose still present in the sac?
Was glucose present in the beaker?

Conclusions?

6. Blot gently and weigh sac 2: g Record weight in the data
chart.

Was there an increase or decrease in weight?

With 40% glucose in the sac and 40% glucose in the beaker, would you expect to see any net movement of water (osmosis)
or of glucose molecules (simple diffusion)?

Why or why not?

7. Blot gently and weigh sac 3: g
Record weight in the data chart.

Was there any change in weight?

Conclusions?




Take a 5-ml sample of beaker 3 solution and put it in a clean test tube. Add a drop of silver nitrate. The appearance of a
white precipitate or cloudiness indicates the presence of silver chloride (AgCI), which is formed by the reaction of AgNO3

with NaCl (sodium chloride). Record results in the data chart.

Results?

Conclusions?

8. Blot gently and weigh sac 4: g Record weight in the data chart.
Was there any change in weight?
Did the beaker water turn pink?

Conclusions?

Take a 1-ml sample of beaker 4 solution and put the test tube in boiling water in a hot water bath. Add 5 drops of Benedict’s
solution to the tube and boil for 5 minutes. The presence of glucose (one of the hydrolysis products of sucrose) in the bath
water is indicated by the presence of a green, yellow, or rusty colored precipitate.

Did sucrose diffuse from the sac into the bath water?

Explain your conclusion.

9. In which of the test situations did net osmosis occur?

In which of the test situations did net simple diffusion occur?

What conclusions can you make about the relative size of glucose, sucrose, Congo red dye, NaCl, and water molecules?

With what cell structure can the dialysis sac be compared?

10. Prepare a lab report for the experiment. (See Getting Started: Writing a Lab Report, page xii.) Be sure to include in your
discussion the answers to the questions proposed in this activity.

Activity 5:



Observing Osmometer Results

Before leaving the laboratory, observe demonstration 2, the osmometer demonstration set up before the laboratory session to
follow the movement of water through a membrane (osmosis). Measure the distance the water column has moved during the
laboratory period and record below. (The position of the meniscus in the thistle tube at the beginning of the laboratory period
is marked with wax pencil.)

Distance the meniscus has moved: mm n

Activity 6:
Investigating Diffusion Through Living Membranes

To examine permeability properties of plasma membranes, conduct the following two experiments.

Experiment 1:

1. Go to the supply area and obtain a dropper bottle of yeast suspension, a dropper bottle of Congo red dye, a 15-ml
graduated cylinder, three slides and coverslips, a glass stirring rod, two test tubes and a test tube rack, and bring them to your
laboratory bench.

2. Make a wet mount by adding a drop of the yeast suspension to a slide and observe the cells under high power. Draw a
few cells that record your observations below.

3. Prepare two test tubes by placing 3 ml of the yeast suspension in each. Boil one of the tubes in a hot water bath for 15
seconds.

4. Remove the boiled tube from the water bath. Add eight drops of Congo red dye to both the boiled and the unboiled
preparations. Stir each tube with the glass stirring rod.

5. Prepare a wet mount from each tube and observe the yeast cells in each preparation. Respond to the following questions,
based on your observations.

Was the dye accepted by the unboiled cells?
By the boiled cells? What are your conclusions about the selectivity of living and nonliving (boiled) cell

membranes?

Experiment 2:
Now you will conduct a microscopic study of red blood cells suspended in solutions of varying tonicities. The objective is to
determine if these solutions have any effect on cell shape by promoting net osmosis.

1. The following supplies should be available at your laboratory bench to conduct this experimental series: two clean slides
and coverslips, a vial of animal blood, a medicine dropper, physiologic saline, 1.5% sodium chloride solution, distilled water,
filter paper, and disposable gloves.

Wear disposable gloves at all times when handling blood (steps 2-5).

2. Place a very small drop of physiologic saline on a slide. Using the medicine dropper, add a small drop of animal blood to
the saline on the slide. Tilt the slide to mix, cover with a coverslip, and immediately examine the preparation under the high-
power lens. Notice that the red blood cells retain their normal smooth disclike shape (see Figure 5A.3a). This is because the
physiologic saline is isotonic to the cells. That is, it contains a concentration of nonpenetrating solutes (e.g., proteins and
some ions) equal to that in the cells (same solute-solvent ratio). Consequently, the cells neither gain nor lose water by
osmosis. Set this slide aside.

3. Prepare another wet mount of animal blood, but this time use 1.5% sodium chloride (saline) solution as the suspending
medium. After 5 minutes, carefully observe the red blood cells under high power. What is happening to the normally smooth
disc shape of the red blood cells?



This crinkling-up process, called crenation, is due to the fact that the 1.5% sodium chloride solution is slightly hypertonic to
the cytosol of the red blood cell. A hypertonic solution contains more nonpenetrating solutes (thus less water) than are
present in the cell. Under these circumstances, water tends to leave the cells by osmosis. Compare your observations to
Figure 5A.3b.

4. Add a drop of distilled water to the edge of the coverslip. Fold a piece of filter paper in half and place its folded edge at
the opposite edge of the coverslip; it will absorb the saline solution and draw the distilled water across the cells. Watch the
red blood cells as they float across the field. After about 5 minutes have passed, describe the change in their appearance.

Distilled water contains no solutes (it is 100% water). Distilled water and very dilute solutions (that is, those containing less
than 0.9% nonpenetrating solutes) are hypotonic to the cell. In a hypotonic solution, the red blood cells first “plump up”
(Figure 5A.3c), but then they suddenly start to disappear. The red blood cells burst as the water floods into them, leaving
“ghosts” in their wake—a phenomenon called hemolysis.

5. Place the blood-soiled slides and test tube in the bleach-containing basin. Put the coverslips you used into the disposable
autoclave bag. Obtain a wash (squirt) bottle containing 10% bleach solution, and squirt the bleach liberally over the bench
area where blood was handled. Wipe the bench down with a paper towel wet with the bleach solution and allow it to dry
before continuing. Remove gloves, and discard in the autoclave bag.

6. Prepare a lab report for experiments 1 and 2. (See Getting Started: Writing a Lab Report, page xii.) Be sure to include in
the discussion answers to the questions proposed in this activity. n

Filtration

Filtration is the process by which water and solutes are forced through a membrane from an area of higher hydrostatic (fluid)
pressure into an area of lower hydrostatic pressure. Like diffusion, it is a passive process. For example, fluids and solutes
filter out of the capillaries in the kidneys into the kidney tubules because the blood pressure in the capillaries is greater than
the fluid pressure in the tubules. Filtration is not a selective process. The amount of filtrate (fluids and solutes) formed
depends almost entirely on the pressure gradient (difference in pressure on the two sides of the membrane) and on the size of
the membrane pores. We will be studying filtration in conjunction with urinary system physiology.

Active Processes

Whenever a cell uses the bond energy of ATP to move substances across its boundaries, the process is an active process.
Substances moved by active means are generally unable to pass by diffusion. They may not be lipid soluble; they may be too
large to pass through the membrane channels; or they may have to move against rather than with a concentration gradient.
There are two types of active processes: active transport and vesicular transport.

Active Transport

Active transport requires carrier proteins that combine specifically with the transported substance, which is similar to
enzyme-substrate interactions described in your text. Active transport may be primary, driven directly by hydrolysis of ATP,
or secondary, acting with a primary transport system as a coupled system. In most cases the substances move against
concentration or electrochemical gradients or both. Some of the substances that are moved into the cells by such carriers,
commonly called solute pumps, are amino acids and some sugars. Both solutes are lipid insoluble and too large to pass



through the membrane channels but are necessary for cell life. On the other hand, sodium ions (Nal) are ejected from cells

by active transport. There is more Nal outside the cell than inside, so the Nal tends to remain in the cell unless actively
transported out. Active transport, using solute pumps, is difficult to study in an A&P laboratory and will not be considered
further here.

Vesicular Transport

Large particles and molecules are transported across the membrane by vesicular transport. Movement may be into the cell
(endocytosis) or out of the cell (exocytosis).

Most types of endocytosis utilize clathrin protein-coated pits to engulf the substance to be carried into the cell. Once
engulfed, the substance is transported in the cell within a clathrin-coated vesicle. In pinocytosis, also called fluid-phase
endocytosis, the cell membrane sinks beneath the material to form a small vesicle, which then pinches off into the cell
interior (see Figure 5A.4a). Pinocytosis is most common for taking in liquids containing protein or fat.

In phagocytosis (cell eating), parts of the plasma membrane and cytoplasm expand and flow around a relatively large or
solid material (for example, bacteria or cell debris) and engulf it (Figure 5A.4b). The membranous sac thus formed, called a
phagosome, is then fused with a lysosome and its contents are digested. In the human body, phagocytic cells are mainly
found among the white blood cells and macrophages that act as scavengers and help protect the body from disease-causing
microorganisms and cancer cells.

A more selective type of endocytosis uses plasma membrane receptors and is called receptor-mediated endocytosis
(Figure 5A.4c). As opposed to the phagocytosis used by the body’s scavenger cells (see below), this type of endocytosis is
exquisitely selective and is used primarily for cellular uptake of specific molecules, such as cholesterol, iron, and some
hormones, and for transfer of substances from one side of the cell to the other.

Activity 7:
Observing Phagocytosis in Amoeba

1. Obtain a drop of starved Amoeba proteus culture and place it on a coverslip. Add a drop of Tetrahymena pyriformis
culture (an amoeba “meal”) to the amoeba-containing drop, and then quickly but gently invert the coverslip over the well of a
depression slide.

2. Locate an amoeba under low power. Keep the light as dim as possible; otherwise the amoeba will “ball up” and begin to
disintegrate.

3. Watch as the amoeba phagocytizes the Tetrahymena by forming pseudopods that engulf it. As mentioned, in unicellular
organisms like the amoeba, phagocytosis is an important food-getting mechanism, but in higher organisms, it is more
important as a protective device.

4. Return all equipment to the appropriate supply areas and rinse glassware used. n

Note: If you have not already done so, complete Activity 3 (“Observing Diffusion of Dye Through Water,” page 43),
and Activity 5 (“Observing Osmometer Results,” page 45).# Exercise 5A(a)(b)(c)

Diffusion of
Diffusion of potassium
methylene blue  permanganate
Time (min) (mm)  (mm)

15

30

45

60 The Cell: Transport Mechanisms and Cell Permeability—Wet Lab#*Dialysis sacs are differentially permeable
membranes with pores of a particular size. The selectivity of living membranes depends on more than just pore size, but using the dialysis
sacs will allow you to examine selectivity due to this factor.# Exercise 5A
Data from Experiments on Diffusion Through Nonliving Membranes Contents Initial  Final ~ Weight

Tests_ Tests_sac

Beaker of sac weight weight change beaker fluid fluid



Beaker 1 20 ml 40% Benedict’s Benedict’s
¢ filled with glucose solution test: test:
distilled water

Beaker 2 20 ml 40%

7 filled with 40% glucose solution
glucose solution
Beaker 3 20 ml 10% NacCl AgNOgq test:
7 filled with solution
distilled water
Beaker 4 20 ml sucrose Benedict’s test:
7 filled with solution containing
distilled water Congo red dye The Cell: Transport Mechanisms and Cell Permeability—Wet Lab## Exercise
5A(a)(b)(c)

Figure 5A.1 Random movement and numerous collisions cause molecules to become evenly distributed. The
small spheres represent water molecules; the large spheres represent glucose molecules.B ecause of its molecular composition, the
plasma membrane is selective about what passes through it. It allows nutrients to enter the cell but keeps out undesirable
substances. By the same token, valuable cell proteins and other substances are kept within the cell, and excreta or wastes pass
to the exterior. This property is known as differential, or selective, permeability. Transport through the plasma membrane
occurs in two basic ways. In passive processes, concentration or pressure differences drive the movement. In active
processes, the cell provides energy (ATP) to power the transport process.

Fi gure 5A.2 Comparing diffusion rates. Agar-plated petri dish as it appears after the diffusion of 0.1 M methylene blue placed
in one well and 0.1 M potassium permanganate placed in another.

Figure 5A.3 Influence of isotonic, hypertonic, and hypotonic solutions on red blood cells. (a) Red blood cells
suspended in an isotonic solution, where the cells retain their normal size and shape. (b) Red blood cells suspended in hypertonic solution.
As the cells lose water to the external environment, they shrink and become prickly, a phenomenon called crenation. (c) Red blood cells
suspended in a hypotonic solution. Notice their spherical bloated shape, a result of excessive water intake. The Cell:
Transport Mechanisms and Cell Permeability—Wet Lab#

Figure 5A.4 Three types of endocytosis.

(a) In pinocytosis, dissolved proteins gather on the external surface of the plasma membrane, causing the membrane to invaginate and to
incorporate a droplet of the fluid. (b) In phagocytosis, cellular extensions (pseudopodia) flow around the external particle and enclose it
within a vacuole. (c) In receptor-mediated endocytosis, plasma membrane proteins bind only with certain substances.



Classification of Tissues
Objectives

1. To name the four major types of tissues in the human body and the major subcategories of each.

2. To identify the tissue subcategories through microscopic inspection or inspection of an appropriate diagram or
projected slide.

3. To state the location of the various tissue types in the body.

4. To list the general functions and structural characteristics of each of the four major tissue types.E xercise 4
describes cells as the building blocks of life and the all-inclusive functional units of unicellular organisms. However, in
higher organisms, cells do not usually operate as isolated, independent entities. In humans and other multicellular
organisms, cells depend on one another and cooperate to maintain homeostasis in the body.

With a few exceptions (parthenogenetic organisms), even the most complex animal starts out as a single cell, the
fertilized egg, which divides almost endlessly. The trillions of cells that result become specialized for a particular function;
some become supportive bone, others the transparent lens of the eye, still others skin cells, and so on. Thus a division of
labor exists, with certain groups of cells highly specialized to perform functions that benefit the organism as a whole. Cell
specialization carries with it certain hazards, because when a small specific group of cells is indispensable, any inability to
function on its part can paralyze or destroy the entire body.

Groups of cells that are similar in structure and function are called tissues. The four primary tissue types—epithelium,
connective tissue, nervous tissue, and muscle—have distinctive structures, patterns, and functions. The four primary tissues
are further divided into subcategories, as described shortly.

To perform specific body functions, the tissues are organized into organs such as the heart, kidneys, and lungs. Most
organs contain several representatives of the primary tissues, and the arrangement of these tissues determines the organ’s
structure and function. Thus histology, the study of tissues, complements a study of gross anatomy and provides the
structural basis for a study of organ physiology.

The main objective of this exercise is to familiarize you with the major similarities and dissimilarities of the primary
tissues, so that when the tissue composition of an organ is described, you will be able to more easily understand (and perhaps
even predict) the organ’s major function. Because epithelium and some types of connective tissue will not be considered
again, they are emphasized more than muscle, nervous tissue, and bone (a connective tissue), which are covered in more
depth in later exercises.

Epithelial Tissue

Epithelial tissue, or epithelium, covers surfaces. For example, epithelium covers the external body surface (as the
epidermis), lines its cavities and tubules, and generally marks off our “insides” from our outsides. Since the various
endocrine (hormone-producing) and exocrine glands of the body almost invariably develop from epithelial membranes,
glands, too, are logically classed as epithelium.

Epithelial functions include protection, absorption, filtration, excretion, secretion, and sensory reception. For example,
the epithelium covering the body surface protects against bacterial invasion and chemical damage; that lining the respiratory
tract is ciliated to sweep dust and other foreign particles away from the lungs. Epithelium specialized to absorb substances
lines the stomach and small intestine. In the kidney tubules, the epithelium absorbs, secretes, and filters. Secretion is a
specialty of the glands.

The following characteristics distinguish epithelial tissues from other types:

® Cellularity and specialized contacts. Cells fit closely together to form membranes, or sheets of cells, and are bound
together by specialized junctions.

® Polarity. The membranes always have one free surface, called the apical surface, and typically that surface is
significantly different from the basal surface.

® Supported by connective tissue. The cells are attached to and supported by an adhesive basement membrane, which is
an amorphous material secreted partly by the epithelial cells (basal lamina) and connective tissue cells (reticular lamina) that
lie adjacent to each other.



® Avascularity. Epithelial tissues have no blood supply of their own (are avascular), but instead depend on diffusion of
nutrients from the underlying connective tissue. (Glandular epithelia, however, are very vascular.)

® Regeneration. If well nourished, epithelial cells can easily regenerate themselves. This is an important characteristic
because many epithelia are subjected to a good deal of friction.

The covering and lining epithelia are classified according to two criteria—arrangement or relative number of layers and
cell shape (Figure 6.1). On the basis of arrangement, there are simple epithelia, consisting of one layer of cells attached to
the basement membrane, and stratified epithelia, consisting of two or more layers of cells. The general types based on shape
are squamous (scalelike), cuboidal (cubelike), and columnar (column-shaped) epithelial cells. The terms denoting shape
and arrangement of the epithelial cells are combined to describe the epithelium fully. Stratified epithelia are named
according to the cells at the apical
surface of the epithelial membrane, not those resting on
the basement membrane.

There are, in addition, two less easily categorized types of epithelia. Pseudostratified epithelium is actually a simple
columnar epithelium (one layer of cells), but because its cells vary in height and the nuclei lie at different levels above the
basement membrane, it gives the false appearance of being stratified. This epithelium is often ciliated. Transitional
epithelium is a rather peculiar stratified squamous epithelium formed of rounded, or “plump,” cells with the ability to slide
over one another to allow the organ to be stretched. Transitional epithelium is found only in urinary system organs subjected
to periodic distension, such as the bladder. The superficial cells are flattened (like true squamous cells) when the organ is
distended and rounded when the organ is empty.

Epithelial cells forming glands are highly specialized to remove materials from the blood and to manufacture them into
new materials, which they then secrete. There are two types of glands, as shown in Figure 6.2. Endocrine glands lose their
surface connection (duct) as they develop; thus they are referred to as ductless glands. Their secretions (all hormones) are
extruded directly into the blood or the lymphatic vessels that weave through the glands. Exocrine glands retain their ducts,
and their secretions empty through these ducts to an epithelial surface. The exocrine glands—including the sweat and oil
glands, liver, and pancreas—are both external and internal; they will be discussed in conjunction with the organ systems to
which their products are functionally related.

The most common types of epithelia, their characteristic locations in the body, and their functions are described in
Figure 6.3.

Activity 1:
Examining Epithelial Tissue
Under the Microscope

Obtain slides of simple squamous, simple cuboidal, simple columnar, stratified squamous (nonkeratinized), pseudostratified
ciliated columnar, stratified cuboidal, stratified columnar, and transitional epithelia. Examine each carefully, and notice how
the epithelial cells fit closely together to form intact sheets of cells, a necessity for a tissue that forms linings or covering
membranes. Scan each epithelial type for modifications for specific functions, such as cilia (motile cell projections that help
to move substances along the cell surface), and microvilli, which increase the surface area for absorption. Also be alert for
goblet cells, which secrete lubricating mucus (see Plate 1 of the Histology Atlas). Compare your observations with the
descriptions and photomicrographs in Figure 6.3.

While working, check the questions in the laboratory review section for this exercise. A number of the questions there
refer to some of the observations you are asked to make during your microscopic study. n

Text continues on page 55

Connective Tissue

Connective tissue is found in all parts of the body as discrete structures or as part of various body organs. It is the most
abundant and widely distributed of the tissue types.

Connective tissues perform a variety of functions, but they primarily protect, support, and bind together other tissues of
the body. For example, bones are composed of connective tissue (bone, or osseous tissue), and they protect and support



other body tissues and organs. The ligaments and tendons (dense connective tissue) bind the bones together or bind skeletal
muscles to bones.

Areolar connective tissue (Figure 6.4) is a soft packaging material that cushions and protects body organs. Adipose
(fat) tissue provides insulation for the body tissues and a source of stored food. Blood-forming (hematopoietic) tissue
replenishes the body’s supply of red blood cells. Connective tissue also serves a vital function in the repair of all body tissues
since many wounds are repaired by connective tissue in the form of scar tissue.

The characteristics of connective tissue include the following:

® With a few exceptions (cartilages, which are avascular, and tendons and ligaments, which are poorly vascularized),
connective tissues have a rich supply of blood vessels.

®  Connective tissues are composed of many types of cells.
® There is a great deal of noncellular, nonliving material (matrix) between the cells of connective tissue.

The nonliving material between the cells—the extracellular matrix—deserves a bit more explanation because it
distinguishes connective tissue from all other tissues. It is produced by the cells and then extruded. The matrix is primarily
responsible for the strength associated with connective tissue, but there is variation. At one extreme, adipose tissue is
composed mostly of cells. At the opposite extreme, bone and cartilage have few cells and large amounts of matrix.

The matrix has two components—ground substance and fibers. The ground substance is composed chiefly of
interstitial fluid, cell adhesion proteins, and proteoglycans. Depending on its specific composition, the ground substance may
be liquid, semisolid, gel-like, or very hard. When the matrix is firm, as in cartilage and bone, the connective tissue cells
reside in cavities in the matrix called lacunae. The fibers, which provide support, include collagen (white) fibers, elastic
(yellow) fibers, and reticular (fine collagen) fibers. Of these, the collagen fibers are most abundant.

Generally speaking, the ground substance functions as a molecular sieve, or medium, through which nutrients and other
dissolved substances can diffuse between the blood capillaries and the cells. The fibers in the matrix hinder diffusion
somewhat and make the ground substance less pliable. The properties of the connective tissue cells and the makeup and
arrangement of their matrix elements vary tremendously, accounting for the amazing diversity of this tissue type.
Nonetheless, the connective tissues have a common structural plan seen best in areolar connective tissue (Figure 6.4), a soft
packing tissue that occurs throughout the body. Since all other connective tissues are variations of areolar, it is considered
the model or prototype of the connective tissues. Notice in Figure 6.4 that areolar tissue has all three varieties of fibers, but
they are sparsely arranged in its transparent gel-like ground substance. The cell type that secretes its matrix is the fibroblast,
but a wide variety of other cells including phagocytic cells like macrophages and certain white blood cells and mast cells that
act in the inflammatory response are present as well. The more durable connective tissues, such as bone, cartilage, and the
dense fibrous varieties, characteristically have a firm ground substance and many more fibers.

There are four main types of adult connective tissue, all of which typically have large amounts of matrix. These are
connective tissue proper (which includes areolar, adipose, reticular, and dense [fibrous] connective tissues), cartilage,
bone, and blood. All of these derive from an embryonic tissue called mesenchyme. Figure 6.5 lists the general
characteristics, location, and function of some of the connective tissues found in the body.

Activity 2:
Examining Connective Tissue
Under the Microscope

Obtain prepared slides of mesenchyme; of adipose, areolar, reticular, dense regular and irregular connective tissue; of hyaline
and elastic cartilage and fibrocartilage; of osseous connective tissue (bone); and of blood. Compare your observations with
the views illustrated in Figure 6.5.

Distinguish between the living cells and the matrix and pay particular attention to the denseness and arrangement of the
matrix. For example, notice how the matrix of the dense fibrous connective tissues, making up tendons and the dermis of the
skin, is packed with collagen fibers, and that in the regular variety (tendon), the fibers are all running in the same direction,
whereas in the dermis (a dense irregular connective tissue) they appear to be running in many directions.

While examining the areolar connective tissue, notice how much empty space there appears to be (areol 5 small empty
space), and distinguish between the collagen fibers and the coiled elastic fibers. Identify the starlike fibroblasts. Also, try to
locate a mast cell, which has large, darkly staining granules in its cytoplasm (mast 5 stuffed full of granules). This cell type
releases histamine that makes capillaries more permeable during inflammatory reactions and allergies and thus is partially
responsible for that “runny nose” of some allergies.



In adipose tissue, locate a “signet ring” cell, a fat cell in which the nucleus can be seen pushed to one side by the large,
fat-filled vacuole that appears to be a large empty space. Also notice how little matrix there is in adipose (fat) tissue.
Distinguish between the living cells and the matrix in the dense fibrous, bone, and hyaline cartilage preparations.

Scan the blood slide at low and then high power to examine the general shape of the red blood cells. Then, switch to the
oil immersion lens for a closer look at the various types of white blood cells. How does blood differ from all other
connective tissues?

Text continues on page 62

Muscle Tissue

Muscle tissue (Figure 6.6) is highly specialized to contract and produces most types of body movement. As you might
expect, muscle cells tend to be elongated, providing a long axis for contraction. The three basic types of muscle tissue are
described briefly here. Cardiac and skeletal muscles are treated more completely in later exercises.

Skeletal muscle, the “meat,” or flesh, of the body, is attached to the skeleton. It is under voluntary control (consciously
controlled), and its contraction moves the limbs and other external body parts. The cells of skeletal muscles are long,
cylindrical, and multinucleate (several nuclei per cell), with the nuclei pushed to the periphery of the cells; they have obvious
striations (stripes).

Cardiac muscle is found only in the heart. As it contracts, the heart acts as a pump, propelling the blood into the blood
vessels. Cardiac muscle, like skeletal muscle, has striations, but cardiac cells are branching uninucleate cells that interdigitate
(fit together) at junctions called intercalated discs. These structural modifications allow the cardiac muscle to act as a unit.
Cardiac muscle is under involuntary control, which means that we cannot voluntarily or consciously control the operation of
the heart.

Text continues on page 64

Smooth muscle, or visceral muscle, is found mainly in the walls of hollow organs (digestive and urinary tract organs,
uterus, blood vessels). Typically it has two layers that run at right angles to each other; consequently its contraction can
constrict or dilate the lumen (cavity) of an organ and propel substances along predetermined pathways. Smooth muscle cells
are quite different in appearance from those of skeletal or cardiac muscle. No striations are visible, and the uninucleate
smooth muscle cells are spindle-shaped.

Activity 3:
Examining Muscle Tissue
Under the Microscope

Obtain and examine prepared slides of skeletal, cardiac, and smooth muscle. Notice their similarities and dissimilarities in
your observations and in the illustrations in Figure 6.6. Teased smooth muscle shows individual cell shape clearly (see Plate
3, Histology Atlas). n

Nervous Tissue

Nervous tissue is composed of two major cell populations. The neuroglia are special supporting cells that protect, support,
and insulate the more delicate neurons. The neurons are highly specialized to receive stimuli (irritability) and to conduct
waves of excitation, or impulses, to all parts of the body (conductivity). They are the cells that are most often associated with
nervous system functioning.



The structure of neurons is markedly different from that of all other body cells. They all have a nucleus-containing cell
body, and their cytoplasm is drawn out into long extensions (cell processes)—sometimes as long as 1 m (about
3 feet), which allows a single neuron to conduct an impulse over relatively long distances. More detail about the anatomy of
the different classes of neurons and neuroglia appears in Exercise 17.

Activity 4:
Examining Nervous Tissue
Under the Microscope

Obtain a prepared slide of a spinal cord smear. Locate a neuron and compare it to Figure 6.7. Keep the light dim—this will
help you see the cellular extensions of the neurons. See also Plates 5 and 6 in the Histology Atlas. n

Activity 5:

Constructing a Concept Map

of the Tissues

Constructing a concept map of the tissues will help you to organize the tissues logically and will be a useful tool for looking
at slides throughout the course. A concept map aids in organism identification by a process of elimination based on
observable traits. Each step of the map is a question with a yes or no answer. For example, tissues, our topic here, are
separated based on observations made through the microscope.

Using the following steps, prepare a concept map that separates the tissues based on what is observed in the
photomicrographs in Figures 6.3, 6.5, 6.6, and 6.7. Your instructor will give you a list of the tissue types to be included.

1. Read the sections on epithelial, connective, muscle, and nervous tissues. Carefully review the characteristics of the
assigned tissues.
2. Prepare a series of questions based on features observed through the microscope that

a. will have only two possible answers, yes or no.

b. will separate the tissues in a logical manner. Figure 6.8 provides an example of a concept map separating out simple
squamous epithelium.

3. A helpful first question is “Is there a free edge?” This question separates epithelial tissue from connective, muscle, and
nervous tissue.

4. A branch of the concept map is complete when only a single tissue type is alone at the end of a branch.

5. When your concept map is complete, use it to help identify tissue types on prepared slides. nM @ t € I lals
g Compound microscope

q Immersion oil

q

Prepared slides of simple squamous, simple cuboidal, simple columnar, stratified squamous (nonkeratinized),
stratified cuboidal, stratified columnar, pseudostratified ciliated columnar, and transitional epithelium

q Prepared slides of mesenchyme; of adipose, areolar, reticular, and dense (both regular and irregular connective
tissues); of hyaline and elastic cartilage; of fibrocartilage; of bone (x.s.); and of blood

Prepared slides of skeletal, cardiac, and smooth muscle (1.s.)
Prepared slide of nervous tissue (spinal cord smear)

PhysioEx™ 5.0 Computer Simulation on page P-1# Classification of Tissues#

Figure 6.1 Classification of epithelia. (a) Classification on the basis of arrangement (relative number of layers). (b)
Classification on the basis of cell shape. For each category, a whole cell is shown on the left and a longitudinal section is shown on the
right. # Exercise 6A



Figure 6.2 Formation of endocrine and exocrine glands from epithelial sheets.

(a) Epithelial cells grow and push into the underlying tissue. (b) A cord of epithelial cells forms. (c) In an exocrine gland, a lumen (cavity)
forms. The inner cells form the duct, the outer cells produce the secretion.

