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PREFACE

You may ask why we are creating a third edition. Does anatomy change
between editions? With respect to what is taught to students of anatomy, for-
mally or informally, there is not much change. Occasionally, a new variation
is noted, but substantively and as a practical matter, anatomy doesn’t
change. On a grander scale, the anatomic arrangement of our bodies IS
subject to infinitesimal change in an evolutionary sense, but that's not why
we composed a new edition. We did it because it was time to freshen the
illustrations and text, to go over material and find new and better ways

to illustrate and express the anatomy and its function. We also cleaned up
errors and made the presentation more clear.

We worked to improve the visual appeal of the plates, struggling to resist
putting 10 Ibs. of information in a 5-Ib. plate. We found our earlier coverage
of joints to be inadequate. We produced nine new plates, five of which make
up that deficit: the temporomandibular, shoulder, elbow, sacroiliac, hip, and
knee joint plates. We rearranged the order of presentation of material to
make it easier for anatomy teachers to integrate our material with commonly
employed anatomy texts.

Our visually-based quizzes on bones, arteries, and veins have been
expanded to include joints. We reorganized the lists of vessels in those
quizzes to make them more digestible. We revised and gave new life to a
full third of the existing plates, including expansion of the integument to two
plates, updating the plate on HiIV-induced immunosuppression, and vastly
improving the plates on distribution of spinal nerves, the meninges, the
visual system, and the renal tubules. The literature on innervation of skeletal
muscle has been reviewed and updated, as has Appendix B.

To borrow from the Preface of the second edition, we are grateful to
the thousands of colorers who have advised and encouraged us, including
coaches, trainers, teachers, paramedics, body workers, court reporters,
attorneys, insurance claims adjusters, judges, and students and practi-
tioners of dentistry and dental hygiene, nursing, medicine/surgery, chiro-
practic, podiatry, massage therapy, myotherapy, physical therapy,
occupational therapy, and exercise therapy. More informal seekers of
self-realization and those with impairments have been drawn to The
Anatomy Coloring Book because of its lighter, more visual approach.

Truly, a picture is worth a thousand words!

ACKNOWLEDGMENTS

We had the support of many and thank them for their participation in the
development of this work. Our reviewers gave us excellent advice and
pointed out errors that otherwise would not have been caught. Arlene Kle-
patsky, R.N., J.D., carried out key research work for us, and we are grateful.
Michael Loftus, M.D., cardiologist, and fellow racquetball player, kindly
reviewed the electrocardiogram material. Maureen Larsen and Carolyn Scott
typed much of the backmatter under rush conditions and late-night hours,
and we are very grateful for their work. Dolores Espinoza was terrific in over-
seeing the preparation of materials for the typesetter. Thank you, Stephanie
Luros, for coloring the plates and giving us insight into potential problems.
Jason Luros’s computer and software skills and advice were gratefully
received, as was the assistance from software engineer Clifford Clark on
Macintosh™ conversion. Our editor, Susan Teahan, helped us in many expert
ways and perhaps was at her best as she drove us to meet the deadline—
which we did. To Gerry Ichikawa and Jill Breedon, copy editor, at the Type-
Studio in Santa Barbara, we can only repeat what was said after the second
edition—that their superb and accurate work was most welcomed and
appreciated. To all who helped us and remain unnamed in this acknowledg-
ment, we are most grateful for your participation.

WYNN KAPIT LARRY ELSON
Santa Barbara, California  Napa Valley, California



INTRODUCTION TO COLORING

(Important tips on how to get the most out of this book)

HOW THE BOOK IS ARRANGED

The book is divided by subject matter into sections.
The sections contain groups of plates, each dealing
with a separate topic within that subject heading.

A plate consists of an illustration with various
parts to be colored, related titles (also to be
colored), an explanatory paragraph of text, and
coloring notes (CN).

You can begin with any section, but it is best to
color that section in the order in which the plates
are presented. Feel free to skip the plates that
might be too complex or irrelevant to your area
of interest.

HOW MANY COLORS NEEDED

Itis best to have at least 10 pens or pencils (no
crayons). Pencils are more versatile because one
can lighten or darken each color. Felt-tipped pens,
on the other hand, produce brighter colors.

The more colors you have available, the greater
the pleasure. If you are able to purchase your col-
ors individually (as opposed to a set), you should
choose mostly light colors, but be sure to include
gray and black.

HOW THE COLORING SYSTEM WORKS

The parts of an illustration that are meant to be
colored are drawn with, or separated from each
other by, dark outlines. They are also identified by
small letter labels (A, B, etc.). The “titles” (names
or terms referring to those parts) are printed with
outlined letters, followed by the same letter labels.
Color a part and its respective title with the same
color. Do not use that color again on a different part
and title on that plate, unless you run out of colors,
and have to repeat some colors.