(d) In a forming endocrine gland, the connecting duct cells atrophy, leaving the secretory cells with no

connection to the epithelial surface. However, they do become heavily invested with blood and lymphatic vessels that receive the
secretions. Classification of Tissues#

Figure 6.3 Epithelial tissues. Simple epithelia (a and b).# Exercise 6A

Figure 6.3 (continued) Epithelial tissues. Simple epithelia (c and d). Classification of Tissues#

Figure 6.3 (continued) Stratified epithelia (e and f).# Exercise 6A

Figure 6.3 (continued) Epithelial tissues. Stratified epithelia (g and h). Classification of Tissues#

Figure 6.4 Areolar connective tissue: A prototype (model) connective tissue. This tissue underlies epithelia and
surrounds capillaries. Note the various cell types and the three classes of fibers (collagen, reticular, elastic) embedded in the ground
substance.# Exercise 6A Classification of Tissues#

Fi gure 6.5 Connective tissues. Embryonic connective tissue (a) and connective tissue proper (b).# Exercise 6A

Figure 6.5 (continued) Connective tissues. Connective tissue proper (c and d). Classification of Tissues#

Figure 6.5 (continued) Connective tissue proper (e and f).#  Exercise 6A

Figure 6.5 (continued) Connective tissues. Cartilage (g and h). Classification of Tissues#

Figure 6.5 (continued) cartilage (i) and bone (j).#  Exercise 6A

Figure 6.5 (continued) Connective tissues. Blood (k). Classification of Tissues#

Figure 6.6 Muscle tissues. Skeletal (a) and cardiac (b) muscles.#  Exercise 6A

Figure 6.6 (continued) Muscle tissues. Smooth muscle (c). Classification of Tissues#

Figure 6.7 Nervous tissue.# Exercise 6A



Figure 6.8 A concept map separating tissues based on observable characteristics. A map of simple squamous
epithelium has been completed as an example. The map should continue until each tissue type is alone at the end of a branch.



exercise

The Integumentary
System

T he skin, or integument, is considered an organ system because of its extent and complexity. It is much more than an
external body covering; architecturally the skin is a marvel. It is tough yet pliable, a characteristic that enables it to withstand
constant insult from outside agents.

The skin has many functions, most (but not all) concerned with protection. It insulates and cushions the underlying body
tissues and protects the entire body from mechanical damage (bumps and cuts), chemical damage (acids, alkalis, and the
like), thermal damage (heat), and bacterial invasion (by virtue of its acid mantle and continuous surface). The hardened
uppermost layer of the skin (the cornified layer) prevents water loss from the body surface. The skin’s abundant capillary
network (under the control of the nervous system) plays an important role in regulating heat loss from the body surface.

The skin has other functions as well. For example, it acts as a mini-excretory system; urea, salts, and water are lost
through the skin pores in sweat. The skin also has important metabolic duties. For example, like liver cells, it carries out
some chemical conversions that activate or inactivate certain drugs and hormones, and it is the site of vitamin D synthesis for
the body. Finally, the cutaneous sense organs are located in the dermis.

Basic Structure of the Skin

The skin has two distinct regions—the superficial epidermis composed of epithelium and an underlying connective tissue
dermis (Figure 7.1). These layers are firmly “cemented” together along an undulating border. But friction, such as the
rubbing of a poorly fitting shoe, may cause them to separate, resulting in a blister. Immediately deep to the dermis is the
hypodermis, or superficial fascia (primarily adipose tissue), which is not considered part of the skin. The main skin areas
and structures are described below.

Activity 1:
Locating Structures on a Skin Model

As you read, locate the following structures in Figure 7.1 and on a skin model. n

Epidermis

Structurally, the avascular epidermis is a keratinized stratified squamous epithelium consisting of four distinct cell types and
four or five distinct layers.

Cells of the Epidermis

® Keratinocytes (literally, keratin cells): The most abundant epidermal cells, they function mainly to produce keratin

fibrils. Keratin is a fibrous protein that gives the epidermis its durability and protective capabilities. Keratinocytes are tightly
connected to each other by desmosomes.

Far less numerous are the following types of epidermal cells (Figure 7.2):



® Melanocytes: Spidery black cells that produce the brown-to-black pigment called melanin. The skin tans because
melanin production increases when the skin is exposed to sunlight. The melanin provides a protective pigment umbrella over
the nuclei of the cells in the deeper epidermal layers, thus shielding their genetic material (deoxyribonucleic acid, DNA)
from the damaging effects of ultraviolet radiation. A concentration of melanin in one spot is called a freckle.

® Langerhans’ cells: Also called epidermal dendritic cells, these phagocytic cells (macrophages) play a role in
immunity.

® Merkel cells: Occasional spiky hemispheres that, in conjunction with sensory nerve endings, form sensitive touch
receptors called Merkel discs located at the epidermal-dermal junction.

Layers of the Epidermis From deep to superficial, the layers of the epidermis are the stratum basale, stratum spinosum,
stratum granulosum, stratum lucidum, and stratum corneum (Figure 7.2).

® Stratum basale (basal layer): A single row of cells immediately adjacent to the dermis. Its cells are constantly
undergoing mitotic cell division to produce millions of new cells daily, hence its alternate name stratum germinativum. From
10 to 25% of the cells in this stratum are melanocytes, which thread their processes through this and the adjacent layers of
keratinocytes (see Figure 7.2).

® Stratum spinosum (spiny layer): A stratum consisting of several cell layers immediately superficial to the basal layer.
Its cells contain thick weblike bundles of intermediate filaments made of a pre-keratin protein. The stratum spinosum cells
appear spiky (hence their name) because as the skin tissue is prepared for histological examination, they shrink but their
desmosomes hold tight. Cells divide fairly rapidly in this layer, but less so than in the stratum basale. Cells in the basal and
spiny layers are the only ones to receive adequate nourishment via diffusion of nutrients from the dermis. So as their
daughter cells are pushed upward and away from the source of nutrition, they gradually die.

® Stratum granulosum (granular layer): A thin layer named for the abundant granules its cells contain. These granules
are of two types: (1) lamellated granules, which contain a waterproofing glycolipid that is secreted into the extracellular
space; and (2) keratohyaline granules, which combine with the intermediate filaments in the more superficial layers to form
the keratin fibrils. At the upper border of this layer, the cells are beginning to die.

® Stratum lucidum (clear layer): A very thin translucent band of flattened dead keratinocytes with indistinct boundaries.
It is not present in regions of thin skin.

® Stratum corneum (horny layer): This outermost epidermal layer consists of some 20 to 30 cell layers, and accounts for
the bulk of the epidermal thickness. Cells in this layer, like those in the stratum lucidum (where it exists), are dead and their
flattened scalelike remnants are fully keratinized. They are constantly rubbing off and being replaced by division of the
deeper cells.

Dermis

The dense irregular connective tissue making up the dermis consists of two principal regions—the papillary and reticular
areas. Like the epidermis, the dermis varies in thickness. For example, the skin is particularly thick on the palms of the hands
and soles of the feet and is quite thin on the eyelids.

® Papillary layer: The more superficial dermal region composed of areolar connective tissue. It is very uneven and has
fingerlike projections from its superior surface, the dermal papillae, which attach it to the epidermis above. These
projections lie on top of the larger dermal ridges. In the palms of the hands and soles of the feet, they produce the
fingerprints, unique patterns of epidermal ridges that remain unchanged throughout life. Abundant capillary networks in the
papillary layer furnish nutrients for the epidermal layers and allow heat to radiate to the skin surface. The pain and touch
receptors (Meissner’s corpuscles) are also found here.

® Reticular layer: The deepest skin layer. It is composed of dense irregular connective tissue and contains many arteries

and veins, sweat and sebaceous glands, and pressure
receptors (Pacinian corpuscles).

Both the papillary and reticular layers are heavily invested with collagenic and elastic fibers. The elastic fibers give skin
its exceptional elasticity in youth. In old age, the number of elastic fibers decreases and the subcutaneous layer loses fat,



which leads to wrinkling and inelasticity of the skin. Fibroblasts, adipose cells, various types of macrophages (which are
important in the body’s defense), and other cell types are found throughout the dermis.

The abundant dermal blood supply allows the skin to play a role in the regulation of body temperature. When body

temperature is high, the arterioles serving the skin dilate, and the capillary network of the dermis becomes engorged with the
heated blood. Thus body heat is allowed to radiate from the skin surface. If the environment is cool and body heat must be
conserved, the arterioles constrict so that blood
bypasses the dermal capillary networks temporarily.
Any restriction of the normal blood supply to the skin results in cell death and, if severe enough, skin ulcers (Figure 7.3).
Bedsores (decubitus ulcers) occur in bedridden patients who are not turned regularly enough. The weight of the body exerts
pressure on the skin, especially over bony projections (hips, heels, etc.), which leads to restriction of the blood supply and
tissue death. |

The dermis is also richly provided with lymphatic vessels and a nerve supply. Many of the nerve endings bear highly
specialized receptor organs that, when stimulated by environmental changes, transmit messages to the central nervous system
for interpretation. Some of these receptors—free nerve endings (pain receptors), a Meissner’s corpuscle, a Pacinian
corpuscle, and a hair follicle receptor (also called a root hair plexus)—are shown in Figure 7.1. (These receptors are
discussed in depth in Exercise 23.)

Skin Color

Skin color is a result of the relative amount of melanin in skin, the relative amount of carotene in skin, and the degree of
oxygenation of the blood. People who produce large amounts of melanin have brown-toned skin. In light-skinned people,
who have less melanin pigment, the dermal blood supply flushes through the rather transparent cell layers above, giving the
skin a rosy glow. Carotene is a yellow-orange pigment present primarily in the stratum corneum and in the adipose tissue of
the hypodermis. Its presence is most noticeable when large amounts of carotene-rich foods (carrots, for instance) are eaten.
Skin color may be an important diagnostic tool. For example, flushed skin may indicate hypertension, fever, or
embarrassment, whereas pale skin is typically seen in anemic individuals. When the blood is inadequately oxygenated, as
during asphyxiation and serious lung disease, both the blood and the skin take on a bluish or cyanotic cast. Jaundice, in
which the tissues become yellowed, is almost always diagnostic for liver disease, whereas a bronzing of the skin hints that a
person’s adrenal cortex is hypoactive (Addison’s disease). |

Accessory Organs of the Skin

The accessory organs of the skin—cutaneous glands, hair, and nails—are all derivatives of the epidermis, but they reside in
the dermis. They originate from the stratum basale and grow downward into the deeper skin regions.

Nails

Nails are hornlike derivatives of the epidermis (Figure 7.4). Their named parts are:

® Body: The visible attached portion.

. Free edge: The portion of the nail that grows out away
from the body.

® Root: The part that is embedded in the skin and adheres to an epithelial nail bed.
® Nail folds: Skin folds that overlap the borders of the nail.

® Eponychium: The thick proximal nail fold commonly called the cuticle.

® Nail bed: Extension of the stratum basale beneath the nail.

® Nail matrix: The thickened proximal part of the nail bed containing germinal cells responsible for nail growth. As the
matrix produces the nail cells, they become heavily keratinized and die. Thus nails, like hairs, are mostly nonliving material.



® Lunula: The proximal region of the thickened nail matrix, which appears as a white crescent. Everywhere else, nails are
transparent and nearly colorless, but they appear pink because of the blood supply in the underlying dermis. When someone
is cyanotic due to a lack of oxygen in the blood, the nail beds take on a blue cast.

Activity 2:
Identifying Nail Structures

Identify the nail structures shown in Figure 7.4 on yourself or your lab partner. n

Hairs and Associated Structures

Hairs, enclosed in hair follicles, are found all over the entire body surface, except for thick-skinned areas (the palms of the
hands and the soles of the feet), parts of the external genitalia, the nipples, and the lips.

® Hair: Structure consisting of a medulla, a central region surrounded first by the cortex and then by a protective cuticle
(Figure 7.5). Abrasion of the cuticle results in split ends. Hair color is a manifestation of the amount and kind of melanin
pigment within the hair cortex. The portion of the hair enclosed within the follicle is called the root; that portion projecting
from the scalp surface is called the shaft. The hair bulb is a collection of well-nourished germinal epithelial cells at the basal
end of the follicle. As the daughter cells are pushed farther away from the growing region, they die and become keratinized;
thus the bulk of the hair shaft, like the bulk of the epidermis, is dead material.

® Follicle: A structure formed from both epidermal and dermal cells (see Figure 7.5). Its inner epithelial root sheath, with
two parts (internal and external), is enclosed by a thickened basement membrane, the glassy membrane, and a connective
tissue root sheath, which is essentially dermal tissue. A small nipple of dermal tissue that protrudes into the hair bulb from
the connective tissue sheath and provides nutrition to the growing hair is called the papilla.

®  Arrector pili muscle: Small bands of smooth muscle cells connect each hair follicle to the papillary layer of the dermis
(Figures 7.1 and 7.5). When these muscles contract (during cold or fright), the slanted hair follicle is pulled upright, dimpling
the skin surface with goose bumps. This phenomenon is especially dramatic in a scared cat, whose fur actually stands on end
to increase its apparent size. The activity of the arrector pili muscles also exerts pressure on the sebaceous glands
surrounding the follicle, causing a small amount of sebum to be released.

Activity 3:
Comparison of Hairy and Relatively Hair-free Skin
Microscopically

While thick skin has no hair follicles or sebaceous (oil) glands, thin skin typical of most of the body has both. The scalp, of
course, has the highest density of hair follicles.

1. Obtain a prepared slide of the human scalp, and study it carefully under the microscope. Compare your tissue slide to the
view shown in Figure 7.6a, and identify as many of the structures diagrammed in Figure 7.1 as possible.
How is this stratified squamous epithelium different from that observed in Exercise 6A or 6B?

How do these differences relate to the functions of these two similar epithelia?




2. Obtain a prepared slide of hairless skin of the palm or sole (Figure 7.6b). Compare the slide to Figure 7.6a. In what ways
does the thick skin of the palm or sole differ from the thin skin of the scalp?

Cutaneous Glands

The cutaneous glands fall primarily into two categories: the sebaceous glands and the sweat glands (Figure 7.1 and Figure
7.7).

Sebaceous (Oil) Glands The sebaceous glands are found nearly all over the skin, except for the palms of the hands and
the soles of the feet. Their ducts usually empty into a hair follicle, but some open directly on the skin surface.

Sebum is the product of sebaceous glands. It is a mixture of oily substances and fragmented cells that acts as a lubricant
to keep the skin soft and moist (a natural skin cream) and keeps the hair from becoming brittle. The sebaceous glands
become particularly active during puberty when more male hormones (androgens) begin to be produced; thus the skin tends
to become oilier during this period of life.

Blackheads are accumulations of dried sebum, bacteria, and melanin from epithelial cells in the oil duct. Acne is an active
infection of the sebaceous glands. |

Sweat (Sudoriferous) Glands These exocrine glands are widely distributed all over the skin. Outlets for the glands are
epithelial openings called pores. Sweat glands are categorized by the composition of their secretions.

® Eccrine glands: Also called merocrine sweat glands, these glands are distributed all over the body. They produce clear
perspiration consisting primarily of water, salts (mostly NaCl), and urea. Eccrine sweat glands, under the control of the
nervous system, are an important part of the body’s heat-regulating apparatus. They secrete perspiration when the external
temperature or body temperature is high. When this water-based substance evaporates, it carries excess body heat with it.
Thus evaporation of greater amounts of perspiration provides an efficient means of dissipating body heat when the capillary
cooling system is not sufficient or is unable to maintain body temperature homeostasis.

® Apocrine glands: Found predominantly in the axillary and genital areas, these glands secrete a milky protein- and fat-
rich substance (also containing water, salts, and urea) that is an excellent nutrient medium for the microorganisms typically
found on the skin. Because these glands enlarge and recede with the phases of a women’s menstrual cycle, the apocrine
glands may be analogous to the pheromone-producing scent glands of other animals.

Activity 4:

Differentiating Sebaceous and
Sweat Glands Microscopically

Using the slide thin skin with hairs, and Figure 7.7 as a guide, identify sebaceous and eccrine sweat glands. What
characteristics relating to location or gland structure allow you to differentiate these glands?

Activity 5:



Plotting the Distribution
of Sweat Glands

1. Form a hypothesis about the relative distribution of sweat glands on the palm and forearm. Justify your hypothesis.
2. For this simple experiment you will need two squares of bond paper (each 1 cm 3 1 cm), adhesive tape, and a Betadine

(iodine) swab or Lugol’s iodine and a cotton-tipped swab. (The bond paper has been preruled in cm2—put on disposable
gloves and cut along the lines to obtain the required squares.)

3. Paint an area of the medial aspect of your left palm (avoid the crease lines) and a region of your left forearm with the
iodine solution, and allow it to dry thoroughly. The painted area in each case should be slightly larger than the paper squares
to be used.

4. Have your lab partner securely tape a square of bond paper over each iodine-painted area, and leave them in place for 20
minutes. (If it is very warm in the laboratory while this test is being conducted, good results may be obtained within 10 to 15
minutes.)

5. After 20 minutes, remove the paper squares, and count the number of blue-black dots on each square. The presence of a
blue-black dot on the paper indicates an active sweat gland. (The iodine in the pore is dissolved in the sweat and reacts
chemically with the starch in the bond paper to produce the blue-black color.) Thus “sweat maps” have been produced for
the two skin areas.

6. Which skin area tested has the greater density of sweat glands?

7. Tape your results (bond paper squares) to a data collection sheet labeled “palm” and “forearm” at the front of the lab. Be
sure to put your paper squares in the correct columns on the data sheet.

8. Once all the data has been collected, review the class results.
9. Prepare a lab report for the experiment. (See Getting Started: Writing a Lab Report, page xii) n

Activity 6:
Dermography: Fingerprinting

As noted on page 70, each of us has a unique genetically determined set of fingerprints. Because of the usefulness of
fingerprinting for identifying and apprehending criminals, most people associate this craft solely with criminal investigations.
However, civil fingerprints are invaluable in quickly identifying amnesia victims, missing persons, and unknown deceased
such as those killed in major disasters.

The friction ridges responsible for fingerprints appear in several patterns, which are clearest when the fingertips are
inked and then pressed against white paper. Impressions are also made when perspiration or any foreign material such as
blood, dirt, or grease adheres to the ridges and the fingers are then pressed against a smooth, nonabsorbent surface. The three
most common patterns are arches, loops, and whorls (Figure 7.8). The pattern area in loops and whorls is the only area of
the print used in identification, and it is delineated by the type lines—specifically the two innermost ridges that start parallel,
diverge, and/or surround or tend to surround the pattern area.

Activity 7:
Taking and ldentifying Inked Fingerprints

For this activity, you will be working as a group with your lab partners. Though the equipment for professional
fingerprinting is fairly basic, consisting of a glass or metal inking plate, printer’s ink (a heavy black paste), ink roller, and
standard 8 in. 3 8 in. cards, you will be using supplies that are even easier to handle. Each student will prepare two index
cards, each bearing his or her thumbprint and index fingerprint of the right hand.



1. Obtain the following supplies and bring them to your bench: two 4 in. 3 6 in. index cards per student, Parelon fingerprint
pad or portable inking foils, ink cleaner towelettes, and a magnifying glass.

2. The subject should wash and dry the hands. Open the ink pad or peel back the covering over the ink foil, and position it
close to the edge of the laboratory bench. The subject should position himself or herself at arm’s length from the bench edge
and inking object.

3. A second student, called the operator, will stand to the left of the subject and with two hands will hold and direct the
movement of the subject’s fingertip. During this process, the subject should look away, try to relax, and refrain from trying
to help the operator.

4. The thumbprint is to be placed on the left side of the index card, the index fingerprint on the right. The operator should
position the subject’s thumb or index finger on the side of the bulb of the finger in such a way that the area to be inked spans
the distance from the fingertip to just beyond the first joint, and then roll the finger lightly across the inked surface until its
bulb faces in the opposite direction. To prevent smearing, the thumb is rolled toward the body midline (from right to left as
you see it; see Figure 7.9) and the index finger is rolled away from the body midline (from left to right). The same ink foil
can be reused for all the students at the bench; the ink pad is good for thousands of prints. Repeat the procedure (still using
the subject’s left hand) on the second index card.

5. If the prints are too light, too dark, or smeary, repeat the procedure.

6. While subsequent members are making clear prints of their thumb and index finger, those who have completed that
activity should clean their inked fingers with a towelette and attempt to classify their own prints as arches, loops, or whorls.
Use the magnifying glass as necessary to see ridge details.

7. When all members at a bench have completed the above steps, they are to write their names on the backs of their index
cards, then combine their cards and shuffle them before transferring them to the bench opposite for classification of pattern
and identification of prints made by the same individuals.

How difficult was it to classify the prints into one of the three categories given?

Why do you think this is so?

Was it easy or difficult to identify the prints made by the same individual?

Why do you think this was s0?

Objectives

1. To recount several important functions of the skin, or integumentary system.

2. To recognize and name during observation of an appropriate model, diagram, projected slide, or microscopic specimen
the following skin structures: epidermis, dermis (papillary and reticular layers), hair follicles and hair, sebaceous glands, and
sweat glands.

To name the layers of the epidermis and describe the characteristics of each.

To compare the properties of the epidermis to those of the dermis.

To describe the distribution and function of the skin derivatives—sebaceous glands, sweat glands, and hairs.
To differentiate between eccrine and apocrine sweat glands.

To enumerate the factors determining skin color.

To describe the function of melanin.

© N R



9. To identify the major regions of nails.
Materials

q Skin model (three-dimensional, if available)

g Compound microscope

q Prepared slide of human scalp

q Prepared slide of skin of palm or sole

q Sheet of #20 bond paper ruled to mark off cm?
areas

q Scissors

g Betadine swabs, or Lugol’s iodine and cotton swabs

q Adhesive tape

q Disposable gloves

q Data collection sheet for plotting distribution of sweat glands

q Parelon fingerprint pad or portable inking foils

q Ink cleaner towelettes

g Indexcards (4in.36in.)

q Magnifying glasses## Exercise 7

Fi gure 7.1 Skin structure. Three-dimensional view of the skin and the underlying hypodermis. The epidermis and dermis have
been pulled apart at the right corner to reveal the dermal papillae. The Integumentary System#

Figure 7.2 The main structural features in epidermis of thin skin. (a) Photomicrograph depicting the four major
epidermal layers. (b) Diagram showing the layers and relative distribution of the different cell types. Keratinocytes (tan) form the bulk
of the epidermis. Melanocytes (gray) produce the pigment melanin. Langerhans’ cells (blue) function as macrophages. A Merkel cell
(purple) associates with a sensory nerve ending (yellow) that extends from the dermis. The pair forms a Merkel disc (touch receptor).
Notice that the keratinocytes, but not the other cell types, are joined by numerous desmosomes. Only a portion of the stratum corneum
is illustrated in each case.# Exercise 7

Figure 7.3 Photograph of a deep (stage I11) decubitus ulcer. The Integumentary System#

Fi gure 7.4 Structure of a nail. (a) Surface view of the distal part of a finger showing nail parts. The nail matrix that forms the
nail lies beneath the lunula; the epidermis of the nail bed underlies the nail. (b) Sagittal section of the fingertip.# Exercise 7

Figure 7.5 Structure of a hair and hair follicle. (a) Diagram of a cross section of a hair within its follicle. (b)
Photomicrograph of a cross section of a hair and hair follicle (6003). (c) Diagram of a longitudinal view of the expanded hair bulb of
the follicle, which encloses the matrix, the actively dividing epithelial cells that produce the hair. (d) Photomicrograph of longitudinal
view of the hair bulb in the follicle (6003). The Integumentary System#

Figure 7.6 Photomicrographs of skin. (a) Thin skin with hairs (353). (b) Thick hairless skin (4003).#  Exercise 7

Figu re 7.7 Cutaneous glands. (a) Photomicrograph of a sebaceous gland (1203). (b) Photomicrograph of eccrine sweat gland
(2003). The Integumentary System#

Figure 7.8 Main types of fingerprint patterns. (a-b) Arches. (c-d) Loops. (e-f) Whorls.# Exercise 7
Figure 7.9 Method of inking the thumb (a) and index finger (b).
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Classification of Covering and Lining
Membranes

T he body membranes, which cover surfaces, line body cavities, and form protective (and often lubricating) sheets around
organs, fall into two major categories. These are the so-called epithelial membranes and the synovial membranes.

Epithelial Membranes

Most of the covering and lining epithelia take part in forming one of the three common varieties of epithelial membranes:
cutaneous, mucous, or serous. The term “epithelial membrane” is used in various ways. Here we will define an epithelial
membrane as a simple organ consisting of an epithelial sheet bound to an underlying layer of connective tissue proper.

The cutaneous membrane (Figure 8.1a) is the skin, a dry membrane with a keratinizing epithelium (the epidermis).
Since the skin is discussed in some detail in Exercise 7, the mucous and serous membranes will receive our attention here.

Mucous Membranes

The mucous membranes (mucosae)* are composed of epithelial cells resting on a layer of loose connective tissue called the
lamina propria. They line all body cavities that open to the body exterior—the respiratory, digestive (Figure 8.1b), and
urogenital tracts. In most cases mucosae are “wet” membranes, which are continuously bathed by secretions (or, in the case
of urinary mucosa, urine). Although mucous membranes often secrete mucus, this is not a requirement. The mucous
membranes of both the digestive and respiratory tracts secrete mucus; that of the urinary tract does not.

Activity 1:

Examining the Microscopic Structure of Mucous Membranes
Using Plates 33, 36, and 39 of the Histology Atlas as guides, examine slides made from cross sections of the trachea,
esophagus, and small intestine. Draw the mucosa of each in the appropriate circle, and fully identify each epithelial type.

Remember to look for the epithelial cells at the free surface. Also search the epithelial sheets for goblet cells—columnar
epithelial cells with a large mucus-containing vacuole (goblet) in their apical cytoplasm.

Which mucosae contain goblet cells?

Compare and contrast the roles of these three mucous
membranes.




n

Serous Membranes

The serous membranes (serosae) are also epithelial membranes (Figure 8.1¢). They are composed of a layer of simple
squamous epithelium on a scant amount of areolar connective tissue. The serous membranes generally occur in twos and are
actually continuous. The parietal layer lines a body cavity, and the visceral layer covers the outside of the organs in that
cavity. In contrast to the mucous membranes, which line open body cavities, the serous membranes line body cavities that are
closed to the exterior (with the exception of the female peritoneal cavity and the dorsal body cavity). These double-layered
serosae secrete a thin fluid (serous fluid) that lubricates the organs and body walls and thus reduces friction as the organs
slide across one another and against the body cavity walls. Inflammation of these membranes typically results in less serous
fluid being produced and excruciating pain.

A serous membrane also lines the interior of blood vessels (endothelium) and the heart (endocardium). In capillaries, the
entire wall is composed of serosa that serves as a selectively permeable membrane between the blood and the tissue fluid of
the body.

Activity 2:
Examining the Microscopic Structure of a Serous Membrane

Using Plates 27 and 39 of the Histology Atlas as guides, examine a prepared slide of a serous membrane and diagram it in
the circle provided here.

What are the specific names of the serous membranes covering the heart and lining the cavity in which it resides
(respectively)?

and
The abdominal viscera and visceral cavity (respectively)?

and n

Synovial Membranes

Synovial membranes, unlike mucous and serous membranes, are composed entirely of connective tissue; they contain no
epithelial cells. These membranes line the cavities surrounding the joints, providing a smooth surface and secreting a
lubricating fluid. They also line smaller sacs of connective tissue (bursae and tendon sheaths), which cushion structures
moving against each other, as during muscle activity. Figure 8.2 illustrates the position of a synovial membrane in the joint
cavity.

Activity 3:
Examining the Gross Structure
of a Synovial Membrane

If a freshly sawed beef joint is available, visually examine the interior surface of the joint capsule to observe the smooth
texture of the synovial membrane. A more detailed study of synovial membranes follows in Exercise 13. n

Objectives

1. To compare the structure and function of the major membrane types.



2. To list the general functions of each membrane type and indicate its location in the body.
To recognize by microscopic examination cutaneous, mucous, and serous membranes.

3.

4. Materials
g Compound microscope

q Prepared slides of trachea (x.s.), esophagus (x.s.), and small intestine (x.s.)

q Prepared slide of serous membrane (for example, mesentery artery and vein [x.s.] or small intestine[x.s.])
q Longitudinally cut fresh beef joint (if available)

See Appendix B, Exercise 8 for links to A.D.AM.® Interactive Anatomy.aia## Exercise 8

Figure 8.1 Epithelial. Epithelial membranes are composite membranes with epithelial and connective tissue elements. (a) The
cutaneous membrane, or skin, covers and protects the body surface. (b) Mucous membranes line body cavities (hollow organs) that open to
the exterior. (c) Serous membranes line the closed ventral cavity of the body. Three examples, the peritoneums, pericardia, and pleurae, are
illustrated here. Classification of Covering and Lining Membranes#

Mucosa Mucosa
of trachea of esophagus
Mucosa of

small intestine™Notice the spelling difference between mucous, an adjective describing the membrane type, and mucus, a noun indicating
the product of glands.# Exercise 8

Figure 8.2 General structure of a synovial joint. (a) The joint cavity is lined with a synovial membrane, derived solely from
connective tissue. (b) Scanning electron micrograph of synovial membrane (133).



exercise

Overview of the Skeleton: Classification and
Structure of Bones and Cartilages

T he skeleton, the body’s framework, is constructed of two of the most supportive tissues found in the human body—
cartilage and bone. In embryos, the skeleton is predominantly composed of hyaline cartilage, but in the adult, most of the
cartilage is replaced by more rigid bone. Cartilage persists only in such isolated areas as the external ear, bridge of the nose,
larynx, trachea, joints, and parts of the rib cage (see Figure 9.5, page 89).

Besides supporting and protecting the body as an internal framework, the skeleton provides a system of levers with
which the skeletal muscles work to move the body. In addition, the bones store lipids and many minerals (most importantly
calcium). Finally, the red marrow cavities of bones provide a site for hematopoiesis (blood cell formation).

The skeleton is made up of bones that are connected at joints, or articulations. The skeleton is subdivided into two
divisions: the axial skeleton (those bones that lie around the body’s center of gravity) and the appendicular skeleton (bones
of the limbs, or appendages) (Figure 9.1).

Before beginning your study of the skeleton, imagine for a moment that your bones have turned to putty. What if you
were running when this metamorphosis took place? Now imagine your bones forming a continuous metal framework within
your body, somewhat like a network of plumbing pipes. What problems could you envision with this arrangement? These
images should help you understand how well the skeletal system provides support and protection, as well as facilitating
movement.

Classification of Bones

The 206 bones of the adult skeleton are composed of two basic kinds of osseous tissue that differ in their texture. Compact
bone looks smooth and homogeneous; spongy (or cancellous) bone is composed of small trabeculae (bars) of bone and lots
of open space.

Bones may be classified further on the basis of their relative gross anatomy into four groups: long, short, flat, and
irregular bones.

Long bones, such as the femur and bones of the fingers (phalanges) (Figure 9.1), are much longer than they are wide,
generally consisting of a shaft with heads at either end. Long bones are composed predominantly of compact bone. Short
bones are typically cube shaped, and they contain more spongy bone than compact bone. The tarsals and carpals in Figure
9.1 are examples.

Flat bones are generally thin, with two waferlike layers of compact bone sandwiching a layer of spongy bone between
them. Although the name “flat bone” implies a structure that is level or horizontal, many flat bones are curved (for example,
the bones of the skull). Bones that do not fall into one of the preceding categories are classified as irregular bones. The
vertebrae are irregular bones (see Figure 9.1).

Some anatomists also recognize two other subcategories of bones. Sesamoid bones are special types of short bones
formed in tendons. The patellas (kneecaps) are sesamoid bones. Wormian or sutural bones are tiny bones between cranial
bones. Except for the patellas, the sesamoid and Wormian bones are not included in the bone count of 206 because they vary
in number and location in different individuals.



Bone Markings

Even a casual observation of the bones will reveal that bone surfaces are not featureless smooth areas but are scarred with an
array of bumps, holes, and ridges. These bone markings reveal where bones form joints with other bones, where muscles,
tendons, and ligaments were attached, and where blood vessels and nerves passed. Bone markings fall into two categories:
projections, or processes that grow out from the bone and serve as sites of muscle attachment or help form joints; and
depressions or cavities, indentations or openings in the bone that often serve as conduits for nerves and blood vessels. The
bone markings are summarized in Table 9.1.

Activity 1:
Examining and Classifying Bones

Examine the isolated (disarticulated) bones on display. See if you can find specific examples of the bone markings described
in Table 9.1. Then classify each of the bones into one of the four anatomical groups by recording its name or number in the
accompanying chart. Verify your identifications with your instructor before leaving the laboratory. n

Gross Anatomy of the
Typical Long Bone

Activity 2:
Examining a Long Bone

1. Obtain a long bone that has been sawed along its longitudinal axis. If a cleaned dry bone is provided, no special
preparations need be made.

Note: If the bone supplied is a fresh beef bone, don disposable gloves before beginning your observations.

With the help of Figure 9.2, identify the diaphysis or shaft. Observe its smooth surface, which is composed of compact bone.
If you are using a fresh specimen, carefully pull away the periosteum, or fibrous membrane covering, to view the bone
surface. Notice that many fibers of the periosteum penetrate into the bone. These fibers are called perforating (Sharpey’s)
fibers. Blood vessels and nerves travel through the periosteum and invade the bone. Osteoblasts (bone-forming cells) and
osteoclasts (bone-destroying cells) are found on the inner, or osteogenic, layer of the periosteum.

2. Now inspect the epiphysis, the end of the long bone. Notice that it is composed of a thin layer of compact bone that
encloses spongy bone.

3. ldentify the articular cartilage, which covers the epiph-yseal surface in place of the periosteum. Because it is composed
of glassy hyaline cartilage, it provides a smooth surface to prevent friction at joint surfaces.

4. If the animal was still young and growing, you will be able to see the epiphyseal plate, a thin area of hyaline cartilage
that provides for longitudinal growth of the bone during youth. Once the long bone has stopped growing, these areas are
replaced with bone and appear as thin, barely discernible remnants—the epiphyseal lines.

5. In an adult animal, the central cavity of the shaft (medullary cavity) is essentially a storage region for adipose tissue, or
yellow marrow. In the infant, this area is involved in forming blood cells, and so red marrow is found in the marrow
cavities. In adult bones, the red marrow is confined to the interior of the epiphyses, where it occupies the spaces between the
trabeculae of spongy bone.

6. If you are examining a fresh bone, look carefully to see if you can distinguish the delicate endosteum lining the shaft.
The endosteum also covers the trabeculae of spongy bone and lines the canals of compact bone. Like the periosteum, the
endosteum contains both osteoblasts and osteoclasts. As the bone grows in diameter on its external surface, it is constantly
being broken down on its inner surface. Thus the thickness of the compact bone layer composing the shaft remains relatively
constant.

7. If you have been working with a fresh bone specimen, return it to the appropriate area and properly dispose of
your gloves, as designated by your instructor. Wash your hands before continuing on to the microscope study. n



Longitudinal bone growth at epiphyseal plates (growth plates) follows a predictable sequence and provides a reliable
indicator of the age of children exhibiting normal growth. In cases in which problems of long-bone growth are suspected (for
example, pituitary dwarfism), X rays are taken to view the width of the growth plates. An abnormally thin epiphyseal plate
indicates growth retardation. |

Chemical Composition
of Bone

Bone is one of the hardest materials in the body. Although relatively light, bone has a remarkable ability to resist tension and
shear forces that continually act on it. An engineer would tell you that a cylinder (like a long bone) is one of the strongest
structures for its mass. Thus nature has given us an extremely strong, exceptionally simple (almost crude), and flexible
supporting system without sacrificing mobility.

The hardness of bone is due to the inorganic calcium salts deposited in its ground substance. Its flexibility comes from
the organic elements of the matrix, particularly the collagen fibers.

Activity 3:
Examining the Effects of Heat

and Hydrochloric Acid on Bones
Obtain a bone sample that has been soaked in hydrochloric acid (HCI) (or in vinegar) and one that has been baked. Heating

removes the organic part of bone, while acid dissolves out the minerals. Do the treated bones retain the structure of untreated
specimens?

Gently apply pressure to each bone sample. What happens to the heated bone?

What happens to the bone treated with acid?

What does the acid appear to remove from the bone?

What does baking appear to do to the bone?

In rickets, the bones are not properly calcified. Which of the demonstration specimens would more closely resemble the
bones of a child with rickets?




Microscopic Structure
of Compact Bone

As you have seen, spongy bone has a spiky, open-work appearance, resulting from the arrangement of the trabeculae that
compose it, whereas compact bone appears to be dense and homogeneous. However, microscopic examination of compact
bone reveals that it is riddled with passageways carrying blood vessels, nerves, and lymphatic vessels that provide the living
bone cells with needed substances and a way to eliminate wastes. Indeed, bone histology is much easier to understand when
you recognize that bone tissue is organized around its blood supply.

Activity 4:
Examining the Microscopic Structure of Compact Bone

1. Obtain a prepared slide of ground bone and examine it under low power. Using Figure 9.3 as a guide, focus on a central
canal. The central (Haversian) canal runs parallel to the long axis of the bone and carries blood vessels, nerves, and lymph
vessels through the bony matrix. Identify the osteocytes (mature bone cells) in lacunae (chambers), which are arranged in
concentric circles (circumferential lamellae) around the central canal. Because bone remodeling is going on all the time,
you will also see some interstitial lamellae, remnants of circumferential lamellae that have been broken down (Figure 9.3c).

A central canal and all the concentric lamellae surrounding it are referred to as an osteon, or Haversian system. Also
identify canaliculi, tiny canals radiating outward from a central canal to the lacunae of the first lamella and then from lamella
to lamella. The canaliculi form a dense transportation network through the hard bone matrix, connecting all the living cells of
the osteon to the nutrient supply. The canaliculi allow each cell to take what it needs for nourishment and to pass along the
excess to the next osteocyte. You may need a higher-power magnification to see the fine canaliculi.

2. Also note the perforating (Volkmann’s) canals in Figure 9.3. These canals run into the compact bone and marrow
cavity from the periosteum, at right angles to the shaft. With the central canals, the perforating canals complete the
communication pathway between the bone interior and its external surface.

3. Ifamodel of bone histology is available, identify the same structures on the model. n

Ossification: Bone Formation and Growth in Length

Except for the collarbones (clavicles), all bones of the body inferior to the skull form in the embryo by the process of
endochondral ossification, which uses hyaline cartilage “bones” as patterns for bone formation (Figure 9.4). The major
events of this process, which begins in the (primary ossification) center of the shaft of a developing long bone, are:

® Vascularization and conversion of the fibrous membrane covering the hyaline cartilage model to a periosteum,

® Osteoblasts at the inner surface of the periosteum secrete bone matrix around the hyaline cartilage model, forming a
bone collar, and

® Cartilage in the shaft center calcifies and then hollows out, forming an internal cavity.

A periosteal bud (blood vessels, nerves, red marrow elements, osteoblasts, and osteoclasts) invades the cavity, which
becomes the medullary cavity.

This process proceeds in both directions from the primary ossification center. The medullary cavity gets larger and
larger as chondroblasts lay down new cartilage matrix on the epiphyseal face of the epiphyseal plate, and it is eroded away
and replaced by bony spicules on the side facing the medullary cavity. This process continues until late adolescence when the
entire epiphyseal plate is replaced by bone.

Activity 5:
Examination of the Osteogenic Epiphyseal Plate



Obtain a slide depicting endochondral ossification (cartilage bone formation) and bring it to your bench to examine under the
microscope. Using Figure 9.4 as a reference, identify the growth, transformation, and osteogenic zones of the epiphyseal
plate. Then, also identify the area of resting cartilage cells distal to the growth zone, some hypertrophied chondrocytes, bony
spicules, the periosteal bone collar, and the medullary cavity. n

Cartilages of the Skeleton
Location and Basic Structure

As mentioned earlier, cartilaginous regions of the skeleton have a fairly limited distribution in adults (Figure 9.5). The most
important of these skeletal cartilages are (1) articular cartilages, which cover the bone ends at movable joints; (2) costal
cartilages, found connecting the ribs to the sternum (breastbone); (3) laryngeal cartilages, which largely construct the
larynx (voice box); (4) tracheal and bronchial cartilages, which reinforce other passageways of the respiratory system; (5)
nasal cartilages, which support the external nose; (6) intervertebral discs, which separate and cushion bones of the spine
(vertebrae); and (7) the cartilage supporting the external ear.

The skeletal cartilages consist of some variety of cartilage tissue, which typically consists primarily of water and is
fairly resilient. Cartilage tissues are also distinguished by the fact that they contain no nerves or blood vessels. Like bones,
each cartilage is surrounded by a covering of dense connective tissue, called a perichondrium (rather than a periosteum). The
perichondrium acts like a girdle to resist distortion of the cartilage when the cartilage is subjected to pressure. It also plays a
role in cartilage growth and repair.

Classification of Cartilage

The skeletal cartilages have representatives from each of the three cartilage tissue types—hyaline, elastic, and fibrocartilage.
Although you have already studied cartilage tissues (Exercise 6), some of that information will be recapped briefly here and
you will have a chance to review the microscopic structure unique to each cartilage type.

Activity 6:
Observing the Microscopic Structure of Different Types of
Cartilage

Obtain prepared slides of hyaline cartilage, elastic cartilage, and fibrocartilage and
bring them to your laboratory bench for viewing.

As you read through the descriptions of these cartilage types, keep in mind that the bulk of cartilage tissue consists of a
nonliving matrix (containing a jellylike ground substance and fibers) secreted by chondrocytes.

Hyaline Cartilage Hyaline cartilage looks like frosted glass when viewed by the unaided eye. As easily seen in Figure 9.5,
most skeletal cartilages are composed of hyaline cartilage. Its chondrocytes, snugly housed in lacunae, appear spherical, and
collagen fibers are the only fiber type in its matrix. Hyaline cartilage provides sturdy support with some resilience or “give.”
Draw a small section of hyaline cartilage in the circle below. Label the chrondrocytes, lacunae, and the cartilage matrix.
Compare your drawing to Figure 6.5g, page 60.

Elastic Cartilage Elastic cartilage can be envisioned as “hyaline cartilage with more elastic fibers.” Consequently, it is
much more flexible than hyaline cartilage, and it tolerates repeated bending better. Essentially, only the cartilages of the
external ear and the epiglottis (which flops over and covers the larynx when we swallow) are made of elastic cartilage. Focus
on how this cartilage differs from hyaline cartilage as you diagram it in the circle below. Compare your illustration to Figure
6.5h, page 60.

Fibrocartilage Fibrocartilage consists of rows of chondrocytes alternating with rows of thick collagen fibers. This tissue
looks like a cartilage-dense regular connective tissue hybrid, and it is always found where hyaline cartilage joins a tendon or
ligament. Fibrocartilage has great tensile strength and can withstand heavy compression. Hence, its use to construct the
intervertebral discs and the cartilages within the knee joint makes a lot of sense (see Figure 9.5). Sketch a section of this
tissue in the circle provided and then compare your sketch to the view seen in Figure 6.5i, page 61. n



Objectives

To list five functions of the skeletal system.

To identify the four main groups of bones.

To identify surface bone markings and functions.

To identify the major anatomical areas on a longitudinally cut long bone (or diagram of one).

To identify the major regions and structures of an osteon in a histologic specimen of compact bone (or
diagram of one).

To explain the role of the inorganic salts and organic matrix in providing flexibility and hardness to bone.
7. To locate and identify the three major types of skeletal cartilages.

Materials

q Disarticulated bones (identified by name or number) that demonstrate classic examples of the four bone
classifications (long, short, flat, and irregular)

q Long bone sawed longitudinally (beef bone from a slaughterhouse, if possible, or prepared laboratory
specimen)
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q Disposable gloves

q Long bone soaked in 10% hydrochloric acid (HCI) (or vinegar) until flexible

g Long bone baked at 250°F for more than 2 hours

q Compound microscope

q Prepared slide of ground bone (x.s.)

q Three-dimensional model of microscopic structure of compact bone

q Prepared slide of a developing long bone undergoing endochondral ossification
q Prepared slides of hyaline cartilage, elastic cartilage, and fibrocartilage

q Articulated skeleton## Exercise 9

Table 9.1  Bone MarkingsName of bone marking Description Illustration

Projections that are sites of muscle and ligament attachment

Tuberosity (too”be-ros™1-te) Large rounded projection;
may be roughened

Crest Narrow ridge of bone;
usually prominent

Trochanter (tro-kan’ter) Very large, blunt, irregularly
shaped process.
(The only examples are
on the femur.)

Line Narrow ridge of bone; less

prominent than a crest
Tubercle (too’ber-kl) Small rounded projection or process
Epicondyle (ep™1-kon’d11) Raised area on or above a condyle
Spine Sharp, slender, often pointed projection
Process Prominence or projection

Projections that help to form joints

Head Bony expansion carried on a narrow
neck



Facet Smooth, nearly flat articular surface

Condyle (kon’d11) Rounded articular projection

Ramus (ra’mus) Armlike bar of bone

Cavities

Antrum Chamber within a bone

Sinus Space within a bone, filled with air and lined

with mucous membrane

Depressions and openings allowing blood vessels and nerves to pass

Meatus (me-a’tus) Canal-like passageway
Fossa (fos’ah) Shallow, basinlike depression in a bone, often
serving as an articular surface
Groove Furrow
Fissure Narrow, slitlike opening
Foramen (fo-ra’men) Round or oval opening through a bone
(plural: foramina)
# Exercise 9 Long Short  Flat Irregular Overview of the Skeleton: Classification and Structure of

Bones and Cartilages#

Figu re 9.1 The human skeleton. The bones of the axial skeleton are colored green to distinguish them from the bones of the
appendicular skeleton.  Overview of the Skeleton: Classification and Structure of Bones and Cartilages#

Figure 9.2 The structure of a long bone (humerus of the arm). (a) Anterior view with longitudinal section cut away at the
proximal end. (b) Pie-shaped, three-dimensional view of spongy bone and compact bone of the epiphysis. (¢) Cross section of diaphysis
(shaft). Note that the external surface of the diaphysis is covered by a periosteum, but the articular surface of the epiphysis is covered with
hyaline cartilage.# Exercise 9Figure 9.3 Microscopic structure of compact bone. (a) Diagrammatic view of a pie-shaped
segment of compact bone, illustrating its structural units (osteons). (b) Higher magnification view of a portion of one osteon. Note the

position of osteocytes in lacunae. (c) Photomicrograph of a cross-sectional view of an osteon (1403). Overview of the Skeleton:
Classification and Structure of Bones and Cartilages#
Figure 9.4 Endochondral ossification in a developing long bone.# Exercise 9 Overview of the Skeleton:

Classification and Structure of Bones and Cartilages#

Figure 9.5 Cartilages in the adult skeleton and body. The cartilages that support the respiratory tubes and larynx are shown
separately above right.
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The Axial Skeleton

Objectives
1. To identify the three bone groups composing the axial skeleton.

2. To identify the bones composing the axial skeleton, either by examining isolated bones or by pointing them
out on an articulated skeleton or a skull, and to name the important bone markings on each.

3. To distinguish the different types of vertebrae.
4. To discuss the importance of intervertebral discs and spinal curvatures.
5. To distinguish three abnormal spinal curvatures.

Materials

q Intact skull and Beauchene skull

g Xrays of individuals with scoliosis, lordosis, and kyphosis (if available)

q Articulated skeleton, articulated vertebral column, removable intervertebral discs
q Isolated cervical, thoracic, and lumbar vertebrae, sacrum, and coccyx

See Appendix B, Exercise 10 for links to A.D.A.M.® Interactive Anatomy.asT he axial skeleton (the green
portion of Figure 9.1 on page 82) can be divided into three parts: the skull, the vertebral column, and the bony thorax.

The Skull

The skull is composed of two sets of bones. Those of the cranium enclose and protect the fragile brain tissue. The facial
bones present the eyes in an anterior position and form the base for the facial muscles, which make it possible for us to
present our feelings to the world. All but one of the bones of the skull are joined by interlocking joints called sutures. The
mandible, or lower jawbone, is attached to the rest of the skull by a freely movable joint.

Activity 1:

Identifying the Bones of the Skull

The bones of the skull, shown in Figures 10.1 through 10.7, are described below. As you read through this material, identify
each bone on an intact (and/or Beauchene*) skull.

Note that important bone markings are listed beneath the bones on which they appear and that a color-coded dot before
each bone name corresponds to the bone color in the figures. n

The Cranium

The cranium may be divided into two major areas for study—the cranial vault or calvaria, forming the superior, lateral, and
posterior walls of the skull, and the cranial floor or base, forming the skull bottom. Internally, the cranial floor has three



distinct concavities, the anterior, middle, and posterior cranial fossae (see Figure 10.3). The brain sits in these fossae,
completely enclosed by the cranial vault.

Eight large flat bones construct the cranium. With the exception of two paired bones (the parietals and the temporals),
all are single bones. Sometimes the six ossicles of the middle ear are also considered part of the cranium. Because the
ossicles are functionally part of the hearing apparatus, their consideration is deferred to Exercise 25, Special Senses: Hearing
and Equilibrium.

Frontal bone See Figures 10.1, 10.3, and 10.6. Anterior portion of cranium; forms the forehead, superior part of the
orbit, and floor of anterior cranial fossa.

Supraorbital foramen (notch): Opening above each orbit allowing blood vessels and nerves to pass.
Glabella: Smooth area between the eyes.

Parietal bone See Figures 10.1 and 10.6. Posterolateral to the frontal bone, forming sides of cranium.

Sagittal suture: Midline articulation point of the two parietal bones.
Coronal suture: Point of articulation of parietals with frontal bone.

Temporal bone See Figures 10.1 through 10.3 and 10.6. Inferior to parietal bone on lateral skull. The temporals can
be divided into four major parts: the squamous region abuts the parietals; the tympanic region surrounds the external ear

opening; the mastoid region is the area posterior to the ear; and the petrous region forms the lateral portion of the skull
base.

Important markings associated with the flaring squamous region (Figures 10.1 and 10.2) include:

Squamous suture: Point of articulation of the temporal bone with the parietal bone.

Zygomatic process: A bridgelike projection joining the zygomatic bone (cheekbone) anteriorly. Together these two bones
form the zygomatic arch.

Mandibular fossa: Rounded depression on the inferior surface of the zygomatic process (anterior to the ear); forms the
socket for the mandibular condyle, the point where the mandible (lower jaw) joins the cranium.

Tympanic region markings (Figures 10.1 and 10.2) include:

External auditory meatus: Canal leading to eardrum and middle ear.

Styloid (stylo5stake, pointed object) process: Needlelike projection inferior to external auditory meatus; attachment point for
muscles and ligaments of the neck. This process is often broken off demonstration skulls.

Prominent structures in the mastoid region (Figures 10.1 and 10.2) are:

Mastoid process: Rough projection inferior and posterior to external auditory meatus; attachment site for muscles.

The mastoid process, full of air cavities and so close to the middle ear—a trouble
spot for infections—often becomes infected too, a condition referred to as
mastoiditis. Because the mastoid area is separated from the brain by only a thin
layer of bone, an ear infection that has spread to the mastoid process can inflame
the brain coverings, or the meninges. The latter condition is known as meningitis. |

Stylomastoid foramen: Tiny opening between the mastoid and styloid processes through which cranial nerve VII leaves the
cranium.

The petrous region (Figures 10.2 and 10.3), which helps form the middle and posterior cranial fossae, exhibits several
obvious foramina with important functions:

Jugular foramen: Opening medial to the styloid process through which the internal jugular vein and cranial nerves IX, X,
and XI pass.

Carotid canal: Opening medial to the styloid process through which the internal carotid artery passes into the cranial cavity.



Internal acoustic meatus: Opening on posterior aspect (petrous region) of temporal bone allowing passage of cranial nerves
VIl and VIII (Figure 10.3).

Foramen lacerum: A jagged opening between the petrous temporal bone and the sphenoid providing passage for a number
of small nerves and for the internal carotid artery to enter the middle cranial fossa (after it passes through part of the temporal
bone).

Occipital bone See Figures 10.1, 10.2, 10.3, and 10.6. Most posterior bone of cranium—forms floor and back wall.
Joins sphenoid bone anteriorly via its narrow basioccipital region.
Lambdoid suture: Site of articulation of occipital bone and parietal bones.
Foramen magnum: Large opening in base of occipital, which allows the spinal cord to join with the brain.

Occipital condyles: Rounded projections lateral to the foramen magnum that articulate with the first cervical vertebra
(atlas).

Hypoglossal canal: Opening medial and superior to the occipital condyle through which the hypoglossal nerve (cranial
nerve XII) passes.

External occipital crest and protuberance: Midline prominences posterior to the foramen magnum.

Sphenoid bone See Figures 10.1 through 10.4 and 10.6. Bat-shaped bone forming the anterior plateau of the middle
cranial fossa across the width of the skull.
Greater wings: Portions of the sphenoid seen exteriorly anterior to the temporal and forming a part of the eye orbits.
Superior orbital fissures: Jagged openings in orbits providing passage for cranial nerves Ill, IV, V, and VI to enter the orbit
where they serve the eye.
The sphenoid bone can be seen in its entire width if the top of the cranium (calvaria) is removed (Figure 10.3).

Sella turcica (Turk’s saddle): A saddle-shaped region in the sphenoid midline which nearly encloses the pituitary gland. The
pituitary gland sits in the hypophyseal fossa portion of the sella turcica, abutted fore and aft respectively by the tuberculum
sellae and the dorsum sellae. The dorsum sellae terminates laterally in the posterior clinoid processes.

Lesser wings: Bat-shaped portions of the sphenoid anterior to the sella turcica. Posteromedially these terminate in the
pointed anterior clinoid processes, which provide an anchoring site for the dura mater (outermost membrane covering of
the brain).

Optic canals: Openings in the bases of the lesser wings through which the optic nerves enter the orbits to serve the eyes;
these foramina are connected by the chiasmatic groove.

Foramen rotundum: Opening lateral to the sella turcica providing passage for a branch of the fifth cranial nerve. (This
foramen is not visible on an inferior view of the skull.)

Foramen ovale: Opening posterior to the sella turcica that allows passage of a branch of the fifth cranial nerve.

Ethmoid bone See Figures 10.1, 10.3, 10.5, and 10.6. Irregularly shaped bone anterior to the sphenoid. Forms the roof
of the nasal cavity, upper nasal septum, and part of the medial orbit walls.

Crista galli (cock’s comb): Vertical projection providing a point of attachment for the dura mater, helping to secure the brain
within the skull.

Cribriform plates: Bony plates lateral to the crista galli through which olfactory fibers pass to the brain from the nasal
mucosa. Together the cribriform plates and the midline crista galli form the horizontal plate of the ethmoid bone.

Perpendicular plate: Inferior projection of the ethmoid that forms the superior part of the nasal septum.

Lateral masses: Irregularly shaped thin-walled bony regions flanking the perpendicular plate laterally. Their lateral surfaces
(orbital plates) shape part of the medial orbit wall.

Superior and middle nasal conchae (turbinates): Thin, delicately coiled plates of bone extending medially from the lateral
masses of the ethmoid into the nasal cavity. The conchae make air flow through the nasal cavity more efficient and greatly
increase the surface area of the mucosa that covers them, thus increasing the mucosa’s ability to warm and humidify
incoming air.

Facial Bones



Of the 14 bones composing the face, 12 are paired. Only the mandible and vomer are single bones. An additional bone, the
hyoid bone, although not a facial bone, is considered here because of its location.

Mandible See Figures 10.1, 10.6, and 10.7. The lower jawbone, which articulates with the temporal bones in the only
freely movable joints of the skull.

Mandibular body: Horizontal portion; forms the chin.

Mandibular ramus: Vertical extension of the body on either side.

Mandibular condyle: Articulation point of the mandible with the mandibular fossa of the temporal bone.
Coronoid process: Jutting anterior portion of the ramus; site of muscle attachment.

Mandibular angle: Posterior point at which ramus meets the body.

Mental foramen: Prominent opening on the body (lateral to the midline) that transmits the mental blood vessels and nerve to
the lower jaw.

Mandibular foramen: Open the lower jaw of the skull to identify this prominent foramen on the medial aspect of the
mandibular ramus. This foramen permits passage of the nerve involved with tooth sensation (mandibular branch of cranial
nerve V) and is the site where the dentist injects Novocain to prevent pain while working on the lower teeth.

Alveolar margin: Superior margin of mandible; contains sockets in which the teeth lie.
Mandibular symphysis: Anterior median depression indicating point of mandibular fusion.

Maxillae See Figures 10.1, 10.2, 10.6, and 10.7. Two bones fused in a median suture; form the upper jawbone and part
of the orbits. All facial bones, except the mandible, join the maxillae. Thus they are the main, or keystone, bones of the face.
Alveolar margin: Inferior margin containing sockets (alveoli) in which teeth lie.

Palatine processes: Form the anterior hard palate.

Infraorbital foramen: Opening under the orbit carrying the infraorbital nerves and blood vessels to the nasal region.
Incisive fossa: Large bilateral opening located posterior to the central incisor tooth of the maxilla and piercing the hard
palate; transmits the nasopalatine arteries and blood vessels.

Palatine bone See Figure 10.2 Paired bones posterior to the
palatine processes; form posterior hard palate and part of the orbit.
Zygomatic bone See Figures 10.1, 10.2, and 10.6. Lateral to the maxilla; forms the portion of the face commonly
called the cheekbone, and forms part of the lateral orbit. Its three processes are named for the bones with which they
articulate.

Lacrimal bone See Figures 10.1 and 10.6. Fingernail-sized bones forming a part of the medial orbit walls between the
maxilla and the ethmoid. Each lacrimal bone is pierced by an opening, the lacrimal fossa, which serves as a passageway for
tears (lacrima = “tear”).

Nasal bone See Figures 10.1 and 10.6. Small rectangular bones forming the bridge of the nose.

Vomer (vomer 5 plow) See Figures 10.2 and 10.6. Blade-shaped bone in median plane of nasal cavity that forms the
posterior and inferior nasal septum.

Inferior nasal conchae (turbinates) See Figure 10.6. Thin curved bones protruding medially from the lateral walls
of the nasal cavity; serve the same purpose as the turbinate portions of the ethmoid bone (described earlier).