When different parts of an illustration are related
to each other in some fundamental way, they will
receive the same letter labels, but with different
superscripts (A1, A2) for identification purposes.
All those parts will receive the same color.

Occasionally, you will come across a title or
general heading that is meant to be colored but
does not refer to any specific part of the illustration.
In such cases, the small letter label will be followed
by a dash (A-, B-), and only the title or heading will
be colored.

Areas or words meant to be col ired gray are
identified by an asterisk (% ); if colored black, by
a black circle (e ); and when not to be colored at
all, by the “don’t color” sign (-;-).



HOW TO APPROACH EACH PLATE

Whether you read the explanatory material before
coloring or vice versa, you should always read the
coloring notes (CN) before starting to color. The
notes (located at the top of the plate) contain rec-
ommendations about which colors to use and what
to take notice of when coloring that particular plate.

Begin by coloring the first title in the list of titles
to be colored. The title will be followed by a small
letter label (A). Locate and color the part of the
illustration to which the title refers. /t is important
that you color the titles in the order that they are
presented; they are usually listed that way for
specific reasons.

The titles are usually placed away from the illus-
trations to facilitate your review. Try covering them
when testing your recall of the material.

Itis recommended that you reserve your lightest
colors for the largest areas to be colored. A dark
color on an especially large part of the illustration
would dominate the plate. Certain colors are tradi-
tionally associated with certain structures of the
body: red for arteries, blue for veins, purple for
capillaries, yellow for nerves, and green for lym-
phatics. Where you are asked to identify a diverse
group of such structures (i.e., many different arter-
ies or many veins), you will naturally have to use
more than just the one representative color.

SYMBOLS USED THROUGHOUT THE BOOK
Don't color -,- Color gray %

Color black « Not shown N.S.

A broken outline represents one form lying
underneath or behind another.ooooc° f*;&f
The subject matter is microscopic in size. %

ABBREVIATIONS

In the text and titles, the following abbreviations
may precede or follow the names of the structures
identified, e.g., Post. auricular m., Brachial a.,
Scalenus med. m.:

A = Artery

Ant. = Anterior
Br. = Branch
Inf. = Inferior
Lat. = Lateral
Lig. = Ligament

M., Ms. = Muscle(s)

Med. (preceding term) = Medial
Med. (after term) = Medius

N. = Nerve

Post. = Posterior

Sup. = Superior, superficial

Sys. = System
Tr. = Tract
V. = Vein

Xi






ORIENTATION TO THE BODY

ANATOMIIG PLANES & SECTIOWS

AN EIDINAIN

The median plane is the midline longitudinal plane dividing the head and torso into right and
left halves. The presence of the sectioned midline of the vertebral column and spinal cord is
characteristic of this plane. The median plane is the middle sagittal (mid-sagittal) plane.

SAGITTAL:

The sagittal plane is a longitudinal plane dividing the head and torso into left
and right parts (not halves). It is parallel to the median (not medial) plane.

CORONUADL, FREONMTAL:

The coronal or frontal plane is a longitudinal plane dividing the body
(head, torso, limbs) or its parts into front and back halves or parts.

TRAVSVERSE, CROSS:

The transverse plane divides the body into upper and lower halves or parts (cross sectons).

It is perpendicular to the longitudinal planes. Transverse planes may be horizontal planes of the
upright body. Transverse planes are called "axial” or “transaxial” sections/slices by radiologists.

Median
section
through the
thorax

POSTERIOR

POSTERIOR

ANTERIOR

Sagittal
section
through the
thorax

through the

through the

CN: (1) Use your lightest colors on A-D. (2) Color a body
plane in the center diagram; then color its title, related
sectional view, and the sectioned body example. (3) Color
everything within the dark outlines of the sectional views.

Study of the human body requires visualization

of internal regions and parts. Dissection (dis. apart;
sect-, cut) is the term given to preparing the body for
internal inspection. One method of dissection permits
consistent visual orientation by cutting the body into
parts, called “sections,” along the lines of reference,
called “planes.” The viewing and study of internal
human structure in these planes is possible through
medical imaging, such as computerized tomography
(CT) and magnetic resonance imaging (MRI).

Coronal

section Cerebrum

head

Cross
section

abdomen
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ORIENTATION TO THE BODY 2

TERMS OF PESITICN & BIREETICON

CN: Color the arrows and titles, but not the iliustrations.