Hyoid Bone

Not really considered or counted as a skull bone, the hyoid bone is located in the throat above the larynx (Figure 10.8) where
it serves as a point of attachment for many tongue and neck muscles. It does not articulate with any other bone and is thus
unique. It is horseshoe-shaped with a body and two pairs of horns, or cornua.

Paranasal Sinuses



Four skull bones—maxillary, sphenoid, ethmoid, and frontal—contain sinuses (mucosa-lined air cavities), which lead into
the nasal passages (see Figures 10.5 and 10.9). These paranasal sinuses lighten the facial bones and may act as resonance
chambers for speech. The maxillary sinus is the largest of the sinuses found in the skull.

Sinusitis, or inflammation of the sinuses, sometimes occurs as a result of an allergy or bacterial invasion of the sinus
cavities. In such cases, some of the connecting passageways between the sinuses and nasal passages may become blocked
with thick mucus or infectious material. Then, as the air in the sinus cavities is absorbed, a partial vacuum forms. The result
is a sinus headache localized over the inflamed sinus area. Severe sinus infections may require surgical drainage to relieve
this painful condition. |

Activity 2:
Palpating Skull Markings

Palpate the following areas on yourself:

® Zygomatic bone and arch. (The most prominent part of your cheek is your zygomatic bone. Follow the posterior course
of the zygomatic arch to its junction with your temporal bone.)

®  Mastoid process (the rough area behind your ear).
®  Temporomandibular joints. (Open and close your jaws to locate these.)

®  Greater wing of sphenoid. (Find the indentation posterior to the orbit and superior to the zygomatic arch on your lateral
skull.)

®  Supraorbital foramen. (Apply firm pressure along the superior orbital margin to find the indentation resulting from this
foramen.)

® Infraorbital foramen. (Apply firm pressure just inferior to the inferomedial border of the orbit to locate this large
foramen.)

® Mandibular angle (most inferior and posterior aspect of the mandible).
®  Mandibular symphysis (midline of chin).

® Nasal bones. (Run your index finger and thumb along opposite sides of the bridge of your nose until they “slip” medially
at the inferior end of the nasal bones.)

® External occipital protuberance. (This midline projection is easily felt by running your fingers up the furrow at the back
of your neck to the skull.)

® Hyoid bone. (Place a thumb and index finger beneath the chin just anterior to the mandibular angles, and squeeze gently.
Exert pressure with the thumb, and feel the horn of the hyoid with the index finger.) n

The Vertebral Column

The vertebral column, extending from the skull to the pelvis, forms the body’s major axial support. Additionally, it
surrounds and protects the delicate spinal cord while allowing the spinal nerves to issue from the cord via openings between
adjacent vertebrae. The term vertebral column might suggest a rather rigid supporting rod, but this is far from the truth. The
vertebral column consists of 24 single bones called vertebrae and two composite, or fused, bones (the sacrum and coccyx)
that are connected in such a way as to provide a flexible curved structure (Figure 10.10). Of the 24 single vertebrae, the
seven bones of the neck are called cervical vertebrae; the next 12 are thoracic vertebrae; and the 5 supporting the lower
back are lumbar vertebrae. Remembering common mealtimes for breakfast, lunch, and dinner (7 A.M., 12 noon, and 5 P.M.)
may help you to remember the number of bones in each region.



The vertebrae are separated by pads of fibrocartilage, intervertebral discs, that cushion the vertebrae and absorb

shocks. Each disc is composed of two major regions, a central gelatinous nucleus pulposus that behaves like a fluid, and an
outer ring of encircling collagen fibers called the annulus fibrosus that stabilizes the disc and contains the pulposus.
As a person ages, the water content of the discs decreases (as it does in other tissues throughout the body), and the discs
become thinner and less compressible. This situation, along with other degenerative changes such as weakening of the
ligaments and tendons of the vertebral column, predisposes older people to ruptured discs. In a ruptured disc, the nucleus
pulposus herniates through the annulus portion and typically compresses adjacent nerves. |

The presence of the discs and the S-shaped or springlike construction of the vertebral column prevent shock to the head
in walking and running and provide flexibility to the body trunk. The thoracic and sacral curvatures of the spine are referred
to as primary curvatures because they are present and well developed at birth. Later the secondary curvatures are formed.
The cervical curvature becomes prominent when the baby begins to hold its head up independently, and the lumbar curvature
develops when the baby begins to walk.

Activity 3:

Examining Spinal Curvatures

1. Observe the normal curvature of the vertebral column in the articulated vertebral column or laboratory skeleton, and
compare it to Figure 10.10. Then examine Figure 10.11, which depicts three abnormal spinal curvatures—scoliosis, kyphosis,

and lordosis. These abnormalities may result from disease or poor posture. Also examine X rays, if they are available,
showing these same conditions in a living patient.

2. Then, using the articulated vertebral column (or an articulated skeleton), examine the freedom of movement between
two lumbar vertebrae separated by an intervertebral disc.

When the fibrous disc is properly positioned, are the spinal cord or peripheral nerves impaired in any way?

Remove the disc and put the two vertebrae back together. What happens to the nerve?

What would happen to the spinal nerves in areas of malpositioned or “slipped” discs?

n

Structure of a Typical Vertebra
Although they differ in size and specific features, all vertebrae have some features in common (Figure 10.12).

Body (or centrum): Rounded central portion of the vertebra, which faces anteriorly in the human vertebral column.

Vertebral arch: Composed of pedicles, laminae, and a spi-nous process, it represents the junction of all posterior extensions
from the vertebral body.

Vertebral (spinal) foramen: Opening enclosed by the body and vertebral arch; a conduit for the spinal cord.
Transverse processes: Two lateral projections from the vertebral arch.
Spinous process: Single medial and posterior projection from the vertebral arch.

Superior and inferior articular processes: Paired projections lateral to the vertebral foramen that enable articulation with
adjacent vertebrae. The superior articular processes typically face toward the spinous process (posteriorly), whereas the
inferior articular processes face (anteriorly) away from the spinous process.

Intervertebral foramina: The right and left pedicles have notches (see Figure 10.14) on their inferior and superior surfaces
that create openings, the intervertebral foramina, for spinal nerves to leave the spinal cord between adjacent vertebrae.

Figures 10.13 through 10.15 and Table 10.1 show how specific vertebrae differ; refer to them as you read the following
sections.



Cervical Vertebrae

The seven cervical vertebrae (referred to as Cq through C7) form the neck portion of the vertebral column. The first two
cervical vertebrae (atlas and axis) are highly modified to perform special functions (see Figure 10.13). The atlas (C1) lacks a
body, and its lateral processes contain large concave depressions on their superior surfaces that receive the occipital condyles
of the skull. This joint enables you to nod “yes.” The axis (C2) acts as a pivot for the rotation of the atlas (and skull) above.
It bears a large vertical process, the dens, or odontoid process, that serves as the pivot point. The articulation between Cq
and C» allows you to rotate your head from side to side to indicate “no.”

The more typical cervical vertebrae (C5 through C7) are distinguished from the thoracic and lumbar vertebrae by several
features (see Table 10.1 and Figure 10.14). They are the smallest, lightest vertebrae, and the vertebral foramen is triangular.
The spinous process is short and often bifurcated (divided into two branches). The spinous process of C7 is not branched,
however, and is substantially longer than that of the other cervical vertebrae. Because the spinous process of C7 is visible
through the skin, it is called the vertebra prominens (Figure 10.10) and is used as a landmark for counting the vertebrae.
Transverse processes of the cervical vertebrae are wide, and they contain foramina through which the vertebral arteries pass

superiorly on their way to the brain. Any time you see these foramina in a vertebra, you can be sure that it is a cervical
vertebra.

® Palpate your vertebra prominens.

Thoracic Vertebrae

The 12 thoracic vertebrae (referred to as Tq through T12) may be recognized by the following structural characteristics. As

shown in Figure 10.14, they have a larger body than the cervical vertebrae. The body is somewhat heart-shaped, with two
small articulating surfaces, or costal facets, on each side (one superior, the other inferior) close to the origin of the vertebral
arch. Sometimes referred to as costal demifacets because of their small size, these facets articulate with the heads of the
corresponding ribs. The vertebral foramen is oval or round, and the spinous process is long, with a sharp downward hook.
The closer the thoracic vertebra is to the lumbar region, the less sharp and shorter the spinous process. Articular facets on the
transverse processes articulate with the tubercles of the ribs. Besides forming the thoracic part of the spine, these vertebrae
form the posterior aspect of the bony thoracic cage (rib cage). Indeed, they are the only vertebrae that articulate with the ribs.

Lumbar Vertebrae

The five lumbar vertebrae (L1 through Lg) have massive blocklike bodies and short, thick, hatchet-shaped spinous processes

extending directly backward (see Table 10.1 and Figure 10.14). The superior articular facets face posteromedially; the
inferior ones are directed anterolaterally. These structural features reduce the mobility of the lumbar region of the spine.
Since most stress on the vertebral column occurs in the lumbar region, these are also the sturdiest of the vertebrae.

The spinal cord ends at the superior edge of Ly, but the outer covering of the cord, filled with cerebrospinal fluid,

extends an appreciable distance beyond. Thus a lumbar puncture (for examination of the cerebrospinal fluid) or the
administration of “saddle block” anesthesia for childbirth is normally done between L3 and L4 or L4 and Lg, where there is

little or no chance of injuring the delicate spinal cord.

The Sacrum

The sacrum (Figure 10.15) is a composite bone formed from the fusion of five vertebrae. Superiorly it articulates with L,

and inferiorly it connects with the coccyx. The median sacral crest is a remnant of the spinous processes of the fused
vertebrae. The winglike alae, formed by fusion of the transverse processes, articulate laterally with the hip bones. The
sacrum is concave anteriorly and forms the posterior border of the pelvis. Four ridges (lines of fusion) cross the anterior part
of the sacrum, and sacral foramina are located at either end of these ridges. These foramina allow blood vessels and nerves
to pass. The vertebral canal continues inside the sacrum as the sacral canal and terminates near the coccyx via an enlarged
opening called the sacral hiatus. The sacral promontory (anterior border of the body of Sq) is an important anatomical

landmark for obstetricians.



® Attempt to palpate the median sacral crest of your sacrum. (This is more easily done by thin people and obviously in
privacy.)

The Coccyx

The coccyx (see Figure 10.15) is formed from the fusion of three to five small irregularly shaped vertebrae. It is literally the
human tailbone, a vestige of the tail that other vertebrates have. The coccyx is attached to the sacrum by ligaments.

Activity 4:
Examining Vertebral Structure

Obtain examples of each type of vertebra and examine them carefully, comparing them to Figures 10.13, 10.14, 10.15 and
Table 10.1, and to each other. n

The Bony Thorax

The bony thorax is composed of the sternum, ribs, and thoracic vertebrae (Figure 10.16). It is also referred to as the
thoracic cage because of its appearance and because it forms a protective cone-shaped enclosure around the organs of the
thoracic cavity (heart and lungs, for example).

The Sternum

The sternum (breastbone), a typical flat bone, is a result of the fusion of three bones—the manubrium, body, and xiphoid
process. It is attached to the first seven pairs of ribs. The superiormost manubrium looks like the knot of a tie; it articulates
with the clavicle (collarbone) laterally. The body (gladiolus) forms the bulk of the sternum. The xiphoid process constructs
the inferior end of the sternum and lies at the level of the fifth intercostal space. Although it is made of hyaline cartilage in
children, it is usually ossified in adults.
In some people, the xiphoid process projects dorsally. This may present a problem because physical trauma to the chest can
push such a xiphoid into the heart or liver (both immediately deep to the process), causing massive hemorrhage. |

The sternum has three important bony landmarks—the jugular notch, the sternal angle, and the xiphisternal joint. The
jugular notch (concave upper border of the manubrium) can be palpated easily; generally it is at the level of the third
thoracic vertebra. The sternal angle is a result of the manubrium and body meeting at a slight angle to each other, so that a
transverse ridge is formed at the level of the second ribs. It provides a handy reference point for counting ribs to locate the
second intercostal space for listening to certain heart valves, and is an important anatomical landmark for thoracic surgery.
The xiphisternal joint, the point where the sternal body and xiphoid process fuse, lies at the level of the ninth thoracic
vertebra.

®  Palpate your sternal angle and jugular notch.

Because of its accessibility, the sternum is a favored site for obtaining samples of blood-forming (hematopoietic) tissue
for the diagnosis of suspected blood diseases. A needle is inserted into the marrow of the sternum and the sample withdrawn
(sternal puncture).

The Ribs

The 12 pairs of ribs form the walls of the thoracic cage (see Figures 10.16 and 10.17).
All of the ribs articulate posteriorly with the vertebral column via their heads and
tubercles and then curve downward and toward the anterior body surface. The first
seven pairs, called the true, or vertebrosternal, ribs, attach directly to the sternum by
their “own” costal cartilages. The next five pairs are called false ribs; they attach



indirectly to the sternum or entirely lack a sternal attachment. Of these, rib pairs 8-
10, which are also called vertebrochondral ribs, have indirect cartilage attachments
to the sternum via the costal cartilage of rib 7. The last two pairs, called floating, or
vertebral, ribs, have no sternal attachment.

Activity 5:
Examining the Relationship
Between Ribs and Vertebrae

First take a deep breath to expand your chest. Notice how your ribs seem to move outward and how your sternum rises. Then
examine an articulated skeleton to observe the relationship between the ribs and the vertebrae.

Refer to Activity 3 (“Palpating Landmarks of the Trunk”) and Activity 4 (“Palpating Landmarks of the Abdomen”) in
Exercise 46, Surface Anatomy Roundup. n*Two views (Plates A and B) of a Beauchene skull are provided in the Human Anatomy
Atlas.# The Axial Skeleton#

Table 10.1 Regional Characteristics of Cervical, Thoracic, and Lumbar VertebraeCharacteristic  (a) Cervical
(C3=C7) (b) Thoracic  (c) Lumbar

Body

Spinous process

Vertebral foramen

Transverse processes

Superior and inferior
articulating processes

Movements allowed



Small, wide side to side

Short; bifid; projects directly posteriorly
Triangular

Contain foramina

Superior facets directed
superoposteriorly

Inferior facets directed
inferoanteriorly

Flexion and extension;
lateral flexion; rotation;

the spine region with the
greatest range of movement



Larger than cervical; heart-shaped; bears two costal facets

Long; sharp; projects inferiorly

Circular

Bear facets for ribs (except Tq1 and T15)

Superior facets directed
posteriorly

Inferior facets directed
anteriorly

Rotation; lateral flexion possible but limited by ribs; flexion and extension prevented



Massive; kidney-shaped

Short; blunt; projects
directly posteriorly

Triangular

Thin and tapered

Superior facets directed
posteromedially (or medially)

Inferior facets directed
anterolaterally (or laterally)

Flexion and extension;
some lateral flexion;
rotation prevented

Figure 10.1 External anatomy of the right lateral aspect of the skull.# Exercise 10
Figure 10.2 Inferior superficial view of the skull, mandible removed.

Figure 10.3 Internal anatomy of the inferior portion of the skull.
(a) Superior view of the floor of the cranial cavity, calvaria removed.
(b) Schematic view of the cranial cavity floor showing the extent of its major fossae. The Axial Skeleton#

Figure 10.4 The sphenoid bone.#  Exercise 10
Figure 10.5 The ethmoid bone. Anterior view. The Axial Skeleton#

Figure 10.6 Anatomy of the anterior and posterior aspects of the skull.
(a) Anterior aspect. (b) Posterior aspect.# Exercise 10

Figure 10.7 Detailed anatomy of some isolated facial bones. (Note that the mandible and maxilla are not drawn in
proportion to each other.)

Figure 10.8 Hyoid bone.  The Axial Skeleton#

Fi gure 10.9 Paranasal sinuses. (a) Anterior “see-through” view. (b) As seen in a sagittal section of the head.
(c) Skull X ray showing three of the paranasal sinuses, anterior view.# Exercise 10

Figure 10.10 The vertebral column. Notice the curvatures in the lateral view. (The terms convex and concave refer to the
curvature of the posterior aspect of the vertebral column.) The Axial Skeleton#

Figure 10.12 A typical vertebra, superior view. Inferior articulating surfaces not shown.
Figure 10.11 Abnormal spinal curvatures.# Exercise 10
Figure 10.13 Cervical vertebrae Cq and Cy.The Axial Skeleton#

Figure 10.14 Superior and right lateral views of typical vertebrae. (a) Cervical. (b) Thoracic. (c) Lumbar.# Exercise
10

Figure 10.15 Sacrumand coccyx. The Axial Skeleton#

Figure 10.16 The bony thorax. (a) Skeleton of the bony thorax, anterior view (costal cartilages are shown in blue). (b) Left
lateral view of the thorax, illustrating the relationship of the surface anatomical landmarks of the thorax to the vertebral column (thoracic
portion).# Exercise 10

Figure 10.17 Structure of a “typical” true rib and its articulations. (a) Vertebral and sternal articulations of a typical
true rib. (b) Superior view of the articulation between a rib and a thoracic vertebra, with costovertebral ligaments shown on left side only.
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The Appendicular
Skeleton

T he appendicular skeleton (the gold-colored portion of Figure 9.1) is composed of the 126 bones of the appendages and
the pectoral and pelvic girdles, which attach the limbs to the axial skeleton. Although the upper and lower limbs differ in
their functions and mobility, they have the same fundamental plan, with each limb composed of three major segments
connected together by freely movable joints.

Activity 1:
Examining and ldentifying Bones
of the Appendicular Skeleton

Carefully examine each of the bones described throughout this exercise and identify the characteristic bone markings of
each. The markings aid in determining whether a bone is the right or left member of its pair; for example, the glenoid cavity
is on the lateral aspect of the scapula and the spine is on its posterior aspect. This is a very important instruction because you
will be constructing your own skeleton to finish this laboratory exercise. Additionally, when corresponding X rays are
available, compare the actual bone specimen to its X-ray image. n

Bones of the Pectoral Girdle and Upper Extremity
The Pectoral (Shoulder) Girdle

The paired pectoral, or shoulder, girdles (Figure 11.1) each consist of two bones—the anterior clavicle and the posterior
scapula. The shoulder girdles function to attach the upper limbs to the axial skeleton. In addition, the shoulder girdles serve
as attachment points for many trunk and neck muscles.

The clavicle, or collarbone, is a slender doubly curved bone—convex forward on its medial two-thirds and concave
laterally. Its sternal (medial) end, which attaches to the sternal manubrium, is rounded or triangular in cross section. The
sternal end projects above the manubrium and can be felt and (usually) seen forming the lateral walls of the jugular notch
(see Figure 10.16, page 103). The acromial (lateral) end of the clavicle is flattened where it articulates with the scapula to
form part of the shoulder joint. On its posteroinferior surface is the prominent conoid tubercle (Figure 11.2a). This
projection anchors a ligament and provides a handy landmark for determining whether a given clavicle is from the right or
left side of the body. The clavicle serves as an anterior brace, or strut, to hold the arm away from the top of the thorax.

The scapulae (Figure 11.2c—e), or shoulder blades, are generally triangular and are commonly called the “wings” of
humans. Each scapula has a flattened body and two important processes—the acromion (the enlarged end of the spine of the
scapula) and the beaklike coracoid process (corac 5 crow, raven). The acromion connects with the clavicle; the coracoid
process points anteriorly over the tip of the shoulder joint and serves as an attachment point for some of the upper limb
muscles. The suprascapular notch at the base of the coracoid process allows nerves to pass. The scapula has no direct
attachment to the axial skeleton but is loosely held in place by trunk muscles.

The scapula has three angles: superior, inferior, and lateral. The inferior angle provides a landmark for auscultating
(listening to) lung sounds. The scapula also has three named borders: superior, medial (vertebral), and lateral (axillary).



Several shallow depressions (fossae) appear on both sides of the scapula and are named according to location; there are the
anterior subscapular fossa and the posterior infraspinous and supraspinous fossae. The glenoid cavity, a shallow socket that
receives the head of the arm bone (humerus), is located in the lateral angle.

The shoulder girdle is exceptionally light and allows the upper limb a degree of mobility not seen anywhere else in the
body. This is due to the following factors:

® The sternoclavicular joints are the only site of attachment of the shoulder girdles to the axial skeleton.

® The relative looseness of the scapular attachment allows it to slide back and forth against the thorax with muscular
activity.

® The glenoid cavity is shallow and does little to stabilize the shoulder joint.

However, this exceptional flexibility exacts a price: the arm bone (humerus) is very susceptible to dislocation, and fracture of
the clavicle disables the entire upper limb.

The Arm

The arm (Figure 11.3) consists of a single bone—the humerus, a typical long bone. Proximally its rounded head fits into the
shallow glenoid cavity of the scapula. The head is separated from the shaft by the anatomical neck and the more constricted
surgical neck, which is a common site of fracture. Opposite the head are two prominences, the greater and lesser tubercles
(from lateral to medial aspect), separated by a groove (the intertubercular sulcus, or bicipital, groove) that guides the
tendon of the biceps muscle to its point of attachment (the superior rim of the glenoid cavity). In the midpoint of the shaft is a
roughened area, the deltoid tuberosity, where the large fleshy shoulder muscle, the deltoid, attaches. Nearby, the radial
groove runs obliquely, indicating the pathway of the radial nerve.

Text continues on page 108

At the distal end of the humerus are two condyles—the medial trochlea (looking rather like a spool), which articulates
with the ulna, and the lateral capitulum, which articulates with the radius of the forearm. This condyle pair is flanked
medially by the medial epicondyle and laterally by the lateral epicondyle.

The medial epicondyle is commonly called the “funny bone.” The ulnar nerve runs in a groove beneath the medial
epicondyle, and when this region is sharply bumped, we are likely to experience a temporary, but excruciatingly painful,
tingling sensation. This event is called “hitting the funny bone,” a strange expression, because it is certainly not funny!

Above the trochlea on the anterior surface is the coronoid fossa; on the posterior surface is the olecranon fossa. These
two depressions allow the corresponding processes of the ulna to move freely when the elbow is flexed and extended. The
small radial fossa, lateral to the coronoid fossa, receives the head of the radius when the elbow is flexed.

The Forearm

Two bones, the radius and the ulna, compose the skeleton of the forearm, or antebrachium (see Figure 11.4). When the body
is in the anatomical position, the radius is in the lateral position in the forearm, and the radius and ulna are parallel.
Proximally, the disc-shaped head of the radius articulates with the capitulum of the humerus. Just below the head, on the
medial aspect of the shaft, is a prominence called the radial tuberosity, the point of attachment for the tendon of the biceps
muscle of the arm. Distally, the small ulnar notch reveals where it articulates with the end of the ulna.

The ulna is the medial bone of the forearm. Its proximal end bears the anterior coronoid process and the posterior
olecranon process, which are separated by the trochlear notch. Together these processes grip the trochlea of the humerus in
a plierslike joint. The small radial notch on the lateral side of the coronoid process articulates with the head of the radius.
The slimmer distal end, the ulnar head, bears a small medial styloid process, which serves as a point of attachment for the
ligaments of the wrist.

The Hand

The skeleton of the hand, or manus (Figure 11.5), includes three groups of bones, those of the carpus (wrist), the metacarpals
(bones of the palm), and the phalanges (bones of the fingers).

The wrist is the proximal portion of the hand. It is referred to anatomically as the carpus; the eight bones composing it
are the carpals. (So you actually wear your wristwatch over the distal part of your forearm.) The carpals are arranged in two
irregular rows of four bones each, which are illustrated in Figure 11.5. In the proximal row (lateral to medial) are the



scaphoid, lunate, triquetral, and pisiform bones; the scaphoid and lunate articulate with the distal end of the radius. In the
distal row are the trapezium, trapezoid, capitate, and hamate. The carpals are bound closely together by ligaments, which
restrict movements between them.

The metacarpals, numbered 1 to 5 from the thumb side of the hand toward the little finger, radiate out from the wrist
like spokes to form the palm of the hand. The bases of the metacarpals articulate with the carpals of the wrist; their more
bulbous heads articulate with the phalanges of the fingers distally. When the fist is clenched, the heads of the metacarpals
become prominent as the knuckles.

Like the bones of the palm, the fingers are numbered from 1 to 5, beginning from the thumb (pollex) side of the hand.
The 14 bones of the fingers, or digits, are miniature long bones, called phalanges (singular, phalanx) as noted above. Each
finger contains three phalanges (proximal, middle, and distal) except the thumb, which has only two (proximal and distal).

Activity 2:
Palpating the Surface Anatomy of the Pectoral Girdle and
the Upper Limb

Before continuing on to study the bones of the pelvic girdle, take the time to identify the following bone markings on the
skin surface of the upper limb. It is usually preferable to palpate the bone markings on your lab partner since many of these
markings can only be seen from the dorsal aspect.

® Clavicle: Palpate the clavicle along its entire length from sternum to shoulder.

® Acromioclavicular joint: The high point of the shoulder, which represents the junction point between the clavicle and the
acromion of the scapular spine.

® Spine of the scapula: Extend your arm at the shoulder so that your scapula moves posteriorly. As you do this, your
scapular spine will be seen as a winglike protrusion on your dorsal thorax and can be easily palpated by your lab partner.

® Lateral epicondyle of the humerus: The inferiormost projection at the lateral aspect of the distal humerus. After you have
located the epicondyle, run your finger posteriorly into the hollow immediately dorsal to the epicondyle. This is the site
where the extensor muscles of the hand are attached and is a common site of the excruciating pain of tennis elbow, a
condition in which those muscles and their tendons are abused physically.

® Medial epicondyle of the humerus: Feel this medial projection at the distal end of the humerus.

® Olecranon process of the ulna: Work your elbow—flexing and extending—as you palpate its dorsal aspect to feel the
olecranon process of the ulna moving into and out of the olecranon fossa on the dorsal aspect of the humerus.

® Styloid process of the ulna: With the hand in the anatomical position, feel out this small inferior projection on the medial
aspect of the distal end of the ulna.

® Styloid process of the radius: Find this projection at the distal end of the radius (lateral aspect). It is most easily located
by moving the hand medially at the wrist. Once you have palpated the styloid process, move your fingers just medially onto
the anterior wrist. Press firmly and then let up slightly on the pressure. You should be able to feel your pulse at this pressure
point, which lies over the radial artery (radial pulse).

® Pisiform: Just distal to the styloid process of the ulna, feel the rounded pealike pisiform bone.

® Metacarpophalangeal joints (knuckles): Clench your fist and find the first set of flexed-joint protrusions beyond the
wrist—these are your metacarpophalangeal joints. n

Bones of the Pelvic Girdle and Lower Limb
The Pelvic (Hip) Girdle



As with the bones of the pectoral girdle and upper limb, pay particular attention to bone markings needed to identify right
and left bones.

The pelvic girdle, or hip girdle (Figure 11.6), is formed by
the two coxal (coxa 5 hip) bones (also called the ossa coxae, or hip
bones). The two coxal bones together with the sacrum and coccyx
form the bony pelvis. In contrast to the bones of the shoulder
girdle, those of the pelvic girdle are heavy and massive, and they
attach securely to the axial skeleton. The sockets for the heads of
the femurs (thigh bones) are deep and heavily reinforced by
ligaments to ensure a stable, strong limb attachment. The ability to
bear weight is more important here than mobility and flexibility.
The combined weight of the upper body rests on the pelvis
(specifically, where the hip bones meet the sacrum).

Each coxal bone is a result of the fusion of three bones—the ilium, ischium, and pubis—which are distinguishable in the
young child. The ilium, a large flaring bone, forms the major portion of the coxal bone. It connects posteriorly, via its
auricular surface, with the sacrum at the sacroiliac joint. The superior margin of the iliac bone, the iliac crest, is rough;
when you rest your hands on your hips, you are palpating your iliac crests. The iliac crest terminates anteriorly in the
anterior superior spine and posteriorly in the posterior superior spine. Two inferior spines are located below these. The
shallow iliac fossa marks its internal surface, and a prominent ridge, the arcuate line, outlines the pelvic inlet, or pelvic
brim.

The ischium is the “sit-down” bone, forming the most inferior and posterior portion of the coxal bone. The most
outstanding marking on the ischium is the rough ischial tuberosity, which receives the weight of the body when sitting. The
ischial spine, superior to the ischial tuberosity, is an important anatomical landmark of the pelvic cavity. (See Comparison of
the Male and Female Pelves, Table 11.1 on page 113.) The obvious lesser and greater sciatic notches allow nerves and
blood vessels to pass to and from the thigh. The sciatic nerve passes through the latter.

The pubis or pubic bone, is the most anterior portion of the coxal bone. Fusion of the rami of the pubis anteriorly and
the ischium posteriorly forms a bar of bone enclosing the obturator foramen, through which blood vessels and nerves run
from the pelvic cavity into the thigh. The pubic bones of each hip bone meet anteriorly at the pubic crest to form a
cartilaginous joint called the pubic symphysis. At the lateral end of the pubic crest is the pubic tubercle (see Figure 11.6c) to
which the important inguinal ligament attaches.

The ilium, ischium, and pubis fuse at the deep hemispherical socket called the acetabulum (literally, “wine cup”), which
receives the head of the thigh bone.

Activity 3:
Observing Pelvic Articulations

Before continuing with the bones of the lower limbs, take the time to examine an articulated pelvis. Notice how each coxal
bone articulates with the sacrum posteriorly and how the two coxal bones join at the pubic symphysis. The sacroiliac joint is
a common site of lower back problems because of the pressure it must bear. n

Comparison of the Male and Female Pelves Although bones of males are usually larger, heavier, and have more
prominent bone markings, the male and female skeletons are very similar. The exception to this generalization is pelvic
structure.