Terms of position and direction describe the relationship of one z
organ to another, usually along one of the three body planes

illustrated in the previous plate. To avoid confusion, these
terms are related to the standard anatomical position: body
standing erect, limbs extended, palms of the hands forward.

CRANMIAL, SVPEEIOR,
BEOSUTRAL A

These terms refer to a structure being closer

to the head or higher than another structure of
the body. These terms are not used with respect
to the limbs.

AWTERICRy VENWTRALs

These terms refer to a structure being more in
front than another structure in the body. The term
“anterior" is preferred.

POSTERICR DEOESAL-:

These terms refer to a structure being more in
back than another structure in the body. The term
“posterior” is preferred.

MELIAL p

This term refers to a structure that is closer to the
median plane than another structure in the body.
“Medial" is not synonymous with “median."

ARTERAL =

This term refers to a structure thatis further away
from the median plane than another structure in
the body.

PRERBIVDEF

Employed only with reference to the limbs, this
term refers to a structure being closer to the
median plane or root of the limb than another
structure in the limb.

BISTAL .

Employed only with reference to the limbs, this
termrefers to a structure being further away from
the median plane or the root of the limb than
another structure in the limb.

CRAVBAEL, INFERIOC +

These terms refer to a structure being closer
to the feet or the lower part of the body than
another structure in the body. These terms are
not used with respect to the limbs.

SUPEREFICGIAL ' DEERPJ

The term "superficial” is synonymous with exter-

)

nal, the term "deep" with internal. Related to the l :“J

reference point on the chest wall, a structure A S
closer to the surface of the body is superficial; a é;( / 2
structure further away from the surface is deep. \-L,_,/‘ QUADRUPED "~

U@@O &@?@@@& K @@@?@@ @@F@@@Us L The quadruped presents four points of direction:

head end (cranial), tail end (caudal), belly side

The term “ipsilateral* means “on the same side" (ventral), back side (dorsal). In the biped (e.g.,
(in this case, as the fefefeﬂc? point); "contra- human), the ventral side is also anterior, the
lateral” means "on the opposite side” (of the dorsal side is also posterior, the cranial end is

reference point). also superior, and the caudal end is inferior.
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ORIENTATION TO THE BODY

SYSTEMS OF THE BebY @)

CN: Use light colors. Color the skeleton (A). Color the mus-
culature (B) brown. Color the major arteries and heart red
(with darker outlines), veins blue (C). Coior all lymphatic
vessels (D) green. Color nerves, brain and spinal cord (E),
yellow. Color the insets representing the endocrine system
(F). Pick a skin color for the integumentary system (G). Note
that the latter two are independent systems, but are graphi-
cally combined here in one body.

Collections of similar cells constitute tissues. The four
basic tissues are integrated into body wall and visceral
structures/organs. A system is a collection of organs
and structures sharing a common function. Organs and
structures of a single system occupy diverse regions
in the body and are not necessarily grouped together.

SHELEUAL) ARTICULAR.

The skeletal system consists of the skeleton of bones
and their periosteum, and the ligaments that secure
the bones at joints. By extension, this system could
include the varied fasciae that ensheath the body
wall/skeletal muscles and contribute to the body's
structural stability. The articular system comprises the
joints, both movable and fixed, and the related struc-
tures, including joint capsules, synovial membranes,
and discs/menisci.

MUSCULAR s

The muscular system includes the skeletal muscles that
move the skeleton, the face, and other structures and
give form to the body; the cardiac muscle of the heart
walls; and the smooth muscle of the walls of viscera and
vessels and in the skin.

CRRBPIOVASCULAR

The cardiovascular system consists of the four-cham-
bered heart, arteries conducting blood to the tissues,
capillaries through which nutrients, gases, and molecular
material pass to and from the tissues, and veins returning
blood from the tissues to the heart. Broadly interpreted,
the cardiovascular system includes the lymphatic system.

LY OPHARTIG

The lymphatic system is a system of vessels assisting
the veins in recovering the body’s tissue fluids and
returning them to the heart. The body is about 60%
water, and the veins alone are generally incapable of
meeting the demands of tissue drainage. Lymph nodes,
which filter lymph, are located throughout the body

WERVOUS e

The nervous system consists of impulse-generating/
conducting tissue organized into a central nervous
system (brain and spinal cord) and a peripheral
nervous system (nerves), which includes the visceral
(autonomic) nervous systeminvolved in involuntary
“fight or flight” and vegetative responses.

CWDECERINEF

The endocrine system consists of glands that secrete
chemical agents (hormones) into the tissue fluids and
blood, affecting the function of multiple areas of the body.
Many of these glands are under some control by the
brain (hypothalamus). Hormones help maintain balanced
metabolic functions in many of the body’s systems.