The female pelvis reflects modifications for childbearing—it is wider, shallower, lighter, and rounder than that of the
male. Not only must her pelvis support the increasing size of a fetus, but it must also be large enough to allow the infant’s
head (its largest dimension) to descend through the birth canal at birth.

To describe pelvic sex differences, we need to introduce a few more terms. The false pelvis is that portion superior to
the arcuate line; it is bounded by the alae of the ilia laterally and the sacral promontory and lumbar vertebrae posteriorly.
Although the false pelvis supports the abdominal viscera, it does not restrict childbirth in any way. The true pelvis is the
region inferior to the arcuate line that is almost entirely surrounded by bone. Its posterior boundary is formed by the sacrum.
The ilia, ischia, and pubic bones define its limits laterally and anteriorly.

The dimensions of the true pelvis, particularly its inlet and outlet, are critical if delivery of a baby is to be
uncomplicated; and they are carefully measured by the obstetrician. The pelvic inlet, or pelvic brim, is the opening



delineated by the sacral promontory posteriorly and the arcuate lines of the ilia anterolaterally. It is the superiormost margin
of the true pelvis. Its widest dimension is from left to right, that is, along the frontal plane. The pelvic outlet is the inferior
margin of the true pelvis. It is bounded anteriorly by the pubic arch, laterally by the ischia, and posteriorly by the sacrum and
coccyx. Since both the coccyx and the ischial spines protrude into the outlet opening, a sharply angled coccyx or large, sharp
ischial spines can dramatically narrow the outlet. The largest dimension of the outlet is the anterior-posterior diameter.

The major differences between the male and female pelves are summarized in Table 11.1.

Text continues on page 114

Activity 4:
Comparing Male and Female Pelves

Examine male and female pelves for the following differences:

® The female inlet is larger and more circular.

®  The female pelvis as a whole is shallower, and the bones are lighter and thinner.

® The female sacrum is broader and less curved, and the pubic arch is more rounded.
® The female acetabula are smaller and farther apart, and the ilia flare more laterally.

® The female ischial spines are shorter, farther apart, and everted, thus enlarging the pelvic outlet. n

The Thigh

The femur, or thigh bone (Figure 11.7a), is the sole bone of the thigh. It is the heaviest, strongest bone in the body. The ball-
like head of the femur articulates with the hip bone via the deep, secure socket of the acetabulum. Obvious in the femur’s
head is a small central pit called the fovea capitis (“pit of the head”) from which a small ligament runs to the acetabulum.
The head of the femur is carried on a short, constricted neck, which angles laterally to join the shaft. The neck is the weakest
part of the femur and is a common fracture site (an injury called a broken hip), particularly in the elderly. At the junction of
the shaft and neck are the greater and lesser trochanters (separated posteriorly by the intertrochanteric crest and
anteriorly by the intertrochanteric line). The trochanters and trochanteric crest, as well as the gluteal tuberosity and the
linea aspera located on the shaft, are sites of muscle attachment.

The femur inclines medially as it runs downward to the leg bones; this brings the knees in line with the body’s center of
gravity, or maximum weight. The medial course of the femur is more noticeable in females because of the wider female
pelvis.

Distally, the femur terminates in the lateral and medial condyles, which articulate with the tibia below, and the patellar
surface, which forms a joint with the patella (kneecap) anteriorly. The lateral and medial epicondyles, just superior to the
condyles, are separated by the intercondylar fossa. On the superior part of the medial epicondyle is a bump, the adductor
tubercle, to which the large adductor magnus muscle attaches.

The patella (Figure 11.7b) is a triangular sesamoid bone enclosed in the (quadriceps) tendon that secures the anterior
thigh muscles to the tibia. It guards the knee joint anteriorly and improves the leverage of the thigh muscles acting across the
knee joint.

The Leg

Two bones, the tibia and the fibula, form the skeleton of the leg (see Figure 11.8). The tibia, or shinbone, is the larger and
more medial of the two leg bones. At the proximal end, the medial and lateral condyles (separated by the intercondylar
eminence) receive the distal end of the femur to form the knee joint. The tibial tuberosity, a roughened protrusion on the
anterior tibial surface (just below the condyles), is the site of attachment of the patellar (kneecap) ligament. Small facets on
its superior and inferior lateral surface articulate with the fibula. Distally, a process called the medial malleolus forms the
inner (medial) bulge of the ankle, and the smaller distal end articulates with the talus bone of the foot. The anterior surface of
the tibia bears a sharpened ridge that is relatively unprotected by muscles. This so-called anterior border is easily felt
beneath the skin.



The fibula, which lies parallel to the tibia, takes no part in forming the knee joint. Its proximal head articulates with the
lateral condyle of the tibia. The fibula is thin and sticklike with a sharp anterior crest. It terminates distally in the lateral
malleolus, which forms the outer part, or lateral bulge, of the ankle.

The Foot

The bones of the foot include the 7 tarsal bones, 5 metatarsals, which form the instep, and 14 phalanges, which form the
toes (see Figure 11.9). Body weight is concentrated on the two largest tarsals, which form the posterior aspect of the foot, the
calcaneus (heel bone) and the talus, which lies between the tibia and the calcaneus. The other tarsals are named and
identified in Figure 11.9. Like the fingers of the hand, each toe has three phalanges except the great toe, which has two.

The bones in the foot are arranged to produce three strong arches—two longitudinal arches (medial and lateral) and one
transverse arch (Figure 11.9b). Ligaments, binding the foot bones together, and tendons of the foot muscles hold the bones
firmly in the arched position but still allow a certain degree of give. Weakened arches are referred to as fallen arches or flat
feet.

Activity 5:
Palpating the Surface Anatomy of
the Pelvic Girdle and Lower Limb

Locate and palpate the following bone markings on yourself and/or your lab partner.

® lliac crest and anterior superior iliac spine: Rest your hands on your hips—they will be overlying the iliac crests. Trace
the crest as far posteriorly as you can and then follow it anteriorly to the anterior superior iliac spine. This latter bone
marking is easily felt in almost everyone, and is clearly visible through the skin (and perhaps the clothing) of very slim
people. (The posterior superior iliac spine is much less obvious and is usually indicated only by a dimple in the overlying
skin. Check it out in the mirror tonight.)

®  Greater trochanter of the femur: This is easier to locate in females than in males because of the wider female pelvis; also
it is more likely to be clothed by bulky muscles in males. Try to locate it on yourself as the most lateral point of the proximal
femur. It typically lies about 6 to 8 inches below the iliac crest.

® Patella and tibial tuberosity: Feel your kneecap and palpate the ligaments attached to its borders. Follow the inferior
patellar ligament to the tibial tuberosity.

® Medial and lateral condyles of the femur and tibia: As you move from the patella inferiorly on the medial (and then the
lateral) knee surface, you will feel first the femoral and then the tibial condyle.

® Medial malleolus: Feel the medial protrusion of your ankle, the medial malleolus of the distal tibia.
® Lateral malleolus: Feel the bulge of the lateral aspect of your ankle, the lateral malleolus of the fibula.

® Calcaneus: Attempt to follow the extent of your calcaneus or heel bone. n

Activity 6:
Constructing a Skeleton

1. When you finish examining yourself and the disarticulated bones of the appendicular skeleton, work with your lab
partner to arrange the disarticulated bones on the laboratory bench in their proper relative positions to form an entire
skeleton. Careful observation of bone markings should help you distinguish between right and left members of bone pairs.

2. When you believe that you have accomplished this task correctly, ask the instructor to check your
arrangement to ensure that it is correct. If it is not, go to the articulated skeleton and check your bone
arrangements. Also review the descriptions of the bone markings as necessary to correct your bone arrangement. n

Objectives



To identify on an articulated skeleton the bones of the pectoral and pelvic girdles and their attached limbs.
To arrange unmarked, disarticulated bones in proper relative position to form the entire skeleton.
To differentiate between a male and a female pelvis.

To discuss the common features of the human appendicular girdles (pectoral and pelvic), and to note how their
structure relates to their specialized functions.

5. To identify specific bone markings in the appendicular skeleton.

Materials

Avrticulated skeletons

Disarticulated skeletons (complete)

Acrticulated pelves (male and female for comparative study)
X rays of bones of the appendicular skeleton
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See Appendix B, Exercise 11 for links to A.D.A.M.® Interactive Anatomy.aia## Exercise 11

Table 11.1 Comparison of the Male and Female PelvesCharacteristic Female Male



General structure and functional modifications

Bone thickness

Acetabula

Pubic angle/arch

Anterior view

Sacrum

Coccyx

Left lateral view

Pelvic inlet (brim)

Pelvic outlet

Posteroinferior view



Tilted forward; adapted for childbearing; true pelvis defines the birth canal; cavity of the true pelvis is broad, shallow, and has a greater
capacity

Less; bones lighter, thinner, and smoother

Smaller; farther apart

Broader (80°-90°); more rounded

Wider; shorter; sacral curvature is
accentuated

More movable; straighter

Wider; oval from side to side

Wider; ischial tuberosities shorter, farther
apart and everted



Tilted less far forward; adapted for support of a male’s heavier build and stronger muscles; cavity of the true pelvis is narrow and deep

Greater; bones heavier and thicker, and markings are more prominent
Larger; closer

More acute (50°-60°)

Narrow; longer; sacral promontory more ventral

Less movable; curves ventrally

Narrow; basically heart shaped

Narrower; ischial tuberosities longer,
sharper, and point more mediallyPelvic
outlet#  Exercise 11

Figure 11.1 Articulated bones of the pectoral (shoulder) girdle. The right pectoral girdle is articulated to show the
relationship of the girdle to the bones of the thorax and arm. The Appendicular Skeleton#

Figure 11.2 Individual bones of the pectoral (shoulder) girdle. View (e) is accompanied by a schematic representation of
its orientation.#  Exercise 11

Figure 11.3 Bone of the right arm. Humerus, (a) anterior view, (b) posterior view.  The Appendicular Skeleton#
Figure 11.4 Bones of the right forearm. Radius and ulna, (a) anterior view, (b) posterior view.#Exercise 11(b)
Figure 11.5 Bones of the right hand.

(a) Anterior view showing the relationships of the carpals, metacarpals, and phalanges. (b) X ray. White bar on the proximal phalanx of the
ring finger shows the position at which a ring would be worn. The Appendicular Skeleton#



Figure 11.6 Bones of the pelvic girdle. (a) Articulated bony pelvis, showing the two coxal bones, which together compose the
pelvic girdle, the sacrum, and the coccyx. (Continues on page 112)# Exercise 11

Figure 11.6 (continued) Bones of the pelvic girdle. (b) Right coxal bone, lateral view, showing the point of fusion of
the ilium, ischium, and pubic bones. (c) Right coxal bone, medial view. The Appendicular Skeleton#

Figure 11.7 Bones of the right thigh and knee. (a) The femur (thigh bone).

(b) The patella (kneecap).  The Appendicular Skeleton#

Fi gure 11.8 Bones of the right leg. Tibia and fibula, anterior view on left; posterior view on right.# Exercise 11
Figure 11.9 Bones of the right foot.

(a) Superior view. (b) Lateral view showing arches
of the foot.
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The Fetal Skeleton

A human fetus about to be born has 275 bones, many more than the 206 bones found in the adult skeleton. This is because
many of the bones described as single bones in the adult skeleton (for example, the coxal bone, sternum, and sacrum) have
not yet fully ossified and fused in the fetus.

Activity:
Examining a Fetal Skull and Skeleton

1. Obtain a fetal skull and study it carefully. Make observations as needed to answer the following questions.

®  Does it have the same bones as the adult skull?
®  How does the size of the fetal face relate to the cranium?
®  How does this compare to what is seen in the adult?

2. Indentations between the bones of the fetal skull, called fontanels, are fibrous membranes. These areas will become
bony (ossify) as the fetus ages, completing the process by the age of 20 to 22 months. The fontanels allow the fetal skull to
be compressed slightly during birth and also allow for brain growth during late fetal life. Locate the following fontanels on
the fetal skull with the aid of Figure 12.1: anterior (or frontal) fontanel, mastoid fontanel, sphenoidal fontanel, and posterior
(or occipital) fontanel.

3. Notice that some of the cranial bones have conical protrusions. These are ossification (growth) centers. Notice also that
the frontal bone is still bipartite, and the temporal bone is incompletely ossified, little more than a ring of bone.

4. Obtain a fetal skeleton or use Figure 12.2, and examine it carefully, noting differences between it and an adult skeleton.
Pay particular attention to the vertebrae, sternum, frontal bone of the cranium, patellae (kneecaps), coxal bones, carpals and
tarsals, and rib cage.

5. Check the questions in the review section before completing this study to ensure that you have made all of the necessary
observations. n

Objectives

1. To define fontanel and discuss the function and fate of fontanels in the fetus.
2. To demonstrate important differences between the fetal and adult skeletons.
Materials

q Isolated fetal skull
q Fetal skeleton
g Adult skeleton

Figure 12.1 The fetal skull ## Exercise 12
Figure 12.1 (continued) The fetal skull.



Figure 12.2 The fetal skeleton. (a) Anterior view. (b) Posterior view.
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Articulations and
Body Movements

With rare exceptions, every bone in the body is connected to, or forms a joint with, at least one other bone. Articulations, or
joints, perform two functions for the body. They (1) hold the bones together and (2) allow the rigid skeletal system some
flexibility so that gross body movements can occur.

Joints may be classified structurally or functionally. The structural classification is based on the presence of connective
tissue fiber, cartilage, or a joint cavity between the articulating bones. Structurally, there are fibrous, cartilaginous, and
synovial joints.

The functional classification focuses on the amount of movement allowed at the joint. On this basis, there are
synarthroses, or immovable joints; amphiarthroses, or slightly movable joints; and diarthroses, or freely movable joints.
Freely movable joints predominate in the limbs, whereas immovable and slightly movable joints are largely restricted to the
axial skeleton, where firm bony attachments and protection of enclosed organs are a priority.

As a general rule, fibrous joints are immovable, and sy-novial joints are freely movable. Cartilaginous joints offer both
rigid and slightly movable examples. Since the structural categories are more clear-cut, we will use the structural
classification here and indicate functional properties as appropriate.

Fibrous Joints

In fibrous joints, the bones are joined by fibrous tissue. No joint cavity is present. The amount of movement allowed
depends on the length of the fibers uniting the bones. Although some fibrous joints are slightly movable, most are syn-
arthrotic and permit virtually no movement.

The two major types of fibrous joints are sutures and syndesmoses. In sutures (Figure 13.1d) the irregular edges of the
bones interlock and are united by very short connective tissue fibers, as in most joints of the skull. In syndesmoses the
articulating bones are connected by short ligaments of dense fibrous tissue; the bones do not interlock. The joint at the distal
end of the tibia and fibula is an example of a syndesmosis (Figure 13.1e). Although this syndesmosis allows some give, it is
classed functionally as a synarthrosis. Not illustrated here is a gomphosis, in which a tooth is secured in a bony socket by the
periodontal ligament (see Figure 38.12).

Activity 1:
Identifying Fibrous Joints

Examine a human skull again. Notice that adjacent bone surfaces do not actually touch but are separated by fibrous
connective tissue. Also examine a skeleton and anatomical chart of joint types and Table 13.1 for examples of fibrous
joints. n

Cartilaginous Joints



In cartilaginous joints, the articulating bone ends are connected by a plate or pad of cartilage. No joint cavity is pres-ent.
The two major types of cartilaginous joints are synchondroses and symphyses. Although there is variation, most
cartilaginous joints are slightly movable (amphiarthrotic) functionally. In symphyses (symphysis = “a growing together”), the
bones are connected by a broad, flat disc of fibrocartilage. The intervertebral joints and the pubic sym-physis of the pelvis
are symphyses (see Figure 13.1b and c). In synchondroses the bony portions are united by hyaline cartilage. The articulation
of the costal cartilage of the first rib with the sternum (Figure 13.1a) is a synchondrosis, but perhaps the best examples of
synchondroses are the epiphyseal plates seen in the long bones of growing children (Figure 13.2). The epiphyseal plates are
flexible during childhood but eventually they are totally ossified.

Activity 2:
Identifying Cartilaginous Joints

Identify the cartilaginous joints on a human skeleton, Table 13.1, and on an anatomical chart of joint types. n

Synovial Joints

Synovial joints are those in which the articulating bone ends are separated by a joint cavity containing synovial fluid (see
Figure 13.1f-h). All synovial joints are diarthroses, or freely movable joints. Their mobility varies, however; some syno-vial
joints can move in only one plane, and others can move in several directions (multiaxial movement). Most joints in the body
are synovial joints.

All synovial joints have the following structural characteristics (Figure 13.3):

® The joint surfaces are enclosed by a two-layered articular capsule (a sleeve of connective tissue), creating a joint cavity.

® The inner layer is a smooth connective tissue membrane, called synovial membrane, which produces a lubricating fluid
(synovial fluid) that reduces friction. The outer layer, or fibrous capsule, is dense irregular connective tissue.

® Articular (hyaline) cartilage covers the surfaces of the bones forming the joint.

® The articular capsule is typically reinforced with ligaments and may contain bursae (fluid-filled sacs that reduce friction
where tendons cross bone).

® Fibrocartilage pads (articular discs) may be present within the capsule.

Activity 3:
Examining Synovial Joint Structure

Examine a beef or pig joint to identify the general structural features of diarthrotic joints as listed above.
If the joint is freshly obtained from the slaughterhouse and you will be handling it, don disposable gloves before beginning
your observations. n

Activity 4:
Demonstrating the Importance

of Friction-Reducing Structures
1. Obtain a small water balloon and clamp. Partially fill the balloon with water (it should still be flaccid), and clamp it
closed.

2. Position the balloon atop one of your fists and press down on its top surface with the other fist. Push on the balloon until
your two fists touch and move your fists back and forth over one another. Assess the amount of friction generated.



3. Unclamp the balloon and add more water. The goal is to get just enough water in the balloon so that your fists cannot
come into contact with one another, but instead remain separated by a thin water layer when pressure is applied to the
balloon.

4. Repeat the movements in step 2 to assess the amount of friction generated.

How does the presence of a sac containing fluid influence the amount of friction generated?

What anatomical structure(s) does the water-containing balloon mimic?

What anatomical structures might be represented by your fists?
n

Types of Synovial Joints

Because there are so many types of synovial joints, they have been divided into the following subcategories on the basis of
movements allowed (Figure 13.4):

® Plane (Gliding): Articulating surfaces are flat or slightly curved, allowing sliding movements in one or two planes.
Examples are the intercarpal and intertarsal joints and the vertebrocostal joints of ribs 2—7.

® Hinge: The rounded process of one bone fits into the concave surface of another to allow movement in one plane
(uniaxial), usually flexion and extension. Examples are the elbow and interphalangeal joints.

® Pivot: The rounded or conical surface of one bone articulates with a shallow depression or foramen in another bone.
Pivot joints allow uniaxial rotation, as in the proximal radioulnar joint and the joint between the atlas and axis (C1 and Cy).

® Condyloid (Ellipsoidal): The oval condyle of one bone fits into an ellipsoidal depression in another bone, allowing
biaxial (two-way) movement. The radiocarpal (wrist) joint and the metacarpophalangeal joints (knuckles) are examples.

® Saddle: Articulating surfaces are saddle-shaped; the articulating surface of one bone is convex, and the reciprocal
surface is concave. Saddle joints, which are biaxial, include the joint between the thumb metacarpal and the trapezium of the
wrist.

® Ball and socket: The ball-shaped head of one bone fits into a cuplike depression of another. These are multiaxial joints,
allowing movement in all directions and pivotal rotation. Examples are the shoulder and hip joints.

Movements Allowed
by Synovial Joints

Every muscle of the body is attached to bone (or other connective tissue structures) at two points—the origin (the stationary,
immovable, or less movable attachment) and the insertion (the movable attachment). Body movement occurs when muscles
contract across diarthrotic synovial joints (Figure 13.5). When the muscle contracts and its fibers shorten, the insertion
moves toward the origin. The type of movement depends on the construction of the joint (uniaxial, biaxial, or multiaxial) and
on the placement of the muscle relative to the joint. The most common types of body movements are described below and
illustrated in Figure 13.6.

Activity 5:
Demonstrating Movements
of Synovial Joints



Attempt to demonstrate each movement as you read through the following material:

Flexion (Figure 13.6a and c): A movement, generally in the sagittal plane, that decreases the angle of the joint and reduces
the distance between the two bones. Flexion is typical of hinge joints (bending the knee or elbow) but is also common at
ball-and-socket joints (bending forward at the hip).

Extension (Figure 13.6a and c): A movement that increases the angle of a joint and the distance between two bones or parts
of the body (straightening the knee or elbow); the opposite of flexion. If extension is greater than 180 degrees (bending the
trunk backward), it is termed hyperextension.

Abduction (Figure 13.6d): Movement of a limb away from the midline or median plane of the body, generally on the frontal
plane, or the fanning movement of fingers or toes when they are spread apart.

Adduction (Figure 13.6d): Movement of a limb toward the midline of the body; the opposite of abduction.

Rotation (Figure 13.6b and e): Movement of a bone around its longitudinal axis without lateral or medial displacement.
Rotation, a common movement of ball-and-socket joints, also describes the movement of the atlas around the odontoid
process of the axis.

Circumduction (Figure 13.6e): A combination of flexion, extension, abduction, and adduction commonly observed in ball-
and-socket joints like the shoulder. The proximal end of the limb remains stationary, and the distal end moves in a circle. The
limb as a whole outlines a cone. Condyloid and saddle joints also allow circumduction.

Pronation (Figure 13.6f): Movement of the palm of the hand from an anterior or upward-facing position to a posterior or
downward-facing position. The distal end of the radius moves across the ulna.

Supination (Figure 13.6f): Movement of the palm from a posterior position to an anterior position (the anatomical position);
the opposite of pronation. During supination, the radius and ulna are parallel.
The last four terms refer to movements of the foot:

Inversion (Figure 13.6g): A movement that results in the medial turning of the sole of the foot.
Eversion (Figure 13.6g): A movement that results in the lateral turning of the sole of the foot; the opposite of inversion.
Dorsiflexion (Figure 13.6h): A movement of the ankle joint in a dorsal direction (standing on one’s heels).

Plantar flexion (Figure 13.6h): A movement of the ankle joint in which the foot is flexed downward (standing on one’s toes
or pointing the toes). n

Activity 6:
Demonstrating Uniaxial, Biaxial,
and Multiaxial Movements

Using the information gained in the previous activity, perform the following demonstrations and complete the charts on the
opposite page.

1. Demonstrate movement at two joints that are uniaxial.

2. Demonstrate movement at two joints that are biaxial.

3. Demonstrate movement at two joints that are multiaxial.



Selected Synovial Joints

Now you will have the opportunity to compare and contrast the structure of the hip and knee joints and to investigate the
structure and movements of the temporomandibular joint.

The Knee and Hip Joints

Both of these joints are large weight-bearing joints of the lower limb, but they differ substantially in their security. Read
through the brief descriptive material below, and look at the questions in the review section that pertain to this exercise
before beginning your comparison.

The Knee Joint The knee is the largest and most complex joint in the body. Three joints in one (Figure 13.7), it allows
extension, flexion, and a little rotation. The tibiofemoral joint, actually a duplex joint between the femoral condyles above
and the menisci (semilunar cartilages) of the tibia below, is functionally a hinge joint, a very unstable one made slightly more
secure by the menisci. Some rotation occurs when the knee is partly flexed, but during extension, rotation and side-to-side
movements are counteracted by the menisci and ligaments. The other joint is the femoropatellar joint, the intermediate joint
anteriorly.

The knee is unique in that it is only partly enclosed by an articular capsule. Anteriorly, where the capsule is absent, are
three broad ligaments, the patellar ligament and the medial and lateral patellar retinacula, which run from the patella to the
tibia below and merge with the capsule on either side. Capsular ligaments including the fibular and tibial collateral
ligaments (which prevent rotation during extension) and the oblique popliteal and arcuate popliteal ligaments are crucial in
reinforcing the knee. The cruciate ligaments, are intracapsular ligaments that prevent anterior-posterior displacement of the
joint and overflexion and hyperextension of the joint.

Activity 7:
Demonstrating Actions
at the Knee Joint

If a functional model of a knee joint is available, identify the joint parts and
manipulate it to illustrate the following movements: flexion, extension, and inner
and outer rotation.

Reread the information on what movements the various associated ligaments restrict, and verify that information during
your joint manipulations. n

The Hip Joint The hip joint is a ball-and-socket joint, so movements can occur in all possible planes. However, its
movements are definitely limited by its deep socket and strong reinforcing ligaments, the two factors that account for its
exceptional stability (Figure 13.8).

The deeply cupped acetabulum that receives the head of the femur is enhanced by a circular rim of fibrocartilage called
the acetabular labrum. Because the diameter of the labrum is smaller than that of the femur’s head, dislocations of the hip
are rare. A short ligament, the ligament of the head of the femur or ligamentum teres, runs from the pitlike fovea capitis on
the femur head to the acetabulum where it helps to secure the femur. Several strong ligaments, including the iliofemoral and
pubofemoral anteriorly and the ischiofemoral that spirals posteriorly (not shown), are arranged so that they “screw” the
femur head into the socket when a person stands upright.

Activity 8:
Demonstrating Actions
at the Hip Joint

If a functional hip joint model is available, identify the joint parts and manipulate it to demonstrate the following movements:
flexion, extension, abduction, and inner and outer rotation that can occur at this joint.



Reread the information on what movements the associated ligaments restrict, and verify that information during your
joint manipulations. n

The Temporomandibular Joint

The temporomandibular joint (TMJ) lies just anterior to the ear (Figure 13.9), where the egg-shaped condyle of the
mandible articulates with the inferior surface of the squamous region of the temporal bone. The temporal bone joint surface
has a complicated shape: posteriorly is the mandibular fossa and anteriorly is a bony knob called the articular tubercle.
The joint’s articular capsule, though strengthened laterally by ligament, is slack; an articular disc divides the joint cavity into
superior and inferior compartments. Typically, the mandibular condyle-mandibular fossa connection allows the familiar
hingelike movements of elevating and depressing the mandible to open and close the mouth. However, when the mouth is
opened wide, the mandibular head glides anteriorly and is braced against the dense bone of the articular tubercle so that the
mandible is not forced superiorly when we bite hard foods.

Activity 9:
Examining the Action at the TMJ

While placing your fingers over the area just anterior to the ear, open and close your mouth to feel the hinge action at the
TMJ. Then, keeping your fingers on the TMJ, yawn to demonstrate the anterior gliding of the mandibular condyle. n

Joint Disorders

Most of us don’t think about our joints until something goes wrong with them. Joint pains and malfunctions are caused by a
variety of things. For example, a hard blow to the knee can cause a painful bursitis, known as “water on the knee,” due to
damage to, or inflammation of, the patellar bursa. Slippage of a fibrocartilage pad or the tearing of a ligament may result in a
painful condition that persists over a long period, since these poorly vascularized structures heal so slowly.

Sprains and dislocations are other types of joint problems. In a sprain, the ligaments reinforcing a joint are damaged by
excessive stretching or are torn away from the bony attachment. Since both ligaments and tendons are cords of dense
connective tissue with a poor blood supply, sprains heal slowly and are quite painful.

Dislocations occur when bones are forced out of their normal position in the joint cavity. They are normally
accompanied by torn or stressed ligaments and considerable inflammation. The process of returning the bone to its proper
position, called reduction, should be done only by a physician. Attempts by the untrained person to “snap the bone back into
its socket” are often more harmful than helpful.

Advancing years also take their toll on joints.

Weight-bearing joints in particular eventually begin to degenerate. Adhesions (fibrous bands) may form between the surfaces
where bones join, and extraneous bone tissue (spurs) may grow along the joint edges. Such degenerative changes lead to the
complaint so often heard from the elderly: “My joints are getting so stiff. . . .”

® If possible, compare an X ray of an arthritic joint to one of a normal joint. |

Objectives

To name and describe the three functional categories of joints.

To name and describe the three structural categories of joints, and to compare their structure and mobility.
To identify the types of synovial joints.

To define origin and insertion of muscles.

. To demonstrate or identify the various body movements.