INTECUMIENTRRY

The integumentary system is the skin, replete with
glands, sensory receptors, vessels, immune cells

and antibodies, and layers of cells and keratin that
resist environmental factors harmful to the body.

V" Heart

Joint muscle

Vertebral
column

Thoracic

Lymph






ORIENTATION TO THE BODY

SYSTEWS OF THE BeRY (B)

CN: Use different light colors from those used
on the preceding plate.

BESFPIRRTORY «

The respiratory system consists of the upper
(nose through larynx) and lower respiratory
tract (trachea through the air spaces of the
lungs). Most of the tract is airway; only the
air spaces (alveoli) and very small bronchi-
oles exchange gases between alveoli and
the lung capillaries.

PIGESTIV(E!

The digestive system is concerned with the
breakdown, digestion, and assimilation of
food as well as excretion of the residua. Its
tract begins with the mouth and continues
down to the abdomen, wherein it takes a
convoluted course to open again at the
anus. Associated glands include the liver,
the pancreas, and the biliary system (gall
bladder and related ducts).

WEBIWARY

The urinary system is concerned with the con-
servation of water and maintenance of a neutral
acid-base balance in the body fluids. The kid-
neys are the main functionaries of this system;
residual fluid (urine) is excreted through ureters
to the urinary bladder for retention and dis-

charged to the outside through the urethra.

IAMVNE / LY PG «

The lymphoid system consists of organs con-
cerned with body defense: thymus, bone marrow,
spleen, lymph nodes, tonsils, and smaller aggre-
gates of lymphoid tissue. This system, including
a diffuse arrangement of immune-related cells
throughout the body, is concerned with resistance
to invasive microorganisms and the removal of
damaged or otherwise abnormal cells.

CEMALE
REPREPULCETIVE.

The female reproductive system is concerned
with the secretion of sex hormones, produc-
tion and transportation of germ cells (ova),
receipt and transport of male germ cells to
the fertilization site, maintenance of the
developing embryo/fetus, and initial
sustenance of the newborn.

WORLE
REFPREDVESTIVEM

The male reproductive system is concerned
with the secretion of male sex hormones,
formation and maintenance of germ cells
(sperm), and transport of germ cells to the
female genital tract.

Blood

Diaphragm

Microglia

marrow

Ureter

H
Urinary. @
bladder ¢~
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ORIENTATION TO THE BODY 5

BEEIONS OF THE BOBY ANTERIOR)

CN: The text for this and the next plate is located on the next plate. (1) The anterior/
lateral regions have been grouped according to larger areas: e.g., head, neck. The
regions of each area (A', A2 etc. ) all receive a single color. Color a title and the arrow
pointing to its region. (2) Although the title “pudendal” (D-) is to be colored, that region,
consisting of the female external genitals, is not shown (N.S.). The same is true for the
perineum (D-), that region between the pubis and the coccyx, below the pelvic floor.

CIBRMD -
@@@C@?@@Ai (forehead)
TEROPERAL A* (temple)
ORBINAYY (eye, cavity/walls)
WESRE A% (nose, cavity/walls)
@@@@& A5(cheek)
@RBRYL A% (mouth cavity)
ROLYXWBIBVERRBAT (lower jaw)

WEGEHK -
M?@@U@@ @@@Wﬁ@@@ g' (front of neck)
CRTBRERAL CEEBYIEENLE* (side of neck)
SUPRE) CLEWICUWRLE) 353 (above clavicle)

THOORAES -
@@@?@@@&c' (anterior chest)

RABLEIINEPELVIE o-
@@@(EDD @@@D’ (abdomen)
INGUIIUAIISS (groin)
PELMG: (pelvis)
@@0@04 (genital region)
@@Dm D% (reproductive organs)

@@@@@& D- N.5. (female genitals)

@@@O@@@@; D-N.§ (between pubis and coccyx)

URRERNNIMNBER
PDELTEIDPE" (shoulder/upper arm)
@230&03@@%63 (armpit)
BRACHDAL > (arm)
@@?@@@@0?@& £4 (front of elbow)
@@F@@G@O@@ES (forearm)
@Q; E® (wrist)
MENDZ PRLNDREE paim)
FERNDS DIGITLYLe? (fingers)

BOWERINIMBEE
BELE3A L F (hip)
CERDORBEG £ thigh)
@@ﬁ@@@@@f—'? (knee cap)
CRUIRD AT

@0@@&@@ F3 (lateral leg)
?@@@@Oz F© (ankle)
FeOUTS DERBSYINY T (top)
FOOUS DOGI TR 78 (toes)
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ORIENTATION TO THE BODY 6

REGIONS OF THE BODY (POSTERIOR)

CN: (1) Use the same colors for divisions marked A, B, E, and
F that were used for those letters on the preceding plate.

Regional anatomy is the organization of human structure by regions.
Here are shown the major regions within the principal areas of the body
(e.g., head, neck). There are many regions within regions, each of which
includes structures from different systems, such as bone, muscles,
blood vessels, and nerves. Study of the body by dissection is generally
accomplished region by region. An in-depth regional awareness of
human structure is fundamental for most health care providers.

HER DS
@@@0@?@& Al (top and sides of head)
@@@D@DF@@AZ (back of head)

WEED3 &-
POST GERBVIGRL /MUCHIALs

(back of neck)
BRCKS -

8@@@@@7@@6‘ (shoulder blade)
W@?@@Gf (spinal column)
@5@0@@@:63 (along side spinal
THERBACIE (posterior chest) column)
G:@@@@ G® (lower back)
@@U&O@@G" (vertebro-pelvic joint)
SEABSERBEL 67 (posterior pelvis)
COBEYBER)L ¢ (il bone")

URRERIINVIBIS
@@@@ @1)0@@51 (top of shoulder)
@@@?@U@EZ (shouldier/upper arm)
BERE CHINAA & (arm)
CUE0 TRYL € (elbow)
@ @0{)0@& e° (forearm)
@@@@ ES (wrist)
HENDE PRSI e (back of hand)
AW’ L0G)TRL e (fingers)

VW ERNIMNBIS
GGU TERRF* (buttock)
BERD @OCIEYL#2 (thigh)
@@U?@@@ F3 (back of knee)
@@@ ¥ (leg)
TERSRL F? (ankle)
FOOTE PLRTEYR ¢ (sole)
FRETS DIGITEYLF (toes)






ORIENTATION TO THE BODY

CAVTIES & LIMIWES

CN: Except for H, use light colors. (1) Note that the linings for closed body cavities
(AV-D"") are to be colored gray. (2) In the open visceral cavities shown below, the
linings receive the color (H).

CLESED BODY CAVITIES--

CRAWIAL A DURA MATER A'x
VERTEBRAL: DUREA WMATER x
THERACIC e PLEVRA c'x
ABLOMINORELVIG, PERITONEURY ox

Closed body cavities (The cranial, vertebral, thoracic, and abdomino-
pelvic cavities) are not open to the outside of the body. Though organs
may pass through them or exist in them, the organs’ cavities do not
open into these closed cavities. Closed body cavities are lined with a
membrane: the thick dura mater in the skull and vertebral cavity, the
thin, watery (serous) membranes (serosa) in the thoracic and abdomi-
nopelvic cavities.

The cranial cavity is occupied by the brain and its coverings, cranial
nerves, and blood vessels. The bony walls of the cranial cavity are lined
by the dura mater, a tough, fibrous membrane that turns inward to form
a meningeal layer that envelops the brain (Plate 81). The vertebral cav-
ity houses the spinal cord, its coverings, related vessels, and nerve
roots (Plate 77). Its dura mater is continuous with the cranial dura at
the foramen magnum, and it forms a sac whose bottom is at the level
of the 2nd sacral vertebra.

The thoracic cavity contains the lungs, heart, and other structures
(tubular airways, blood vessels, lymphatics, nerves) in the chest. Its
skeletal walls are the thoracic vertebrae and ribs posteriorly, the ribs
anterolaterally, and the sternum and costal cartilages anteriorly (Plate
30). The roof of the cavity is membranous; the floor is the muscular
thoracic diaphragm (Plate 50). The middle of the thoracic cavity has a
partition filled with structure (e.g., heart), called the mediastinum (Plate
104). It separates the thoracic cavity into discrete left and right parts
(not shown).The internal surface of each half of the thoracic cavity is
completely lined with a serous membrane called pleura (Plate 133).
The pleura, like all serous membranes, consists of a single layer of
ells supported by a thin, vascular, connective tissue layer. These

cells secrete a serous fluid that permits the pleura-lined lungs to
move against the pleura-lined thoracic walls without friction.