Materials
q Skull

q Articulated skeleton
g Anatomical chart of joint types (if available)

ok~ wdE



q Diarthrotic joint (fresh or preserved), preferably a beef knee joint sectioned sagittally (Alternatively pig’s feet
with phalanges sectioned frontally could be used)

Disposable gloves
Water balloons and clamps

Functional models of hip and knee joints
(if available)

q X rays of normal and arthritic joints (if available)

See Appendix B, Exercise 13 for links to A.D.A.M.® Interactive Anatomy.aia## Exercise 13

n  Name of joint Movement allowed

Name of joint Movement allowed = Movement allowed
Name of joint Movement allowed  Movement allowed Movement allowed
# Exercise 13
Table 13.1 Structural and Functional Characteristics of Body Joints Articulating
Functional type;
Ilustration Joint bones Structural type* movements allowed

Cranial and facial bones

Temporal bone of skull
and mandible



Occipital bone of skull
and atlas

Atlas (C4) and axis (Co)

Between adjacent
vertebral bodies

Between articular
processes

Vertebrae (transverse
processes or bodies)
and ribs

Sternum and clavicle

Sternum and rib 1
Sternum and ribs 2-7

Acromion of scapula
and clavicle
Scapula and humerus

Ulna (and radius) with
humerus

Radius and ulna

Radius and ulna

Radius and proximal
carpals

Adjacent carpals

Carpal (trapezium) and
metacarpal 1

Carpal(s) and
metacarpal(s)

Metacarpal and
proximal phalanx

Adjacent phalanges
Fibrous; suture

Synovial; modified hingeJr (contains articular disc)

Synovial; condyloid



Synovial; pivot

Cartilaginous; symphysis
Synovial; plane

Synovial; plane

Synovial; shallow saddle (contains articular disc)
Cartilaginous; synchondrosis

Synovial; double plane

Synovial; plane (contains articular disc)

Synovial; ball and socket

Synovial; hinge

Synovial; pivot

Synovial; pivot (contains articular disc)

Synovial; condyloid

Synovial; plane
Synovial; saddle

Synovial; plane

Synovial; condyloid

Synovial; hingeSynarthrotic; no movement

Diarthrotic; gliding and uniaxial rotation; slight lateral movement, elevation, depression, protraction, and retraction of mandible
Diarthrotic; biaxial; flexion, extension, lateral flexion, circumduction of head on neck

Diarthrotic; uniaxial; rotation of the head
Amphiarthrotic; slight movement
Diarthrotic; gliding

Diarthrotic; gliding of ribs

Diarthrotic; multiaxial (allows clavicle to move in all axes)
Synarthrotic; no movement

Diarthrotic; gliding

Diarthrotic; gliding and rotation of scapula on clavicle

Diarthrotic; multiaxial; flexion, extension, abduction, adduction, circumduction, rotation of humerus
Diarthrotic; uniaxial; flexion, extension of forearm

Diarthrotic; uniaxial; rotation of radius around long axis of forearm to allow pronation and supination



Diarthrotic; uniaxial; rotation (convex head of ulna rotates in ulnar notch of radius)
Diarthrotic; biaxial; flexion, extension, abduction, adduction, circumduction of hand

Diarthrotic; gliding

Diarthrotic; biaxial; flexion, extension, abduction, adduction, circumduction, opposition of metacarpal 1

Diarthrotic; gliding of metacarpals

Diarthrotic; biaxial; flexion, extension, abduction, adduction, circumduction of fingers

Diarthrotic; uniaxial; flexion, extension of fingers Avrticulations and Body Movements#

Table 13.1 Structural and Functional Characteristics of Body Joints (continued)
Functional type;
Ilustration Joint bones  Structural type* movements allowed

Sacrum and coxal bone

Pubic bones

Hip bone and femur

Femur and tibia

Femur and patella

Tibia and fibula
(proximally)
Tibia and fibula (distally)

Tibia and fibula
with talus

Adjacent tarsals

Tarsal(s) and
metatarsal(s)

Metatarsal and
proximal phalanx

Adjacent phalanges

Avrticulating

*Fibrous joints indicated by orange circles; cartilaginous joints by blue circles; synovial joints by purple circles.

TThese modified hinge joints are structurally bicondylar.Synovial; plane

Cartilaginous; symphysis

Synovial; ball and socket

Synovial; modified hingeJr (contains articular discs)



Synovial; plane

Synovial; plane
Fibrous; syndesmosis

Synovial; hinge

Synovial; plane
Synovial; plane

Synovial; condyloid

Synovial; hingeDiarthrotic; little movement, slight gliding possible

(more during pregnancy)

Amphiarthrotic; slight movement (enhanced during pregnancy)

Diarthrotic; multiaxial; flexion, extension, abduction, adduction, rotation, circumduction of thigh
Diarthrotic; biaxial; flexion, extension of leg, some rotation allowed

Diarthrotic; gliding of patella

Diarthrotic; gliding of fibula

Synarthrotic; slight “give” during dorsiflexion

Diarthrotic; uniaxial; dorsiflexion, and plantar flexion of foot
Diarthrotic; gliding; inversion and eversion of foot
Diarthrotic; gliding of metatarsals

Diarthrotic; biaxial; flexion, extension, abduction, adduction, circumduction of great toe
Diarthrotic; uniaxial; flexion, extension of toes# Exercise 13

Figure 13.1 Types of joints. Joints to the left of the skeleton are cartilaginous joints; joints above and below the skeleton are

fibrous joints; joints to the right of the skeleton are synovial joints. (a) Synchondrosis (joint between costal cartilage of rib 1 and the

sternum). (b) Symphyses (intervertebral discs of fibrocartilage connecting adjacent vertebrae).

(c) Symphysis (fibrocartilaginous pubic symphysis connecting the pubic bones anteriorly). (d) Suture (fibrous connective tissue connecting

interlocking skull bones). (e) Syndesmosis (fibrous connective tissue connecting the distal ends of the tibia and fibula). (f) Synovial joint

(multiaxial shoulder joint). (g) Synovial joint (uniaxial elbow joint). (h) Synovial joints (biaxial intercarpal joints of the hand).
Articulations and Body Movements#

Figure 13.2 X ray of the hand of a child. Notice the cartilaginous epiphyseal plates, examples of temporary synchondroses.#
Exercise 13

Figure 13.3 Major structural features of a synovial joint.

Figure 13.4 Types of synovial joints. Dashed lines indicate the articulating bones. (a) Plane joint (e.g., intercarpal and
intertarsal joints). (b) Hinge joint (e.g., elbow joints and interphalangeal joints). (c) Pivot joint (e.g., proximal radioulnar joint). (d)
Condyloid joint (e.g., metacarpophalangeal joints). () Saddle joint (e.g., carpometacarpal joint of the thumb). (f) Ball-and-socket joint
(e.g., shoulder joint). Articulations and Body Movements## Exercise 13

Figure 13.5 Muscle attachments (origin and insertion). When a skeletal muscle contracts, its insertion moves toward its

origin.

Figure 13.6 Movements occurring at synovial

joints of the body. (a) Flexion and extension of the head. (b) Rotation of the head. (c) Flexion and extension of the knee and shoulder.
Avrticulations and Body Movements#



Figure 13.6 (continued)

(d) Abduction and adduction of the arm. (e) Circumduction of the arm and lateral and medial rotation of the lower limb around its long
axis.

(f) Supination and pronation of the forearm. (g) Eversion and inversion of the foot. (h) Dorsiflexion and plantar flexion of the foot.
Figure 13.7 Knee joint relationships. (a) Midsagittal section of right knee joint. (b) Anterior view of slightly flexed right
knee joint showing the cruciate ligaments. Articular capsule has been removed; the quadriceps tendon has been cut and reflected distally.
(c) Anterior superficial view of the right knee. (d) Photograph of an opened knee joint corresponds to view in (b).

(e) Posterior superficial view of the ligaments clothing the knee joint. Articulations and Body Movements#

Figure 13.8 Hip joint relationships. (a) Frontal section through the right hip joint. (b) Photograph of the interior of the hip
joint, lateral view. (c) Anterior superficial view of the right hip joint.# Exercise 13

Figure 13.9 The temporomandibular (jaw) joint (a) Location of the joint in the skull. (b) Enlargement of a sagittal section
through the joint, showing the articular disc, the superior and inferior compartments of the joint cavity, and the two main movements that
occur (arrows). Avrticulations and Body Movements#



Microscopic Anatomy and Organization
of Skeletal Muscle

Objectives
1. To describe the structure of skeletal muscle from gross to microscopic levels.
2. To define and explain the role of the following:

actin myofilament  tendon
myosin perimysium  endomysium
fiber aponeurosis  epimysium
myofibril

3. To describe the structure of a neuromuscular junction and to explain its role in muscle function.T he bulk of the
body’s muscle is called skeletal muscle because it is attached to the skeleton (or associated connective tissue structures).
Skeletal muscle influences body contours and shape, allows you to grin and frown, provides a means of locomotion, and
enables you to manipulate the environment. The balance of the body’s muscle—smooth and cardiac muscle—as the
major component of the walls of hollow organs and the heart, respectively, is involved with the transport of materials
within the body.

Each of the three muscle types has a structure and function uniquely suited to its task in the body. However, because the
term muscular system applies specifically to skeletal muscle, the primary objective of this unit is to investigate the structure
and function of skeletal muscle.

Skeletal muscle is also known as voluntary muscle (because it can be consciously controlled) and as striated muscle
(because it appears to be striped). As you might guess from both of these alternative names, skeletal muscle has some very
special characteristics. Thus an investigation of skeletal muscle should begin at the cellular level.

The Cells of Skeletal Muscle

Skeletal muscle is composed of relatively large, long cylindrical cells, sometimes called fibers, ranging from 10 to 100 mm
in diameter and up to 6 cm in length. However, the cells of large, hard-working muscles like the antigravity muscles of the
hip are extremely coarse, ranging up to 25 cm in length, and can be seen with the naked eye.

Skeletal muscle cells (Figure 14.1a) are multinucleate; multiple oval nuclei can be seen just beneath the plasma
membrane (called the sarcolemma in these cells). The nuclei are pushed peripherally by the longitudinally arranged
myofibrils, which nearly fill the sarcoplasm. Alternating light (I) and dark (A) bands along the length of the perfectly
aligned myofibrils give the muscle fiber as a whole its striped
appearance.

Electron microscope studies have revealed that the myo-fibrils are made up of even smaller threadlike structures called
myofilaments (Figure 14.1b). The myofilaments are composed largely of two varieties of contractile proteins—actin and
myosin—which slide past each other during muscle activity to bring about shortening or contraction of the muscle cells. It is
the highly specific arrangement of the myofilaments within the myofibrils that is responsible for the banding pattern in
skeletal muscle. The actual contractile units of muscle, called sarcomeres, extend from the middle of one I band (its Z disc)
to the middle of the next along the length of the myofibrils (Figure 14.1c and d.)

Text continues on page 134

At each junction of the A and | bands, the sarcolemma indents into the muscle cell, forming a transverse tubule (T

tubule). These tubules run deep into the muscle cell between cross channels, or terminal cisternae, of the elaborate smooth
endoplasmic reticulum called the sarcoplasmic reticulum (Figure 14.2).

Activity 1:
Examining Skeletal Muscle
Cell Anatomy



1. Look at the three-dimensional model of skeletal muscle cells, noting the relative shape and size of the cells. Identify the
nuclei, myofibrils, and light and dark bands.

2. Obtain forceps, two dissecting needles, slide and coverslip, and a dropper bottle of saline solution. With forceps, remove
a very small piece of muscle (about 1 mm diameter) from a fresh chicken breast (or thigh). Place the tissue on a clean
microscope slide, and add a drop of the saline solution.

3. Pull the muscle fibers apart (tease them) with the dissecting needles until you have a fluffy-looking mass of tissue.
Cover the teased tissue with a coverslip, and observe under the high-power lens of a compound microscope. Look for the
banding pattern by examining muscle fibers isolated at the edge of the tissue mass. Regulate the light carefully to obtain the
highest possible contrast.

4. Now compare your observations with Figure 14.3 and with what can be seen with professionally prepared muscle tissue.
Obtain a slide of skeletal muscle (longitudinal section), and view it under high power. From your observations, draw a small
section of a muscle fiber in the space provided below. Label the nuclei, sarcolemma, and A and | bands.

What structural details become apparent with the prepared slide?

Organization of Skeletal Muscle Cells into Muscles

Muscle fibers are soft and surprisingly fragile. Thus thousands of muscle fibers are bundled together with connective tissue
to form the organs we refer to as skeletal muscles (Figure 14.4). Each muscle fiber is enclosed in a delicate, areolar
connective tissue sheath called endomysium. Several sheathed muscle fibers are wrapped by a collagenic membrane called
perimysium, forming a bundle of fibers called a fascicle, or fasciculus. A large number of fascicles are bound together by a
substantially coarser “overcoat” of dense connective tissue called an epimysium, which sheathes the entire muscle. These
epimysia blend into the deep fascia, still coarser sheets of dense connective tissue that bind muscles into functional groups,
and into strong cordlike tendons or sheetlike aponeuroses, which attach muscles to each other or indirectly to bones. As
noted in Exercise 13, a muscle’s more movable attachment is called its insertion whereas its fixed (or immovable)
attachment is the origin.

Tendons perform several functions, two of the most important being to provide durability and to conserve space.
Because tendons are tough collagenic connective tissue, they can span rough bony prominences that would destroy the more
delicate muscle tissues. Because of their relatively small size, more tendons than fleshy muscles can pass over a joint.

In addition to supporting and binding the muscle fibers, and providing strength to the muscle as a whole, the connective
tissue wrappings provide a route for the entry and exit of nerves and blood vessels that serve the muscle fibers. The larger,
more powerful muscles have relatively more connective tissue than muscles involved in fine or delicate movements.

As we age, the mass of the muscle fibers decreases, and the amount of connective tissue increases; thus the skeletal muscles
gradually become more sinewy, or “stringier.” |

Activity 2:



Observing the Histological Structure
of a Skeletal Muscle

Obtain a slide showing a cross section of skeletal muscle tissue. Using Figure 14.4 as a reference, identify the muscle fibers,
their peripherally located nuclei, and their connective tissue wrappings, the endomysium, perimysium, and epimysium (if
visible). n

The Neuromuscular Junction

The voluntary skeletal muscle cells are always stimulated by motor neurons via nerve impulses. The junction between a
nerve fiber (axon) and a muscle cell is called a neuromuscular, or myoneural, junction (Figure 14.5).

Each motor axon breaks up into many branches called axonal terminals as it approaches the muscle, and each of these
branches participates in forming a neuromuscular junction with a single muscle cell. Thus a single neuron may stimulate
many muscle fibers. Together, a neuron and all the muscle cells it stimulates make up the functional structure called the
motor unit. Part of a motor unit is shown in Plate 4 of the Histology Atlas. The neuron and muscle fiber membranes, close
as they are, do not actually touch. They are separated by a small fluid-filled gap called the synaptic cleft (see Figure 14.5).

Within the axonal terminals are many mitochondria and vesicles containing a neurotransmitter chemical called
acetylcholine (ACh). When a nerve impulse reaches the axonal endings, some of these vesicles release their contents into the
synaptic cleft. The ACh rapidly diffuses across the junction and combines with the receptors on the sarcolemma. If sufficient

ACh has been released, a change in the permeability of the sarcolemma occurs. Channels that allow both sodium (Nal) and

potassium ions (K1) to pass open briefly. Because more Nal diffuses into the muscle fiber than K1 diffuses out,
depolarization of the sarcolemma and subsequent contraction of the muscle fiber occurs.

Activity 3:
Studying the Structure
of a Neuromuscular Junction

1. If possible, examine a three-dimensional model of skeletal muscle cells that illustrates the neuromuscular junction.
Identify the structures just described.

2. Obtain a slide of skeletal muscle stained to show a portion of a motor unit. Examine the slide under high power to
identify the axonal fibers extending leashlike to the muscle cells. Follow one of the axonal fibers to its terminus to identify
the oval-shaped axonal terminal. Compare your observations to Plate 4 of the Histology Atlas. Sketch a small section in the
space provided below. Label the motor axon, its terminal branches, and muscle fibers. n

Materials

g Three-dimensional model of skeletal muscle cells (if available)

q Forceps

q Dissecting needles

g Clean microscope slides and coverslips

g 0.9% saline solution in dropper bottles

g Chicken breast or thigh muscle (freshly obtained from the meat market)
g Compound microscope

q Prepared slides of skeletal muscle (longitudinal and cross-sectional views) and
skeletal muscle showing neuromuscular junctions

q Three-dimensional model of skeletal muscle showing neuromuscular junction (if available)# Microscopic
Anatomy and Organization of Skeletal Muscle#



Figure 14.1 Anatomy of a skeletal muscle cell (fiber). (a) A muscle fiber. One myofibril has been extended. (b) Enlarged
view of a myofibril showing its banding pattern. (c) Enlarged view of one sarcomere (contractile unit) of a myofibril showing its
banding pattern. (d) Structure of the thick and thin myofilaments found in the sarcomeres.#  Exercise 14

Figure 14.2 Relationship of the sarcoplasmic reticulum and T tubules to the myofibrils of
skeletal muscle.

Figure 14.3 Muscle fibers, longitudinal and transverse views. (See also Plate 2 in the Histology Atlas.)
Microscopic Anatomy and Organization of Skeletal Muscle#

Figure 14.4 Connective tissue coverings of skeletal muscle.
(a) Diagrammatic view. (b) Photomicrograph of a cross section of skeletal muscle (903).# Exercise 14

Figure 14.5 The neuromuscular junction.
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Gross Anatomy of

the Muscular System
Classification of Skeletal Muscles

Types of Muscles

Most often, body movements are not a result of the contraction of a single muscle but instead reflect the coordinated action
of several muscles acting together. Muscles that are primarily responsible for producing a particular movement are called
prime movers, or agonists.

Muscles that oppose or reverse a movement are called antagonists. When a prime mover is active, the fibers of the
antagonist are stretched and in the relaxed state. The antagonist can also regulate the prime mover by providing some
resistance, to prevent overshoot or to stop its action.

It should be noted that antagonists can be prime movers in their own right. For example, the biceps muscle of the arm (a
prime mover of elbow flexion) is antagonized by the triceps (a prime mover of elbow extension).

Synergists aid the action of agonists by reducing undesirable or unnecessary movement. Contraction of a muscle
crossing two or more joints would cause movement at all joints spanned if the synergists were not there to stabilize them. For
example, you can make a fist without bending your wrist only because synergist muscles stabilize the wrist joint and allow
the prime mover to exert its force at the finger joints.

Fixators, or fixation muscles, are specialized synergists. They immobilize the origin of a prime mover so that all the
tension is exerted at the insertion. Muscles that help maintain posture are fixators; so too are muscles of the back that
stabilize or “fix” the scapula during arm movements.

Naming Skeletal Muscles

Remembering the names of the skeletal muscles is a monumental task, but certain clues help. Muscles are named on the basis
of the following criteria:

® Direction of muscle fibers: Some muscles are named in reference to some imaginary line, usually the midline of the
body or the longitudinal axis of a limb bone. A muscle with fibers (and fascicles) running parallel to that imaginary line will
have the term rectus (straight) in its name. For example, the rectus abdominis is the straight muscle of the abdomen.
Likewise, the terms transverse and oblique indicate that the muscle fibers run at right angles and obliquely (respectively) to
the imaginary line (Figure 15.1).

® Relative size of the muscle: Terms such as maximus (largest), minimus (smallest), longus (long), and brevis (short) are
often used in naming muscles—as in gluteus maximus and gluteus minimus.

® Location of the muscle: Some muscles are named for the bone with which they are associated. For example, the
frontalis muscle overlies the frontal bone.

® Number of origins: When the term biceps, triceps, or quadriceps forms part of a muscle name, you can generally
assume that the muscle has two, three, or four origins (respectively). For example, the biceps muscle of the arm has two
heads, or origins.



® Location of the muscle’s origin and insertion: For example, the sternocleidomastoid muscle has its origin on the
sternum (sterno) and clavicle (cleido), and inserts on the mastoid process of the temporal bone.

® Shape of the muscle: For example, the deltoid muscle is roughly triangular (deltoid 5 triangle), and the trapezius muscle
resembles a trapezoid.

® Action of the muscle: For example, all the adductor muscles of the anterior thigh bring about its adduction, and all the
extensor muscles of the wrist extend the wrist.

Identification of Human Muscles
Muscles of the Head and Neck

The muscles of the head serve many specific functions. For instance, the muscles of facial expression differ from most
skeletal muscles because they insert into the skin (or other muscles) rather than into bone. As a result, they move the facial
skin, allowing a wide range of emotions to be shown on the face. Other muscles of the head are the muscles of mastication,
which manipulate the mandible during chewing, and the six extrinsic eye muscles located within the orbit, which aim the
eye. (Orbital muscles are studied in Exercise 24.)

Activity 1:
Identifying Head and Neck Muscles

Neck muscles are primarily concerned with the movement of the head and shoulder girdle. Figures 15.2 and 15.3 are
summary figures illustrating the superficial musculature of the body as a whole. Head and neck muscles are discussed in
Tables 15.1 and 15.2 and shown in Figures 15.4 and 15.5.

While reading the tables and identifying the head and neck muscles in the figures, try to visualize what happens when
the muscle contracts. Then, use a torso model or an anatomical chart to again identify as many of these muscles as possible.
(If a human cadaver is available for observation, specific instructions for muscle examination will be provided by your
instructor.) Then carry out the following palpations on yourself:

® To demonstrate the temporalis, place your hands on your temples and clench your teeth. The masseter can also be
palpated now at the angle of the jaw. n

Muscles of the Trunk

The trunk musculature includes muscles that move the vertebral column; anterior thorax muscles that act to move ribs, head,
and arms; and muscles of the abdominal wall that play a role in the movement of the vertebral column but more importantly
form the “natural girdle,” or the major portion of the abdominal body wall.

Activity 2:
Identifying Muscles of the Trunk

The trunk muscles are described in Tables 15.3 and 15.4 and shown in Figures 15.6 through 15.9. As before, identify the
muscles in the figure as you read the tabular descriptions and then identify them on the torso or laboratory chart. n

Activity 3:
Demonstrating Operation
of Trunk Muscles

Now, work with a partner to demonstrate the operation of the following muscles. One of you can demonstrate the movement
(the following steps are addressed to this partner). The other can supply resistance and palpate the muscle being tested.



1. Fully abduct the arm and extend the elbow. Now adduct the arm against resistance. You are using the latissimus dorsi.

2. To observe the deltoid, attempt to abduct your arm against resistance. Now attempt to elevate your shoulder against
resistance; you are contracting the upper portion of the trapezius.

3. The pectoralis major is used when you press your hands together at chest level with your elbows widely abducted. n

Text continues on page 153

Muscles of the Upper Limb

The muscles that act on the upper limb fall into three groups: those that move the arm, those causing movement at the elbow,
and those effecting movements of the wrist and hand.

The muscles that cross the shoulder joint to insert on the humerus and move the arm (subscapularis, supraspinatus and
infraspinatus, deltoid, and so on) are primarily trunk muscles that originate on the axial skeleton or shoulder girdle. These
muscles are included with the trunk muscles.

The second group of muscles, which cross the elbow joint and move the forearm, consists of muscles forming the
musculature of the humerus. These muscles arise primarily from the humerus and insert in forearm bones. They are
responsible for flexion, extension, pronation, and supination. The origins, insertions, and actions of these muscles are
summarized in Table 15.5 and the muscles are shown in Figure 15.10.

The third group composes the musculature of the
forearm. For the most part, these muscles insert on the
digits and produce movements at the wrist and fingers. In
general, muscles acting on the wrist and hand are more
easily identified if their insertion tendons are located first.
These muscles are described in Table 15.6 and illustrated
in Figure 15.11.

Activity 4:
Identifying Muscles
of the Upper Limb

First study the tables and figures, then see if you can identify these muscles on a torso model, anatomical chart, or cadaver.
Complete this portion of the exercise with palpation demonstrations as outlined next.

® To observe the biceps brachii, attempt to flex your forearm (hand supinated) against resistance. The insertion tendon of
this biceps muscle can also be felt in the lateral aspect of the antecubital fossa (where it runs toward the radius to
attach).

® If you acutely flex your elbow and then try to extend it against resistance, you can demonstrate the action of your triceps
brachii.

® Strongly flex your wrist and make a fist. Palpate your contracting wrist flexor muscles (which originate from the medial
epicondyle of the humerus) and their insertion tendons, which can be easily felt at the anterior aspect of the wrist.

®  Flare your fingers to identify the tendons of the extensor digitorum muscle on the dorsum of your hand. n

Text continues on page 158

Muscles of the Lower Limb



Muscles that act on the lower limb cause movement at the hip, knee, and foot joints. Since the human pelvic girdle is
composed of heavy fused bones that allow very little movement, no special group of muscles is necessary to stabilize it. This
is unlike the shoulder girdle, where several muscles (mainly trunk muscles) are needed to stabilize the scapulae.

Muscles acting on the thigh (femur) cause various movements at the multiaxial hip joint (flexion, extension, rotation,
abduction, and adduction). These include the iliopsoas, the adductor group, and other muscles summarized in Tables 15.7
and 15.8 and illustrated in Figures 15.12 and 15.13.

Muscles acting on the leg form the major musculature of the thigh. (Anatomically the term leg refers only to that portion
between the knee and the ankle.) The thigh muscles cross the knee to allow its flexion and extension. They include the
hamstrings and the quadriceps and, along with the muscles acting on the thigh, are described in Tables 15.7 and 15.8 and
illustrated in Figures 15.12 and 15.13. Since some of these muscles also have attachments on the pelvic girdle, they can
cause movement at the hip joint.

The muscles originating on the leg and acting on the foot and toes are described in Table 15.9 and shown in Figures
15.14 and 15.15.

Text continues on page 164

Activity 5:
Identifying Muscles
of the Lower Limb

Identify the muscles acting on the thigh, leg, foot, and toes as instructed previously for other muscle groups. n

Activity 6:
Palpating Muscles of
the Hip and Lower Limb

Complete this exercise by performing the following palpation demonstrations with your lab partner.

® Go into a deep knee bend and palpate your own gluteus maximus muscle as you extend your hip to resume the upright
posture.

® Demonstrate the contraction of the anterior quadriceps femoris by trying to extend your knee against resistance. Do this
while seated and note how the patellar tendon reacts. The biceps femoris of the posterior thigh comes into play when you flex
your knee against resistance.

® Now stand on your toes. Have your partner palpate the lateral and medial heads of the gastrocnemius and follow it to its
insertion in the calcaneal tendon.

® Dorsiflex and invert your foot while palpating your tibialis anterior muscle (which parallels the sharp anterior crest of
the tibia laterally). n

Activity 7:
Review of Human Musculature

Review the muscles by watching the Human Musculature videotape. n

Activity 8:
Making a Muscle Painting

1. Choose a male student to be “muscle painted.”

2. Obtain brushes and water-based paints from the supply area while the “volunteer” removes his shirt and rolls up his pant
legs (if necessary).



3. Using different colored paints, identify the muscles listed below by painting his skin. If a muscle covers a large body
area, you may opt to paint only its borders.

®  biceps brachii ®  biceps femoris

®  deltoid ® extensor carpi radialis longus
®  erector spinae ® Jlatissimus dorsi

® pectoralis major ®  rectus abdominis

®  rectus femoris ® sternocleidomastoid

® tibialis anterior ® trapezius

® triceps brachii ® triceps surae

® vastus lateralis ®  vastus medius

4. Check your “human painting” with your instructor
before cleaning your bench and leaving the laboratory. n

For instructions on animal dissections, see the dissection exercises starting on page 751 in the cat and fetal pig editions of
this manual.

Objectives
1. To define agonist (prime mover), antagonist, synergist, fixator, origin, and insertion.
2. To cite criteria used in naming skeletal muscles.

3. To name and locate the major muscles of the human body (on a torso model, a human cadaver, lab chart, or
diagram) and state the action of each.

4. To explain how muscle actions are related to their location.
5. To name muscle origins and insertions as required by the instructor.
6. To identify antagonists of the major prime movers.

Materials

Human torso model or large anatomical chart showing human musculature
Human cadaver for demonstration (if available)

Disposable gloves

Human Musculature videotape*

Tubes of body (or face) paint

1” wide artist’s brushes

o 0O o o o o

See Appendix B, Exercise 15 for links to A.D.A.M.® Interactive Anatomy.

For instructions on animal dissections, see the dissection exercises starting on page 751 in the cat and fetal pig editions of
this manual.

*Available to qualified adopters from Benjamin Cummings.aia##  Exercise 15
Table 15.1 Major Muscles of Human Head (see Figure 15.4)Muscle Comments Origin  Insertion Action

Facial Expression (Figure 15.4a)



(continues on page 144)Epicranius—frontal and
occipital bellies

Orbicularis oculi

Corrugator
supercilii

Levator labii superioris

Zygomaticus—major and
minor

Risorius

Depressor labii inferioris

Depressor anguli oris

Orbicularis oris

Mentalis

BuccinatorBipartite muscle
consisting of frontal and occipital parts, which covers dome of skull

Tripartite sphincter muscle of eyelids

Small muscle; activity associated with that of orbicularis oculi



Thin muscle between orbicularis oris and
inferior eye margin

Extends diagonally from corner of mouth to cheekbone
Slender muscle; runs inferior and lateral to zygomaticus
Small muscle from lower lip to mandible

Small muscle lateral to depressor labii inferioris

Multilayered muscle of lips with fibers that run in many different directions; most run circularly

One of muscle pair forming V-shaped muscle mass on chin

Principal muscle of cheek; runs horizontally, deep to the
masseterFrontal belly—galea aponeurotica (cranial aponeurosis);
occipital belly—

occipital and temporal bones

Frontal and maxillary bones and ligaments around orbit

Arch of frontal bone above nasal bone

Zygomatic bone and infraorbital margin of maxilla

Zygomatic bone

Fascia of masseter muscle

Body of mandible lateral to its midline

Body of mandible below incisors

Arises indirectly from maxilla and mandible; fibers blended with fibers of other muscles associated with lips

Mandible below
incisors

Molar region of maxilla and mandibleFrontal belly—skin of eyebrows and root of
nose; occipital
belly—galea aponeurotica

Encircles orbit and inserts in tissue of eyelid



Skin of eyebrow

Skin and muscle of upper lip and border of nostril
Skin and muscle at corner of mouth

Skin at angle of mouth

Skin and muscle of lower lip

Skin and muscle at angle of mouth below insertion of
zygomaticus

Encircles mouth; inserts into muscle and skin at angles of mouth

Skin of chin

Orbicularis orisWith aponeurosis
fixed, frontal belly raises
eyebrows; occipital belly fixes aponeurosis and pulls scalp posteriorly

Various parts can be
activated individually; closes eyes, produces blinking, squinting,
and draws eyebrows inferiorly

Draws eyebrows
medially and inferiorly; wrinkles skin of forehead vertically
Raises and furrows upper lip; opens lips

Raises lateral corners of mouth upward (smiling muscle)
Draws corner of lip laterally; tenses lip; zygomaticus synergist

Draws lower lip inferiorly

Zygomaticus antagonist; draws corners of mouth downward and laterally

Closes mouth; purses and protrudes lips (kissing and whistling muscle)

Protrudes lower lip; wrinkles chin

Draws corner of mouth laterally; compresses cheek (as in whistling); holds food between teeth during chewing Gross Anatomy of
the Muscular System#

Table 15.1 Major Muscles of Human Head (continued)Muscle Comments Origin  Insertion Action

Mastication (Figure 15.4c,d)



Masseter

Temporalis

Buccinator

Medial pterygoid

Lateral pterygoidCovers lateral aspect
of mandibular ramus;

can be palpated on

forcible closure of jaws

Fan-shaped muscle

lying over parts of frontal,
parietal, and temporal
bones

(See muscles of facial expression.)