The abdominal cavity, containing the gastrointestinal tract and related
glands, the urinary tract, and great numbers of vessels and nerves, has
muscular walls anterolaterally, the lower ribs and muscle laterally, and
the lumbar vertebrae posteriorly. The roof of the abdominal cavity is the
thoracic diaphragm. The abdominal and pelvic cavities are continuous
with one another and share the muscular pelvic floor. The pelvic cavity,
containing the urinary bladder, rectum, and reproductive organs, has
muscular walls anteriorly, bony walls laterally, and the sacrum posteri-
orly. The internal surface of the abdominal wall is lined by a serous
membrane, the peritoneum (Plate 140).The serous secretions enable
the mobile abdominal viscera to slip and slide frictionlessly during
movement. The peritoneum drapes over the pelvic viscera, does not
envelop them, and does not reach the pelvic floor.

OPERN WISCERAL CAVITIES .-

RESPIRBATORY URACT:
YURINVARY TRACT
LIGESTIVE UTRACT -
MVCEOSA

Open cavities (respiratory, digestive, urinary tracts) are largely tubular
passageways lined with a mucus-secreting layer called a mucosa. The
mucosa is the working tissue (secretion, absorption, protection) of open
cavities; it is lined with epithelial cells, is supported by vascular con-
nective tissue, and often incorporates a smooth muscle layer. Open
cavities within the thoracic and abdominopelvic cavities are open to
the outside of the body. Their mucosal lining is continuous with the skin
atthe ends of the tubular cavities (nose, mouth, perineum).

Urinary
bladder

Meningeat

layer Ay

Foramen
magnum

Parietal

layer

Visceral
layer

Diaphragm |
K-+
v {

Nasal
cavity

Esophagus

Small
intestine

Large
intestine
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CELLS AND TISSUES

THE CENERALIZED CELL

CN: Color gray the variety of cell shapes at upper left. Use lightest colors for A,

C, D, F and G. (1) Small circles representing ribosomes (H) are found throughout
the cytoplasm (F) and on the rough endoplasmic reticulum (G'); color those larger
areas, including the ribosomes, first, and then color over the ribosomes again with a
darker color. Each organelle shown is just one of many found in the living cell.

CELL SHARAPES*

Fibroblast

Nerve

2 cartilage cells

White blood Epithelial

CRGANECHLES:-

CELL MEMBRANMEA
FDOCY OIS/ EROCYTESISSs'

WYCLEAR MVERIBRAWE.:

WVCLEORPLESM»

WUELECLVUS:

CY¥TORPLASW

EBWRLORPLASMIC RETICRLYM
SMEEOTHys BOUGBGH.

RIBOSOIEH

GOLGB0 COMPLEZS1

M0TE@CHOW DRI J

VRGUELE«

L¥YSOSOMIGL

CENTRIOLEM

WOICROTVWEVLE

MOCROEILLRMEN Un!

CELL IWECLUSIG®MN o

The cell is the basic structural and functional unit of all living things.
Living things are characterized by the ability to reproduce and grow,
metabolize (transform or produce/consume of energy), and adapt to lim-
ited changes in their internal and external environment. Body structure
lacking these characteristics, such as connective tissue fibers, is not
considered to be “alive." Body structure more complex than a cell con-
sists of a collection of cells and their products.

The activities of cells constitute the life process; they include ingestion,
assimilation, and digestion of nutrients and excretion of the residue;
respiration; synthesis and degradation of materials; movement; and
excitability or response to stimuli. The impairment or cessation of these
activities in normal cells, whether caused by trauma, infection, tumors,
degeneration, or congenital defects, is the basis of a disordered or
disease process.

By volume, the generalized cell is 80% water; by weight, it is composed
of proteins (about 15%), lipids (3%), carbohydrates (1%), and nucleic
acids and minerals (1%). These materials may be integrated into struc-
tural working units (organelles), form a more mobile functional unit (e.g.,
messenger RNA, globular protein-based enzymes), or form products of
the cell. The basic function of a cell is to produce protein, which is
essential to the acquisition and use of cell energy, formation and repair
of structure, and cell activities (e.g., synthesis, secretion, absorption,
contraction).

Endocytosis

Cell membrane: the limiting lipoprotein membrane of the cell; retains
internal structure; permits exportation and importation of materials.
Infolding/outfolding of the cell membrane permits the introduction of
material into the cell (endocytosis) or its expulsion (exocytosis) from
the cell.

Nuclear membrane: porous, limiting, lipoprotein membrane; regulates
passage of molecules.

Nucleoplasm: the nuclear substance containing chromatin (chromo-
somes during cell division) and RNA.

Nucleolus: a mass of largely RNA, it forms ribosobal RNA (RNAr) that
passes into cytoplasm and becomes the site of protein synthesis.
Cytoplasm: the ground substance of the cell less the nucleus. Contains
organelles and inclusions listed below.

Smooth/rough endoplasmic reticulum (ER): membrane-lined tubules to
which ribosomes may be attached (rough ER; flattened tubules) or not
(smooth ER; rounded tubules). Rough ER is concerned with transport of
protein synthesized at the ribosomes. Smooth ER synthesizes complex
molecules called steroids in some cells; stores calcium ions in muscle;
breaks down toxins in liver.

Ribosome: the site of protein synthesis where amino acids are strung

in sequence as directed by messenger RNA from the nucleus.

Golgi complex: flattened membrane-lined sacs that bud off small
vesicles from the edges; collect secretory products and package them
for export or cell use, e.g., lysomes.

Mitochondrion: membranous, oblong structure in which the inner
membrane is convoluted like a maze. Energy for cell operations is gen-
erated here through a complex series of reactions between oxygen and
products of digestion (oxidative reactions).

Vacuoles: membrane-lined containers that can merge with one another
or other membrane-lined structure, such as the cell membrane. They
function as transport vehicles.

Lysosome: membrane-lined container of enzymes with great capacity
to break down structure, e.g., microorganisms, damaged cell parts, and
ingested nutrients.

Centriole: bundle of microtubules in the shape of a short barrel; usually
seen paired, perpendicular to one another. They give rise to spindles
used by migrating chromatids during cell division.

Microtubules: formed of protein; provide structural support for the cell
and/or its parts.

Microfilaments: are support structures formed of protein different from
that of microtubules. In skeletal muscle, the proteins actin and myosin
are examples of thin and thick microfilaments.

Cell inclusion: aggregation of material within the cell that is not a
functional part (organelle) of the cell—e.g., glycogen, lipid.
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CELLS AND TISSUES

@ELL DIVISEN,/ RITOSIS 5

CN: Use the colors you used on Plate 8 for cell
membrane, nuclear membrane, nucleolus, and cen-
triole for those titles on this plate, even though the
previous letter labels may be different. Use contrast-

going on to the next. (2) Color the name of each
stage and its appropriate arrow of progression. Note
that in interphase, the chromatin material within the
nuclear membrane is in a thread-like state; color

ing colors for E-E?and F-F2 and gray for D-D'to over the entire area with the appropriate color. Note

distinguish the latter from those with the contrasting  that the starting chromatin (D" in interphase) is
colors. (1) Begin with the cell in interphase, reading  colored differently in the daughter cells (E2, F?);
the related text and completing each cell before it is the same chromatin.

CELL MEMBRANEA

WYCLERR MEMIEBRANME:
WUCLEOLUS:

CHRO@MIET I/ CHIROMOSONIE »'

BHROMATID: /CHIROMOSOMEe::
CRRBOIATIM)=*

CHROMATID- /CHRIFBOICSCHME-
CHRBOMA T

CEUNRICINEIRES
CENTRICLEH
RSTER:
SEPINBLE

The ability to reproduce their kind is a characteristic of living things. Cells
reproduce in a process of duplication and division called mitosis. Epithelial and
connective cells reproduce frequently, mature muscle cells not so frequently, and
mature nerve cells rarely if at all. Overactive mitosis may result in the formation of
an encapsulated tumor; uncontrolled mitosis, associated with invasiveness and
metastases, is called cancer.

As the main cellular changes during mitosis occur in the nucleus and surrounding
area, only these parts of the cell are illustrated here. We show here how the
nuclear chromatin (diffuse network of DNA and related protein), once duplicated,
transforms into 46 chromosomes, which divide into paired subunits (92 chroma-
tids); those chromatids separate and move into opposite ends of the dividing cell,
forming the 46 chromosomes of each of the newly formed daughter cells. For clar-
ity, we show only four pairs of chromatids and chromosomes. The phases of the
observed nuclear changes during mitosis are as follows.

Interphase: the longest period of the reproductive cycle; the phase between suc-
cessive divisions. Duplication of DNA (in chromatin) occurs during this phase. The
dispersed chromatin (D*) here is a network of fine fibrils, not visible as discrete
entities in the nucleoplasm. The cell membrane, nucleus, and nucleolus are intact.
The centrioles are paired and adjacent to one another at one pole of the cell.

Prophase: the dispersed chromatin (D*) thickens, shortens, and coils to form
condensed chromatin or chromosomes (D'*). Each chromosome consists of two
chromatids (E and F) connected by a centromere (G). Each chromatid has the
equivalent amount of DNA of a chromosome. In the latter part of this phase, the
nuclear membrane breaks up and dissolves, as does the nucleolus. The centri-
oles, having duplicated during interphase, separate, going to opposite poles of
the cell. They project microtubules called asters.

Metaphase: strands of spindle fibers project across the cell center from paired
centrioles. The chromatids attach to the spindle fibers at the centromere and line
up in the center, half (46) on one side, half on the other.