Runs along internal
(medial) surface of
mandible (thus largely
concealed by that
bone)

Superior to medial
pterygoidZygomatic arch and maxilla

Temporal fossa

Sphenoid, palatine, and maxillary bones

Greater wing of sphenoid boneAngle and ramus of mandible

Coronoid process of mandible



Medial surface of mandible, near its angle

Mandibular condyleCloses jaw and elevates mandible

Closes jaw; elevates and retracts mandible

Synergist of
temporalis and
masseter; elevates mandible; in conjunction with lateral pterygoid, aids in grinding movements

Protracts jaw (moves it anteriorly); in
conjunction with medial pterygoid,
aids in grinding movements of teeth

Table 15.2 Anterolateral Muscles of Human Neck (see Figure 15.5)Muscle Comments Origin  Insertion
Action

Superficial

(continued)

Platysma



Sternocleidomastoid

Scalenes—anterior, middle, and

posteriorUnpaired muscle: thin, sheetlike

superficial neck

muscle, not strictly a head muscle but plays role in facial expression (see also Fig. 15.4a)

Two-headed muscle located deep to platysma on
anterolateral surface of neck; fleshy parts on either side
indicate limits of anterior and posterior triangles of neck

Located more on
lateral than anterior neck; deep to platysma and sternocleidomastoid (see Fig. 15.5¢)Fascia of chest (over pectoral muscles) and deltoid

Manubrium of
sternum and medial portion of clavicle

Transverse processes of cervical vertebraeLower margin of mandible, skin, and muscle at corner of mouth

Mastoid process of temporal bone and superior nuchal line of occipital bone

Anterolaterally on ribs 1-2Depresses mandible; pulls lower lip back and down (i.e.,
produces downward sag of the mouth)



Simultaneous

contraction of both muscles of pair causes flexion of neck

forward, generally against resistance

(as when lying on

the back); acting independently, rotate head toward shoulder on opposite side

Flex and slightly
rotate neck; elevate ribs 1-2 (aid in inspiration)

Table 15.2 Anterolateral Muscles of Human Neck (continued) Muscle Comments Origin  Insertion Action

Deep (Figure 15.5a,b)

Digastric

Stylohyoid

Mylohyoid

Sternohyoid



Sternothyroid
Omohyoid
ThyrohyoidConsists of two bellies united by an intermediate tendon; assumes a

V-shaped configuration under chin

Slender muscle parallels
posterior border of digastric; below angle of jaw
Just deep to digastric; forms floor of mouth

Runs most medially along neck; straplike

Lateral and deep to sternohyoid

Straplike with two bellies;
lateral to sternohyoid

Appears as a superior continuation of sternothyroid muscleLower margin of mandible (anterior belly) and mastoid process (posterior belly)
Styloid process of
temporal

Medial surface of mandible

Manubrium and medial end of clavicle

Posterior surface of manubrium
Superior surface of scapula

Thyroid cartilageBy a connective tissue loop to hyoid bone

Hyoid bone

Hyoid bone and median raphe

Lower margin of body of hyoid bone

Thyroid cartilage of larynx



Hyoid bone; inferior border

Hyoid boneActing in concert, elevate hyoid bone; open mouth and depress mandible
Elevates and retracts hyoid bone

Elevates hyoid bone and base of tongue during swallowing

Acting with sternothyroid and omohyoid (all inferior to hyoid bone), depresses larynx and hyoid bone if mandible is fixed; may also flex
skull

(See Sternohyoid above)
(See Sternohyoid above)

Depresses hyoid bone; elevates larynx if hyoid is fixed

Table 15.3 Anterior Muscles of Human Thorax, Shoulder, and Abdominal Wall
(see Figures 15.6, 15.7, and 15.8)Muscle Comments Origin  Insertion Action

Thorax and Shoulder, Superficial (Figure 15.6)

(continued)Pectoralis major

Serratus anterior



DeltoidLarge fan-shaped muscle covering upper portion of chest

Fan-shaped muscle deep to scapula; beneath and inferior to pectoral muscles on lateral rib cage

Fleshy triangular muscle forming shoulder muscle
mass; intramuscular injection siteClavicle, sternum,
cartilage of ribs 1-6 (or 7), and aponeurosis of external oblique muscle

Lateral aspect of ribs 1-8 (or 9)

Lateral + of clavicle; acromion and spine of scapulaFibers converge to insert by short tendon into intertubercular groove of humerus

Vertebral border of anterior surface of scapula

Deltoid tuberosity of humerusPrime mover of arm flexion; adducts, medially rotates arm; with arm fixed, pulls chest upward (thus also acts
in forced inspiration)

Moves scapula forward toward chest wall; rotates scapula, causing inferior angle to move laterally and upward; abduction and raising of
arm

Acting as a whole, prime mover of arm abduction; when only specific fibers are active, can aid in flexion, extension, and rotation of
humerus

Table 15.3 Anterior Muscles of Human Thorax, Shoulder, and Abdominal Wall
(see Figures 15.6, 15.7, and 15.8) (continued)Muscle Comments Origin  Insertion Action

Thorax and Shoulder, Superficial (continued)

Thorax, Deep: Muscles of Respiration (Figure 15.7)



Abdominal Wall (Figure 15.8a and b)

*The linea alba (white line) is a narrow, tendinous sheath that runs along the middle of the abdomen from the sternum to the pubic
symphysis. It is formed by the fusion of the aponeurosis of the external oblique and transversus muscles.Pectoralis minorFlat, thin
muscle directly beneath and obscured by pectoralis major Anterior surface of ribs 3-5, near their costal cartilagesCoracoid
process of scapulaWith ribs fixed, draws scapula forward and inferiorly; with scapula fixed, draws rib cage superiorlyExternal
intercostals

Internal intercostals

Diaphragm11 pairs lie between ribs; fibers run obliquely downward and forward toward sternum
11 pairs lie between ribs; fibers run deep and at right angles to those of external intercostals

Broad muscle; forms floor of thoracic cavity; dome-shaped in relaxed state; fibers converge from margins of thoracic cage toward a central
tendonlInferior border of rib above (not shown in figure)

Superior border of rib below

Inferior border of rib and sternum, costal cartilages of last six ribs and lumbar
vertebraeSuperior border of rib below

Inferior border of rib above (not shown in figure)



Central tendonPulls ribs toward one another to elevate rib cage; aids in inspiration

Draws ribs together to depress rib cage; aids in forced expiration; antagonistic to external intercostals

Prime mover of inspiration flattens on contraction, increasing vertical dimensions of thorax; increases intra-abdominal pressureRectus
abdominis

External oblique

Internal oblique

Transversus
abdominisMedial superficial muscle, extends from pubis to rib cage;
ensheathed by aponeuroses of oblique muscles; segmented

Most superficial
lateral muscle; fibers run downward and medially; ensheathed by an aponeurosis

Most fibers run at right angles to those of external oblique, which it underlies

Deepest muscle of abdominal wall; fibers run horizontallyPubic crest and
symphysis

Anterior surface of last eight ribs

Lumbar fascia, iliac crest, and
inguinal ligament

Inguinal ligament,
iliac crest, cartilages of last five or six ribs, and lumbar fasciaXiphoid process and costal cartilages of ribs 5-7

Linea alba,* pubic crest and tubercles, and iliac crest

Linea alba, pubic crest, and costal cartilages of last three ribs



Linea alba and pubic crestFlexes and rotates vertebral column; increases abdominal pressure; fixes and depresses ribs; stabilizes pelvis
during walking; used in sit-ups and curls

See rectus abdominis, above; also aids muscles of back in trunk rotation and lateral flexion; used in oblique curls

As for external oblique

Compresses
abdominal contents ~ Gross Anatomy of the Muscular System#

Table 15.4 Posterior Muscles of Human Trunk (see Figure 15.9)Muscle Comments Origin  Insertion
Action

Muscles of the Neck, Shoulder, and Thorax (Figure 15.9a)

Trapezius

Latissimus dorsi



Infraspinatus

Teres minor

Teres majorMost superficial
muscle of posterior thorax; very broad origin and insertion

Broad flat muscle of lower back (lumbar region); extensive
superficial origins

Partially covered by deltoid and trapezius; a rotator cuff muscle

Small muscle inferior to infraspinatus; a
rotator cuff muscle

Located inferiorly to teres minorOccipital bone; ligamentum nuchae; spines of C7 and all thoracic vertebrae

Indirect attachment to spinous processes of lower six thoracic
vertebrae, lumbar
vertebrae, last three to four ribs, and iliac crest

Infraspinous fossa of scapula
Lateral margin of scapula
Posterior surface at

inferior angle of scapulaAcromion and spinous process of scapula;
lateral third of clavicle

Floor of intertubercular groove of humerus

Greater tubercle of humerus

Greater tubercle of humerus



Intertubercular groove of humerusExtends head,; raises,
rotates, and retracts (adducts) scapula and
stabilizes it; superior fibers elevate scapula (as in shrugging the shoulders); inferior fibers depress it

Prime mover of arm
extension; adducts and medially rotates arm;
depresses scapula; brings arm down in power stroke, as in striking a blow

Lateral rotation of humerus; helps hold head of humerus in glenoid
cavity; stabilizes shoulder

As for infraspinatus

Extends, medially rotates, and adducts humerus; synergist of latissimus dorsi

Table 15.4 (continued)Muscle Comments Origin  Insertion Action

Muscles Associated with the Vertebral Column (Figure 15.9b)

Levator scapulae

Rhomboids—
major and minorObscured by trape-zius; a rotator cuff muscle

Located at back and side of neck, deep to trapezius

Beneath trapezius and inferior to levator scapulae; rhomboid minor is the more
superior muscleSupraspinous fossa of scapula

(continued)Supraspinatus



Transverse processes of C1—Cy

Spinous processes of C7 and T1-TgGreater tubercle of humerus

Medial border of scapula superior to spine

Medial border of scapulaAssists abduction of humerus; stabilizes shoulder joint
Elevates and adducts scapula; with fixed scapula, flexes neck to the same side

Pulls scapula medially (retraction); stabilizes scapula; rotates
glenoid cavity
downwardSemispinalisDeep composite muscle of the back—thoracis, cervicis, and capitis portions

Transverse processes of C7-T1o

Occipital bone and spinous processes of cervical vertebrae and T1-Ty
Acting together,

extend head and

vertebral column;
acting independently (right vs. left) causes rotation toward the opposite side

Table 15.4 Posterior Muscles of Human Trunk (continued)Muscle Comments Origin  Insertion Action

Erector spinaeA long tripartite muscle composed of iliocostalis (lateral), longissimus, and spinalis (medial) muscle columns;

superficial to semispinalis muscles; extends from pelvis to headlliac crest, transverse processes of lumbar, thoracic, and cervical vertebrae,
and/or ribs 3—6 depending on specific partRibs and transverse processes of vertebrae about six segments above origin; longissimus also
inserts into mastoid processExtend and bend the vertebral column

laterally; fibers of the longissimus also

extend head

Table 15.4 (continued)Muscle Comments Origin  Insertion Action



Splenius (see
Figure 15.9¢)

Quadratus
lumborum Superficial muscle (capitis and cervicis parts)
extending from upper thoracic region to skull

Forms greater portion of posterior abdominal wallLigamentum nuchae and spinous processes of C;-Tg

Iliac crest and
lumbar fasciaMastoid process,
occipital bone, and transverse processes of Co—-Cy

Inferior border of rib 12; transverse processes of lumbar vertebraeAs a group, extend or
hyperextend head;

when only one side is

active, head is rotated and bent toward the same side

Each flexes vertebral
column laterally; together extend the lumbar spine and fix rib 12; maintains upright posture

Triceps brachii



Anconeus

Biceps brachii

Brachioradialis

Brachialis Sole, large fleshy
muscle of posterior humerus; three-headed origin

Short triangular muscle blended with triceps

Most familiar muscle of anterior humerus
because this two-headed muscle bulges when forearm is flexed

Superficial muscle of lateral forearm; forms lateral boundary of
antecubital fossa

Immediately deep to biceps brachiiLong head—inferior margin of glenoid
cavity; lateral head—

posterior humerus;

medial head—distal

radial groove on

posterior humerus

Lateral epicondyle of humerus

Short head: coracoid process; tendon of long head runs in
intertubercular groove and within capsule of shoulder joint
Lateral ridge at distal end of humerus

Distal portion of
anterior humerus Olecranon process of ulna

Lateral aspect of olecranon process of ulna

Radial tuberosity

Base of styloid process of radius



Coronoid process of ulnaPowerful forearm
extensor; antagonist
of forearm flexors (brachialis and biceps brachii)

Abducts ulna during forearm pronation;
extends elbow

Flexion (powerful) of elbow and supination of forearm; “it turns the corkscrew and pulls the cork’’; weak arm flexor
Synergist in forearm flexion

A major flexor of
forearm

Table 15.6 Muscles of Human Forearm that Act on Hand and Fingers (see Figure 15.11) Muscle Comments
Origin Insertion Action

Anterior Compartment (Figure 15.11a, b, ¢)

Superficial

(continued)Pronator teres

Flexor carpi
radialis

Palmaris longus Seen in a superficial view between
proximal margins of brachioradialis and flexor carpi radialis

Superficial; runs diagonally across forearm

Small fleshy muscle with a long tendon; medial to flexor
carpi radialisMedial epicondyle

of humerus and

coronoid process of ulna

Medial epicondyle of humerus

Medial epicondyle of humerusMidshaft of radius



Base of metacarpals 2 and 3

Palmar aponeurosis; skin and fascia of palm Acts synergistically with pronator
guadratus to pronate forearm; weak
elbow flexor

Powerful flexor of wrist; abducts hand

Flexes wrist (weak); tenses skin and fascia of palm

Table 15.6 Muscles of Human Forearm that Act on Hand and Fingers (continued)Muscle Comments Origin
Insertion Action

Deep

Posterior Compartment (Figure 15.11d, e, f)

Superficial

Deep



Flexor carpi
ulnaris

Flexor digitorum superficialisSuperficial; medial to palmaris longus

Deeper muscle (deep to muscles named above); visible at
distal end of forearmMedial epicondyle of humerus and olecranon process and posterior surface of ulna

Medial epicondyle of humerus, coronoid process of ulna, and shaft of radiusBase of metacarpal 5; pisiform and hamate bones

Middle phalanges of fingers 2-5Powerful flexor of wrist; adducts hand

Flexes wrist and
middle phalanges of fingers 2-5Flexor pollicis longus

Flexor digitorum profundus

Pronator
quadratusDeep muscle of anterior forearm; distal to and paralleling lower margin of flexor digitorum superficialis

Deep muscle;
overlain entirely by flexor digitorum
superficialis

Deepest muscle of distal forearmAnterior surface of
radius, and interos-seous membrane

Anteromedial surface of ulna, interosseous membrane, and coronoid process

Distal portion of anterior ulnar surfaceDistal phalanx of thumb

Distal phalanges of
fingers 2-5

Anterior surface of
radius, distal endFlexes thumb (pollex is Latin for “thumb”)

Sole muscle that flexes distal
phalanges; assists in wrist flexion

Pronates forearmExtensor carpi
radialis longus



Extensor carpi
radialis brevis

Extensor
digitorum

Extensor carpi

ulnarisSuperficial; parallels brachioradialis on

lateral forearm

Deep to extensor carpi radialis longus

Superficial; medial to extensor carpi radialis brevis

Superficial; medial posterior forearmLateral supracondylar ridge of humerus

Lateral epicondyle of humerus

Lateral epicondyle of humerus
Lateral epicondyle of humerus; posterior border of ulnaBase of metacarpal 2
Base of metacarpal 3

By four tendons into distal phalanges of
fingers 2-5

Base of metacarpal 5Extends and abducts wrist

Extends and abducts wrist; steadies wrist during finger flexion

Prime mover of finger extension; extends wrist; can flare (abduct) fingers

Extends and adducts wristExtensor pollicis longus and brevis

Abductor pollicis longus

SupinatorMuscle pair with a common origin and action; deep to extensor carpi ulnaris
Deep muscle; lateral and parallel to extensor pollicis longus

Deep muscle at
posterior aspect of
elbowDorsal shaft of ulna and radius, interos-seous membrane

Posterior surface of radius and ulna; interosseous membrane



Lateral epicondyle of humerus; proximal ulnaBase of distal phalanx of thumb (longus) and proximal phalanx of thumb (brevis)

Metacarpal 1 and trapezium

Proximal end of radiusExtends thumb

Abducts and extends thumb

Acts with biceps brachii to supinate forearm; antagonist of pronator muscles  Gross Anatomy of the Muscular System#

Table 15.7 Muscles Acting on Human Thigh and Leg, Anterior and Medial Aspects (see Figure 15.12)Muscle
Comments Origin  Insertion Action

Origin on the Pelvis

Medial Compartment

(continues on page 160)Iliopsoas—iliacus
and psoas major



SartoriusTwo closely related muscles; fibers pass under inguinal ligament to insert into femur via a common tendon; iliacus is more lateral

Straplike superficial muscle running obliquely across
anterior surface of thigh to kneelliacus—iliac fossa and crest, lateral sacrum;
psoas major—transverse processes, bodies, and discs of T15 and lumbar vertebrae

Anterior superior
iliac spineOn and just below lesser trochanter of femur

By an aponeurosis into medial aspect of proximal tibiaFlex trunk on thigh; flex thigh; lateral flexion of vertebral column (psoas)

Flexes, abducts, and

laterally rotates thigh; flexes knee; known as

“tailor’s muscle”

because it helps effect cross-legged position in which tailors are often depicted Adductors—magnus, longus, and brevis

Pectineus

Gracilis Large muscle mass forming medial
aspect of thigh; arise from front of pelvis and insert at various levels on femur

Overlies adductor
brevis on proximal thigh

Straplike superficial muscle of medial thigh Magnus—ischial and pubic rami and
ischial tuberosity; longus—pubis near pubic symphysis; brevis—body and
inferior ramus of

pubis

Pectineal line of
pubis (and superior ramus)

Inferior ramus and body of pubisMagnus—Ilinea
aspera and

adductor tubercle of femur;

longus and brevis—Ilinea

aspera



Inferior from lesser trochanter to linea aspera of femur

Medial surface of tibia just inferior to medial condyle Adduct and medially
rotate and flex thigh; posterior part of

magnus is also a

synergist in thigh

extension

Adducts, flexes, and
medially rotates thigh

Adducts thigh; flexes
and medially rotates leg, especially during walking Gross Anatomy of the Muscular System#

Table 15.7 Muscles Acting on Human Thigh and Leg, Anterior and Medial Aspects (continued)Muscle
Comments Origin  Insertion Action

Anterior Compartment
Quadriceps femoris*




*The quadriceps form the flesh of the anterior thigh and have a common insertion
in the tibial tuberosity via the patellar tendon. They are powerful leg extensors,
enabling humans to kick a football, for example. Rrectus femoris

Vastus lateralis

Vastus medialis

Vastus intermedius

Tensor fasciae lataeSuperficial muscle of thigh; runs straight down thigh; only muscle of group to cross hip joint

Forms lateral aspect of thigh

Forms inferomedial aspect of thigh
Obscured by rectus femoris; lies between vastus lateralis and vastus medialis on anterior thigh

Enclosed between fascia layers of thighAnterior inferior iliac spine and superior margin of
acetabulum

Greater trochanter, intertrochanteric line, and linea aspera

Linea aspera and
intertrochanteric line

Anterior and lateral surface of femur

Anterior aspect of
iliac crest and anterior superior iliac spineTibial tuberosity and patella

Tibial tuberosity and patella

Tibial tuberosity and patella
Tibial tuberosity and patella

lliotibial tract
(lateral portion of fascia lata)Extends knee and flexes thigh at hip



Extends and stabilizes knee

Extends knee; stabilizes patella

Extends knee

Flexes, abducts, and
medially rotates thigh; steadies trunk Table 15.8 Muscles Acting on Human Thigh and Leg, Posterior Aspect (see
Figure 15.13)Muscle Comments Origin  Insertion Action

Origin on the Pelvis

Posterior Compartment

HamstringsT

Gluteus maximus

Gluteus medius

Gluteus minimus (not shown in figure)Largest and most
superficial of gluteal muscles (which form buttock mass);
important injection site

Partially covered by gluteus maximus; important injection site



Smallest and deepest gluteal muscleDorsal ilium,
sacrum, and coccyx

Upper lateral surface of ilium

External inferior
surface of iliumGluteal tuberosity of femur and iliotibial tract*

Greater trochanter of femur

Greater trochanter of femurComplex, powerful thigh extensor (most effective when
thigh is flexed, as in climbing stairs—but not as in walking); antagonist of iliopsoas;
laterally

rotates and abducts thigh

Abducts and medially

rotates thigh; steadies pelvis during walking

Abducts and medially

rotates thigh; steadies pelvis Biceps femorisMost lateral muscle of group; arises from two headslschial tuberosity (long head); linea
aspera and distal

femur (short head) Tendon passes laterally to insert into head of fibula and lateral condyle of tibiaExtends thigh; laterally

rotates leg; flexes knee Gross Anatomy of the Muscular System#

Table 15.8 (continued)Muscle Comments Origin  Insertion Action

*The iliotibial tract, a thickened lateral portion of the fascia lata, ensheathes all the muscles of the thigh. It extends as a tendinous band from the iliac crest to
the knee.

TThe hamstrings are the fleshy muscles of the posterior thigh. The name comes from the butchers’ practice of using the tendons of these muscles to hang
hams for smoking. As a group, they are strong extensors of the hip; they counteract the powerful quadriceps by stabilizing the knee joint when
standing. Semitendinosus

SemimembranosusMedial to biceps femoris

Deep to semitendinosuslschial tuberosity

Ischial tuberosityMedial aspect of upper tibial shaft
Medial condyle of tibia; lateral condyle of femurExtends thigh; flexes knee; medially rotates leg

Extends thigh; flexes knee; medially rotates leg



Table 15.9 Muscles Acting on Human Foot and Ankle (see Figures 15.14 and 15.15)Muscle Comments
Origin Insertion Action

Lateral Compartment (Figure 15.14a, b and Figure 15.15c¢)

Anterior Compartment (Figure 15.14a, b)

(continues on page 164)Fibularis (peroneus) longus

Fibularis (peroneus) brevisSuperficial lateral
muscle; overlies fibula

Smaller muscle; deep to fibularis longusHead and upper
portion of fibula

Distal portion of fibula shaftBy long tendon
under foot to metatarsal 1 and medial cuneiform

By tendon running behind lateral malleolus to insert on proximal end of metatarsal 5Plantar flexes and everts foot; helps keep foot flat on
ground

Plantar flexes and everts foot, as part of peronei groupTibialis anterior



Extensor digitorum longus

Fibularis (peroneus) tertius

Extensor hallucis longusSuperficial muscle of anterior leg; parallels sharp anterior margin of tibia

Anterolateral surface of leg; lateral to tibialis anterior

Small muscle; often fused to distal part of extensor digitorum longus

Deep to extensor

digitorum longus and tibialis anteriorLateral condyle and upper #; of tibia;
interosseous

membrane

Lateral condyle of tibia; proximal #4 of fibula; interosseous
membrane

Distal anterior
surface of fibula and interosseous
membrane

Anteromedial shaft of fibula and interosseous membraneBy tendon into
inferior surface of first cuneiform and metatarsal 1

Tendon divides into four parts; inserts into middle and
distal phalanges of toes 2-5

Tendon inserts on dorsum of metatarsal 5

Tendon inserts on distal phalanx of great toePrime mover of
dorsiflexion; inverts foot; supports longitudinal arch of foot

Prime mover of toe
extension; dorsiflexes foot

Dorsiflexes and everts foot

Extends great toe;
dorsiflexes foot Gross Anatomy of the Muscular System#

Table 15.9 Muscles Acting on Human Foot and Ankle (continued)Muscle
Action

Posterior Compartment

Superficial (Figure 15.15a)

Comments

Origin

Insertion



(continues on page 166)

Triceps surae

Gastrocnemius

Soleus

PopliteusMuscle pair that shapes posterior calf

Superficial muscle of pair; two prominent bellies

Deep to
gastrocnemius

Thin muscle at
posterior aspect of kneeVia common tendon (calcaneal, or Achilles) into heel

Calcaneus via
calcaneal tendon

Calcaneus via
calcaneal tendon

Proximal tibiaPlantar flex foot

Plantar flexes foot when knee is extended; crosses knee joint; thus can flex knee (when foot is dorsiflexed)
Plantar flexion; is an important muscle for locomotion

Flexes and rotates leg medially to “unlock” extended knee when knee flexion beginsBy two heads from medial and lateral condyles of
femur

Proximal portion of tibia and fibula; interosseous membrane

Lateral condyle of femur and lateral meniscus ~ Gross Anatomy of the Muscular System#



Table 15.9 Muscles Acting on Human Foot and Ankle (continued)Muscle Comments Origin  Insertion
Action

Deep (Figure 15.15b—e)

Tibialis posterior

Flexor digitorum longus

Flexor hallucis longus (see also Figure 15.14a)Thick muscle deep to soleus

Runs medial to and partially overlies
tibialis posterior

Lies lateral to
inferior aspect of tibialis posteriorSuperior portion of tibia and fibula and interosseous
membrane

Posterior surface of tibia

Middle portion of fibula shaft; inter-
osseous membraneTendon passes obliquely behind medial malleolus and under arch of foot;
inserts into several tarsals and metatarsals 2—4

Distal phalanges of toes 2-5

Tendon runs under foot to distal phalanx of great toePrime mover of foot inversion; plantar flexes foot; stabilizes longitudinal arch of foot



Flexes toes; plantar flexes and inverts foot

Flexes great toe (hallux 5 great toe); plantar flexes and inverts foot; the “push-off
muscle” during walking

Figure 15.1 Relationship of fascicle arrangement to muscle structure. Gross Anatomy of the Muscular System##
Exercise 15

Figure 15.2 Anterior view of superficial muscles of the body. The abdominal surface has been partially dissected on the
left side of the body to show somewhat deeper muscles.  Gross Anatomy of the Muscular System#

Figure 15.4 Muscles of the head (left lateral view).
(a) Superficial muscles. (b) Photo of superficial structures of head and neck.# Exercise 15

Figure 15.3 Posterior view of superficial muscles of the body.# Exercise 15

Figure 15.4 (continued) Muscles of the head: mastication. (c) Lateral view of the temporalis, masseter, and
buccinator muscles. (d) Lateral view of the deep chewing muscles, the medial and lateral pterygoid muscles. Gross Anatomy of the
Muscular System#

Figure 15.5 Muscles of the anterolateral neck and throat. (a) Photo of the anterior and lateral regions of the neck. The
fascia has been partially removed (left side of the photo) to expose the sternocleidomastoid muscle. On the right side of the photo, the
sternocleidomastoid muscle is reflected to expose the sternohyoid and omohyoid muscles. # Exercise 15

Figure 15.5 (continued) Muscles of the anterolateral neck and throat. (b) Anterior view of deep neck muscles
(suprahyoid and infrahyoid). (c) Sternocleidomastoid and scalenes shown in an isolated view. Gross Anatomy of the Muscular
System#

Figure 15.6 Superficial muscles of the thorax and shoulder acting on the scapula and arm

(anterior view). The superficial muscles, which effect arm movements, are shown on the left. These muscles have been removed on the
right side of the figure to show the muscles that stabilize or move the pectoral girdle.#  Exercise 15

Figure 15.7 Deep muscles of the thorax: muscles of respiration.

(a) The external intercostals (inspiratory muscles) are shown on the left and the internal intercostals (expiratory muscles) are shown on the
right. These two muscle layers run obliquely and at right angles to each other. (b) Inferior view of the diaphragm, the prime mover of
inspiration. Notice that its muscle fibers converge toward a central tendon, an arrangement that causes the diaphragm to flatten and move
inferiorly as it contracts. The diaphragm and its tendon are pierced by the great vessels (aorta and inferior vena cava) and the esophagus.

Figure 15.8 Anterior view of the muscles

forming the anterolateral abdominal wall. (a) The superficial muscles have been partially cut away on the left side of the diagram
to reveal the deeper internal oblique and transversus abdominis muscles. # Exercise 15

Figure 15.8 (continued) Anterior view of the muscles forming the anterolateral abdominal wall. (b) Photo of
the anterolateral abdominal wall. Gross Anatomy of the Muscular System#



Figure 15.9 Muscles of the neck, shoulder, and thorax (posterior view). (a) The superficial muscles of the back are

shown for the left side of the body, with a corresponding photograph. The superficial muscles are removed on the right side of the

illustration to reveal the deeper muscles acting on the scapula and the rotator cuff muscles that help to stabilize the shoulder joint. #
Exercise 15

Figure 15.9 (continued) Muscles of the neck, shoulder, and thorax (posterior view). (b) The erector spinae and
semispinalis muscles, which respectively form the intermediate and deep muscle layers of the back associated with the vertebral column.
Gross Anatomy of the Muscular System#

Figure 15.9 (continued) Muscles of the neck, shoulder, and thorax (posterior view). (c) Deep (splenius)

muscles of the posterior neck. Superficial muscles have been removed.# Exercise 15T able 15.5 Muscles of Human
Humerus that Act on the Forearm (see Figure 15.10)Muscle  Comments Origin  Insertion Action

Figure 15.10 Muscles causing movements of the forearm. (a) Superficial muscles of the anterior thorax,
shoulder, and arm, anterior view. (b) Posterior aspect of the arm showing the lateral and long heads of the triceps brachii muscle. Gross
Anatomy of the Muscular System#

Figure 15.11 Muscles of the forearm and wrist. (a) Superficial anterior view of right forearm and hand.

(b) The brachioradialis, flexors carpi radialis and ulnaris, and palmaris longus muscles have been removed to reveal the position of the
somewhat deeper flexor digitorum superficialis. (c) Deep muscles of the anterior compartment. Superficial muscles have been removed.
Note: The thenar muscles of the thumb and the lumbricals that help move the fingers are illustrated here but are not described in Table
15.6.# Exercise 15

Figure 15.11 (continued) Muscles of the forearm and wrist. (d) Superficial muscles, posterior view.
(e) Deep posterior muscles; superficial muscles have been removed. The interossei, the deepest layer of instrinsic hand muscles, are also
illustrated. (f) Photo of deep posterior muscles of the right forearm. The superficial muscles have been removed.# Exercise 15

Figure 15.12 Anterior and medial muscles

promoting movements of the thigh and leg.

(a) Anterior view of the deep muscles of the pelvis and superficial muscles of the right thigh. (b) Adductor muscles of the medial
compartment of the thigh. (c) The vastus muscles (isolated) of the quadriceps group.#  Exercise 15

Figure 15.13 Muscles of the posterior aspect of the right hip and thigh. (a) Superficial view showing the gluteus
muscles of the buttock and hamstring muscles of the thigh. (b) Photo of muscles of the posterior thigh.# Exercise 15

Figure 15.14 Muscles of the anterolateral aspect of the right leg. (a) Superficial view of lateral aspect of the leg,
illustrating the positioning of the lateral compartment muscles (fibularis longus and brevis) relative to anterior and posterior leg muscles.
(b) Superficial view of anterior leg muscles.#  Exercise 15



Figure 15.15 Muscles of the posterior aspect of the right leg. (a) Superficial view of the posterior leg. (b) The triceps
surae has been removed to show the deep muscles of the posterior compartment.# Exercise 15

Figure 15.15 (continued) Muscles of the posterior aspect of the right leg. (C=€) Individual muscles
are shown in isolation so that their origins and insertions may be visualized.



exercise
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Skeletal Muscle Physiology:

Frogs and Human Subjects
Objectives

1. To observe muscle contraction on the microscopic level and describe the role of ATP and various ions in
muscle contraction.
2. To define and explain the physiological basis of the following:
depolarization
repolarization
action potential
absolute and relative refractory periods
subthreshold stimulus
threshold stimulus
maximal stimulus
treppe
wave summation
tetanus
muscle fatigue

3. To trace the events that result from the electrical stimulation of a muscle.

4. To recognize that a graded response of skeletal muscle is a function of the number of muscle fibers stimulated
and the frequency of the stimulus.

5. To name and describe the phases of a muscle twitch.

6. To distinguish between a muscle twitch and a sustained (tetanic) contraction and to describe their importance
in normal muscle activity.

7. To demonstrate how a computer or physiograph can be used to obtain pertinent and representative recordings
of various physiological events of skeletal muscle activity.

8. To explain the significance of muscle tracings obtained during experimentation.

Materials

g ATP muscle kits (glycerinated rabbit psoas muscle;* ATP and salt solutions obtainable from Carolina
Biological Supply)

Petri dishes
Microscope slides
Coverslips

Millimeter ruler
Compound microscope

o 0O o o o



Stereomicroscope

Pointed glass probes (teasing needles)
Small beakers (50 ml)

Distilled water

Glass-marking pencil

Copies of textbooks or other heavy books
Watch or timer

Ringer’s solution (frog)

Scissors

Metal needle probes

Medicine dropper

Cotton thread

Forceps

Disposable gloves

Glass or porcelain plate

Pithed bullfrogT
Apparatus A or B¥

o 0O o 0 0 0 0 0 0 0 0 0 o0 o900 o o0 .o

A: physiograph, physiograph paper and ink, myograph, pin electrodes, stimulator, stimulator output extension
cable, transducer stand and cable, straight pins, frog board, laboratory stand, clamp

B. BIOPAC® MP30 (or MP35) data acquisition unit, PC or Macintosh (Mac) computer with at least 4MB of
RAM available above and beyond the operating system needs and any other programs that are running,
BIOPAC Student Lab Software v3.0 or greater, wall transformer, serial cable, electrode lead set, hand
dynamometer, headphones, metric tape measure, disposable vinyl electrodes, and conduction gel.

PhysioEx™ 5.0 Computer Simulation on page P-1Notes to the Instructor:

At the beginning of the lab, the muscle bundle should be removed from the test tube and cut into approximately 2-cm lengths. Both the
cut muscle segments and the entubed glycerol should be put into a petri dish. One muscle segment is sufficient for each two to four
students making observations.

TBuIIfrogs to be pithed by lab instructor as needed for student experimentation. (If instructor prefers that students pith their own
specimens, an instructional sheet on that procedure suitable for copying for student handouts is provided in the Instructor’s Guide.)

iAdditionaIIy, instructions for Activity 3 using a kymograph or PowerLab equipment can be found in the Instructor’s Guide ## Exercise
16A

Muscle Activity

T he contraction of skeletal and cardiac muscle fibers can be considered in terms of three events—electrical excitation of the

muscle cell, excitation-contraction coupling, and shortening of the muscle cell due to sliding of the myofilaments within it.
At rest, all cells maintain a potential difference, or voltage, across their plasma membrane; the inner face of the

membrane is approximately 260 to 290 millivolts (mV) compared with the cell exterior. This potential difference is a result

of differences in membrane permeability to cations, most importantly sodium (Nal) and potassium (Kl) ions. Intracellular
potassium concentration is much greater than its extracellular concentration, and intracellular sodium concentration is
considerably less than its extracellular concentration. Hence, steep concentration gradients across the membrane exist for

both cations. However, because the plasma membrane is slightly more permeable to K1 than to Nal, Nal influx into the cell
is inadequate to balance K1 outflow. The result of this unequal Nal-K1 diffusion across the membrane establishes the cell’s
resting membrane potential. The resting membrane potential is of particular interest in excitable cells, like muscle cells and

neurons, because changes in that voltage underlie their ability to do work (to contract or to signal in muscle cells and
neurons, respectively).



Action Potential

When a muscle cell is stimulated, the sarcolemma becomes temporarily permeable to Nal, which rushes into the cell. This

sudden influx of Nal alters the membrane potential. That is, the cell interior becomes less negatively charged at that point, an
event called depolarization. When depolarization reaches a certain level and the sarcolemma momentarily changes its

polarity, a depolarization wave travels along the sarcolemma. Even as the influx of Nal occurs, the sarcolemma becomes

impermeable to Nal and permeable to Kl Consequently, K1 leak out of the cell, restoring the resting membrane potential
(but not the original ionic conditions), an event called repolarization. The repolarization wave follows the depolarization
wave across the sarcolemma. This rapid depolarization and repolarization of the membrane that is propagated along the
entire membrane from the point of stimulation is called the action potential.

While the sodium gates are still open, there is no possibility of another response and the muscle cell is said to be in the
absolute refractory period. The relative refractory period is the period after the sodium gates have closed when
potassium gates are open and repolarization is ongoing. Especially strong stimuli may provoke a contraction during this part
of the refractory period. Repolarization restores the muscle cell’s excitability. Temporarily, the sodium-potassium pump,

which actively transports K2 into the cell and Nal out of the cell, need not be “revved up.” But if the cell is stimulated to

contract again and again in rapid-fire order, the loss of K1 and gain of Nal occurring during action potential generation
begins to reduce its ability to respond. And so, eventually the sodium-potassium pump must become more active to
reestablish the ionic concentrations of the resting state.

Contraction

Propagation of the action potential along the sarcolemma causes the release of calcium ions (Ca21) from storage in the
tubules of the sarcoplasmic reticulum within the muscle cell. When the calcium ions bind to regulatory proteins on the actin
myofilaments, they act as an ionic trigger that initiates contraction, and the actin and myosin filaments slide past each other.
Once the action potential ends, the calcium ions are almost immediately transported back into the tubules of the sarcoplasmic
reticulum. Instantly the muscle cell relaxes.

The events of the contraction process can most simply be summarized as follows: muscle cell contraction is initiated by
generation and transmission of an action potential along the sarcolemma. This electrical event is coupled to the sliding of the

myofilaments—contraction—Dby the release of Ca2l, Keep in mind this sequence of events as you conduct the experiments.

Activity 1:
Observing Muscle Fiber Contraction

In this simple observational experiment, you will have the opportunity to review your understanding of muscle cell anatomy

and to watch fibers respond to the presence of ATP and/or a solution of k1 and magnesium ions (M921).

This experiment uses preparations of glycerinated muscle. The glycerination process denatures troponin and
tropomyosin. Consequently, calcium, so critical for contraction in vivo, is not necessary here. The role of magnesium and
potassium salts as cofactors in the contraction process is not well understood, but magnesium and potassium salts seem to be
required for ATP-ase activity in this system.

1. Talk with other members of your lab group to develop a hypothesis about requirements for muscle fiber contraction for
this experiment. The hypothesis should have three parts: (1) salts only, (2) ATP only, and (3) salts and ATP.

2. Obtain the following materials from the supply area: two glass teasing needles; six glass microscope slides and six
coverslips; millimeter ruler; dropper bottles containing the following solutions: (a) 0.25% ATP in triply distilled water, (b)
0.25% ATP plus 0.05 M KCI plus 0.001 M MgCls in distilled water, and (c) 0.05 M KCI plus 0.001 M MgCl> in distilled
water; a petri dish; a beaker of distilled water; a glass-marking pencil, and a small portion of a previously cut muscle bundle
segment. While you are at the supply area, place the muscle fibers in the petri dish and pour a small amount of glycerol (the
fluid in the supply petri dish) over your muscle cells. Also obtain both a compound and a stereomicroscope and bring them to
your laboratory bench.

3. Using clean fine glass needles, tease the muscle segment to separate its fibers.
The objective is to isolate single muscle cells or fibers for observation. Be patient
and work carefully so that the fibers do not get torn during this isolation procedure.



4. Transfer one or more of the fibers (or the thinnest strands you have obtained) onto a clean microscope slide with a glass
needle, and cover it with a coverslip. Examine the fiber under the compound microscope at low- and then high-power
magnifications to observe the striations and the smoothness of the fibers when they are in the relaxed state.

5. Clean three microscope slides well and rinse in distilled water. Label the slides A, B, and C.

6. Transfer three or four fibers to microscope slide A with a glass needle. Using the needle as a prod, carefully position the
fibers so that they are parallel to one another and as straight as possible. Place this slide under a stereomicroscope and
measure the length of each fiber by holding a millimeter ruler adjacent to it. Alternatively, you can rest the microscope slide
on the millimeter ruler to make your length determinations. Record the data on the chart at the top of the page.

7. Flood the fibers (situated under the stereomicroscope) with several drops of the solution containing ATP, K1, and Mg7-1.
Watch the reaction of the fibers after adding the solution. After 30 seconds (or slightly longer), remeasure each fiber and
record the observed lengths on the chart. Also, observe the fibers to see if any width changes have occurred. Calculate the
degree (or percentage) of contraction by using the following simple formula, and record this data on the chart above.

Initial 2 contracted 5 degree of
length (mm)  length (mm) contraction (mm)

then:

Degree of contraction (mm) 3 1005 % contraction

initial length (mm)

8. Carefully transfer one of the contracted fibers to a clean microscope slide, cover with a coverslip, and observe with the
compound microscope. Mentally compare your initial observations with the view you are observing now. What differences
do you see? (Be specific.)

What zones (or bands) have disappeared?

9. Repeat steps 4 through 8 twice more, using clean slides and fresh muscle cells. On slide B use the solution of ATP in
distilled water (no salts). Then, on slide C use the solution containing only salts (no ATP) for the third series. Record data on
the chart above.

10. Collect the data from all the groups in your laboratory and use this data to prepare a lab report. (See Getting
Started:Writing a Lab Report, page xii.) Include in your discussion the following questions:

What degree of contraction was observed when ATP was applied in the absence of K1 and Mg21?

What degree of contraction was observed when the muscle fibers were flooded with a K1- and Mg21-containing solution
that lacked ATP?

What conclusions can you draw about the importance of ATP, K1, and M921 to the contractile process?




Can you draw exactly the same conclusions from the data provided by each group? List some variables that might have been
introduced into the procedure and that might account for any differences.

Activity 2:
Demonstrating Muscle Fatigue
in Humans

1. Work in small groups. In each group select a subject, a timer, and a recorder.

2. Obtain a copy of the laboratory manual and a copy of the textbook. Weigh each book separately, and then record the
weight of each in the chart above right.

3. The subject is to extend an upper limb straight out in front of him or her, holding the position until the arm shakes or the
muscles begin to ache. Record the time to fatigue on the chart.

4. Allow the subject to rest for several minutes. Now ask the subject to hold the laboratory manual while keeping the arm
and forearm in the same position as in step 3 above. Record the time to fatigue on the chart.

5. Allow the subject to rest again for several minutes. Now ask the subject to hold the textbook while keeping the upper
limb in the same position as in steps 3 and 4 above. Record the time to fatigue on the chart.

6. Each person in the group should take a turn as the subject, and all data should be recorded.
7. What can you conclude about the effect of load on muscle
fatigue? Explain.

Activity 3:
Inducing Contraction in the
Frog Gastrocnemius Muscle

Physiologists have learned a great deal about the way muscles function by isolating muscles from laboratory animals and
then stimulating these muscles to observe their responses. Various stimuli—electrical shock, temperature changes, extremes
of pH, certain chemicals—elicit muscle activity, but laboratory experiments of this type typically use electrical shock. This is
because it is easier to control the onset and cessation of electrical shock, as well as the strength of the stimulus.

Preparing a Muscle
for Experimentation

The preparatory work that precedes the recording of muscle activity tends to be quite time-consuming. If you work in teams
of two or three, the work can be divided. While one of you is setting up the recording apparatus, one or two students can
dissect the frog leg (Figure 16A.1). Experimentation should begin as soon as the dissection is completed.

Various types of apparatus are used to record muscle contraction. All include a way to mark time intervals, a way to
indicate exactly when the stimulus was applied, and a way to measure the magnitude of the contractile response. Instructions



are provided here for setting up physiograph apparatus (Figure 16A.2). Specific instructions for use of recording apparatus
during recording will be provided by your instructor.

Dissection:

Frog Hind Limb

1. Before beginning the frog dissection, have the following supplies ready at your laboratory bench: a small beaker
containing 20 to 30 ml of frog Ringer’s solution, scissors, a metal needle probe, a glass probe with a pointed tip, a medicine
dropper, cotton thread, forceps, a glass or porcelain plate, and disposable gloves. While these supplies are being
accumulated, one member of your team should notify the instructor that you are ready to begin experimentation, so that a
frog can be prepared (pithed). Preparation of a frog in this manner renders it unable to feel pain and prevents reflex
movements (like hopping) that would interfere with the experiments.

2. All students who will be handling the frog should don disposable gloves. Obtain a pithed frog and place it ventral surface
down on the glass plate. Make an incision into the skin approximately midthigh (Figure 16A.1), and then continue the cut
completely around the thigh. Grasp the skin with the forceps and strip it from the leg and hindfoot. The skin adheres more at
the joints, but a careful, persistent pulling motion—somewhat like pulling off a nylon stocking—will enable you to remove it
in one piece. From this point on, the exposed muscle tissue should be kept moistened with the Ringer’s solution to prevent
spontaneous twitches.

3. ldentify the gastrocnemius muscle (the fleshy muscle of the posterior calf) and the calcaneal (Achilles) tendon that
secures it to the heel.

4. Slip a glass probe under the gastrocnemius muscle and run it along the entire length and under the calcaneal tendon to
free them from the underlying tissues.

5. Cut a piece of thread about 10 inches long and use the glass probe to slide the thread under the calcaneal tendon. Knot
the thread firmly around the tendon and then sever the tendon distal to the thread. Alternatively, you can bend a common pin
into a Z-shape and insert the pin securely into the tendon. The thread is then attached to the opposite end of the pin. Once the
tendon has been tied or pinned, the frog is ready for experimentation (see Figure 16A.2).

Recording Muscle Activity

Skeletal muscles consist of thousands of muscle cells and react to stimuli with graded responses. Thus muscle contractions
can be weak or vigorous, depending on the requirements of the task. Graded responses (different degrees of shortening) of a
skeletal muscle depend on the number of muscle cells being stimulated. In the intact organism, the number of motor units
firing at any one time determines how many muscle cells will be stimulated. In this laboratory, the frequency and strength of
an electrical current determines the response.

A single contraction of skeletal muscle is called a muscle twitch. A tracing of a muscle twitch (Figure 16A.3) shows
three distinct phases: latent, contraction, and relaxation. The latent phase is the interval from stimulus application until the
muscle begins to shorten. Although no activity is indicated on the tracing during this phase, important electrical and chemical
changes are occurring within the muscle. During the contraction phase, the muscle fibers shorten; the tracing shows an
increasingly higher needle deflection and the tracing peaks. During the relaxation phase, represented by a downward curve
of the tracing, the muscle fibers relax and lengthen. On a slowly moving recording surface, the single muscle twitch appears
as a spike (rather than a bell-shaped curve, as in Figure 16A.3), but on a rapidly moving recording surface, the three distinct
phases just described become recognizable.

Determining the Threshold Stimulus
1. Assuming that you have already set up the recording apparatus, set the time marker to deliver one pulse per second and
set the paper speed at a slow rate, approximately 0.1 cm per second.

2. Set the duration control on the stimulator between 7 and 15 msec, multiplier 31 and the voltage control at 0 \V/, multiplier
31. Turn the sensitivity control knob of the stimulator fully clockwise (lowest value, greatest sensitivity).

3. Administer single stimuli to the muscle at 1-minute intervals, beginning with 0.1 V and increasing each successive
stimulus by 0.1 V until a contraction is obtained (shown by a spike on the paper).

At what voltage did contraction occur? V



The voltage at which the first perceptible contractile response is obtained is called the threshold stimulus. All stimuli
applied prior to this point are termed subthreshold stimuli, because at those voltages no response was elicited.

4. Stop the recording and mark the record to indicate the threshold stimulus, voltage, and time. Do not remove the record
from the recording surface; continue with the next experiment. Remember: keep the muscle preparation moistened with
Ringer’s solution at all times.

Observing Graded Muscle Response to Increased

Stimulus Intensity

1. Follow the previous setup instructions, but set the voltage control at the threshold voltage (as determined in the first
experiment).

2. Deliver single stimuli at 1-minute intervals. Initially increase the voltage between shocks by 0.5 V; then increase the
voltage by 1 to 2 V between shocks as the experiment continues, until contraction height increases no further. Stop the
recording apparatus.

What voltage produced the highest spike (and thus the maxi-
mal strength of contraction)? V

This voltage, called the maximal stimulus (for your muscle specimen), is the weakest stimulus at which all muscle cells are
being stimulated.

3. Mark the record maximal stimulus. Record the maximal stimulus voltage and the time you completed the experiment.
4. What is happening to the muscle as the voltage is increased?

What is another name for this phenomenon?

5. Explain why the strength of contraction does not increase once the maximal stimulus is reached.

Timing the Muscle Twitch

1. Follow the previous setup directions, but set the voltage for the maximal stimulus (as determined in the preceding
experiment) and set the paper advance or recording speed at maximum. Record the paper speed setting:

mm/sec

2. Determine the time required for the paper to advance
1 mm by using the formula

1 mm

mm/sec (paper speed)

(Thus, if your paper speed is 25 mm/sec, each mm on the chart equals 0.04 sec.) Record the computed value:



1mm5 sec

3. Deliver single stimuli at 1-minute intervals to obtain several “twitch” curves. Stop the recording.
4. Determine the duration of the latent, contraction, and relaxation phases of the twitches and record the data below.

Duration of latent period: sec
Duration of contraction period: sec
Duration of relaxation period: sec

5. Label the record to indicate the point of stimulus, the beginning of contraction, the end of contraction, and the end of
relaxation.

6. Allow the muscle to rest (but keep it moistened with Ringer’s solution) before continuing with the next experiment.

Inducing Treppe, or the Staircase Phenomenon

As a muscle is stimulated to contract, a curious phenomenon is observed in the tracing pattern of the first few twitches. Even
though the stimulus intensity is unchanged, the height of the individual spikes increases in a stepwise manner, producing a
sort of staircase pattern called treppe (Figure 16A.4). This phenomenon is not well understood, but the following

explanation has been offered: in the muscle cell’s resting state, there is much less ca2l in the sarcoplasm and the enzyme
systems in the muscle cell are less efficient than after it has contracted a few times. As the muscle cell begins to contract, the

intracellular concentration of Ca2l rises dramatically, and the heat generated by muscle activity increases the efficiency of
the enzyme systems. As a result, the muscle becomes more efficient and contracts more vigorously. This is the physiological
basis of the warm-up period prior to competition in sports events.

1. Set up the apparatus as in the previous experiment, again setting the voltage to the maximal stimulus determined earlier.
2. Deliver single stimuli at 1-second intervals until the strength of contraction does not increase further.

3. Stop the recording apparatus and mark the record treppe. Note also the number of contractions (and seconds) required to
reach the constant contraction magnitude. Record the voltage used and the time when you completed this experiment.
Continue on to the next experiment.

Observing Graded Muscle Response to Increased
Stimulus Frequency

Muscles subjected to frequent stimulation, without a chance to relax, exhibit two kinds of responses—wave summation and
tetanus—depending on the level of stimulus frequency (Figure 16A.4).

Wave Summation If a muscle is stimulated with a rapid series of stimuli of the same intensity before it has had a chance to
relax completely, the response to the second and subsequent stimuli will be greater than to the first stimulus. This
phenomenon, called wave, or temporal, summation, occurs because the muscle is already in a partially contracted state
when subsequent stimuli are delivered.

1. Set up the apparatus as in the previous experiment, setting the voltage to the maximal stimulus as determined earlier and
the chart speed to maximum.
2. With the stimulator in single mode, deliver two successive stimuli as rapidly as possible.

3. Shut off the recorder and label the record as wave summation. Note also the time, the voltage, and the frequency. What
did you observe?

Tetanus Stimulation of a muscle at an even higher frequency will produce a “fusion” (complete tetanization) of the
summated twitches. In effect, a single sustained contraction is achieved in which no evidence of relaxation can be seen (see



Figure 16A.4). Complete or fused tetanus is a feature of normal skeletal muscle functioning; the single muscle twitch is
primarily a laboratory phenomenon.

1. To demonstrate fused tetanus, maintain the conditions used for wave summation except for the frequency of stimulation.
Set the stimulator to deliver 60 stimuli per second.

2. As soon as you obtain a single smooth, sustained contraction (with no evidence of relaxation), discontinue stimulation
and shut off the recorder.

3. Label the tracing with the conditions of experimentation, the time, and the area of fused or complete tetanus.

Inducing Muscle Fatigue

Muscle fatigue, the loss of the ability to contract, is believed to be a result of the oxygen debt that occurs in the tissue after
prolonged activity (through the accumulation of such waste products as lactic acid, as well as the depletion of ATP). True
muscle fatigue rarely occurs in the body because it is most often preceded by a subjective feeling of fatigue. Furthermore,
fatigue of the neuromuscular junctions typically precedes fatigue of the muscle.

1. To demonstrate muscle fatigue, set up an experiment like the tetanus experiment but continue stimulation until the
muscle completely relaxes and the contraction curve returns to the base line.

2. Measure the time interval between the beginning of complete tetanus and the beginning of fatigue (when the tracing
begins its downward curve). Mark the record appropriately.

3. Determine the time required for complete fatigue to occur (the time interval from the beginning of fatigue until the
return of the curve to the base line). Mark the record appropriately.

4. Allow the muscle to rest (keeping it moistened with Ringer’s solution) for 10 minutes, and then repeat the experiment.

What was the effect of the rest period on the fatigued muscle?

What is the physiological basis for this reaction?

Determining the Effect of Load
on Skeletal Muscle

When the fibers of a skeletal muscle are slightly stretched by a weight or tension, the muscle responds by contracting more
forcibly and thus is capable of doing more work. When the actin and myosin barely overlap, sliding can occur along nearly
the entire length of the actin filaments. If the load is increased beyond the optimum, the latent period becomes longer,
contractile force decreases, and relaxation (fatigue) occurs more quickly. With excessive stretching, the muscle is unable to
develop any tension and no contraction occurs. Since the filaments no longer overlap at all with this degree of stretching, the
sliding force cannot be generated.

If your equipment allows you to add more weights to the muscle specimen or to increase the tension on the muscle,
perform the following experiment to determine the effect of loading on skeletal muscle and to develop a work curve for the
frog’s gastrocnemius muscle.

1. Set the stimulator to deliver the maximal voltage as previously determined.

2. Stimulate the unweighted muscle with single shocks at 1- to 2-second intervals to achieve three or four muscle twitches.

3. Stop the recording apparatus and add 10 g of weight or tension to the muscle. Restart and advance the recording about 1
cm, and then stimulate again to obtain three or four spikes.

4. Repeat the previous step seven more times, increasing the weight by 10 g each time until the total load on the muscle is
80 g or the muscle fails to respond. If the calcaneal tendon tears, the weight will drop, thus ending the trial. In such cases,



you will need to prepare another frog’s leg to continue the experiments and the maximal stimulus will have to be determined
for the new muscle preparation.

5. When these “loading” experiments are completed, discontinue recording. Mark the curves on the record to indicate the
load (in grams).

6. Measure the height of contraction (in millimeters) for each sequence of twitches obtained with each load, and insert this
information on the chart on page 176.

7. Compute the work done by the muscle for each twitch (load) sequence.
Weight of load (g) 3 distance load lifted (mm) 5 work done

Enter these calculations into the chart in the column labeled Work done, Trial 1.

8. Allow the muscle to rest for 5 minutes. Then conduct a second trial in the same manner (i.e., repeat steps 2 through 7).
Record this second set of measurements and calculations in the columns labeled Trial 2. Be sure to keep the muscle well
moistened with Ringer’s solution during the resting interval.

9. Using two different colors, plot a line graph of work done against the weight on the grid accompanying the chart for
each trial. Label each plot appropriately.

10. Dismantle all apparatus and prepare the equipment for storage. Dispose of the frog remains in the appropriate container.
Discard the gloves as instructed and wash and dry your hands.

11. Inspect your records of the experiments and make sure each is fully labeled with the experimental conditions, the date,
and the names of those who conducted the experiments. For future reference, attach a tracing (or a copy of the tracing) for
each experiment to this page. n

Activity 4:
Electromyography in a Human Subject Using BIOPAC®

Part 1: Temporal and Multiple Motor Unit Summation

This activity is an introduction to a procedure known as electromyography, the recording of skin-surface voltage
manifestations of underlying skeletal muscle contraction. The actual visible recording of the resulting voltage waveforms is
called an electromyogram (EMG).

A single skeletal muscle consists of numerous elongated skeletal muscle cells, also called skeletal muscle fibers. These
muscle cells are excited by motor neurons of the central nervous system whose axons traverse via nerves of the body to
terminate on the muscle itself. The individual axon of a motor neuron eventually branches into multiple axon terminals,
each of which synapses on a single muscle fiber of that muscle. The number of muscle cells controlled by a single motor
neuron can vary greatly, from five (such as fine control needed in the hand) to 500 (for gross control, such as in the
buttocks). The most important organizational concept in the physiology of muscle contraction is the motor unit (see Plate 4
of the Histology Atlas), a single motor neuron and all of the cells within a muscle that it activates. Understanding gross
muscular contraction depends upon realizing that a single muscle consists of multiple motor units, and that the gradual and
coordinated activation of these motor units results in graded contraction of