Anaphase: the centromeres divide, each daughter centromere attached to one
chromatid. Each centromere is drawn to the ipsilateral pole of the cell, along the
track of the spindle fiber, taking its chromatid with it. The separated chromatids
now constitute chromosomes. Anaphase ends when the daughter chromosomes
arrive at their respective poles (46 on each side).

Telophase: the cell pinches off in the center, forming two daughter cells, each
identical to the mother cell (assuming no mutations). The cytoplasm and
organelles had duplicated earlier and are segregated into their respective
newly-forming cells. As the nucleus is reconstituted, and the nuclear membrane
and nucleolus reappear in each new cell, the chromosomes fade into dispersed
chromatin, and the centromere disappears. Complete cleavage of the parent cell
into daughter cells terminates the mitotic process. Each daughter cell enters
interphase to start the process anew. The process of cell division increases

cell numbers, and does not change cellular content.

PDAVBHTER CELLS »
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TISSVESS ERITHELIVR B

CN: Use very light colors throughout. (1) Color the arrows pointing to the location Basemént = -
of the epithelial tissues in the body organs. membrane  Supporting ~ ¢
connective
SIMPLE tissue

Epithelial tissues, one of four basic tissue types, form the working surface of skin
and all body cavities, including glands, ducts, and vessels. They protect, secrete,
absorb, or sense (e.g., neuroepithelia). Some even contract (myoepithelia). Epitiielial .
tissues generally exist as one layer (simple) or more (stratified). The lowest layer of
epithelia is bound to the underlying connective tissue by a basement membrane
(secreted basal and reticular laminae). Epithelial cells are connected together by one
or more of: adhesive glycoproteins, desmosomes, gap junctions, and circumferential
bands (not shown).

Blood vessel

SIMWPLE BRITHEEIVRD -

This surface tissue functions in filtration. diffusion, secretion, and absorption.

SQUAMOUSA

Simple squamous epithelia are thin, plate-like cells. They function in diffusion. They line
the heart and all blood vessels (endothelia), air cells, body cavities (mesothelia), etc.

GCUEBEIPAL s

Simple cuboidal epithelia are generally secretory cells and make up glands through- ~
out the body, tubules of the kidney, terminal bronchioles of the lungs, and ducts of
the reproductive tracts.

COLMMWAR

Simple columnar epithelia line the gastrointestinal tract and are concerned with

secretion and absorption. Their free (apical) surface may be covered with finger-
like projections of cell membrane called microvilli, increasing the cell's surface STRATIFIED
area for secretion/absorption.

PSEURLOSTRAUTIFIER COLUMNAR:

Columnar cells bunched together form a single layer, appearing as if stratified. Each
cell is attached to the basement membrane. These cells line reproductive and respi-
ratory tracts. Cilia on the free surface collectively move surface material by means
of undulating power strokes alternating with resting strokes.

7 Gastrointestinal
tract

STRATIFIED ERPITHELIVR--

Stratified epithelia are generally resistant to damage by wear and tear because
of ready replacement of cells.

SUTRETIFIED SQUARIOUS:

This tissue may be keratinized (skin) or not (oral cavity, pharynx, vocal folds,

esophagus, vagina, anus). Basal cells are generally columnar and germinating. | bladder/

\ I

TRANSITIONAL - |

Multiple layers of cells line the urinary tract. In the empty bladder, the fibromuscular
layer is contracted because of muscle tone; the epithelia are closely concentrated.
With bladder distension, cells are stretched out; the tissue is thinner than in the
contracted state. The tissue is responsive to volume changes.

Capillary

GCRRANDBPYCAR BRPITHELIORD--

Glandular cells produce and secrete/excrete materials of varying composition—
e.g., sweat, milk, sebum, cerumen, hormones, enzymes. Myoepithelial cells induce
discharge of the secreted material in most cases.

EZROQCERIME -

Exocrine glands (e.g., sweat, sebaceous, pancreatic, mammary) arise as outpocket-
ings of epithelial lining tissue, retain a duct to the free surface of the cavity or skin,
and excrete/secrete some substance. Secretory portions may have one of several
shapes (tubular, coiled, alveolar/acinar) connected to one or more ducts.

Mammary -
EWROGRIVME gand /"
Endocrine glands arise as epithelial outgrowths but lose their connections to the ) S
surface during development. They are intimately associated with a dense capillary N3y
network and secrete their products into it. é] d

Thyroid >
gland S

N
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TISSUES: FIBREOYS CONNEBETIVE TISSUES

CN: Use yellow for C and C', and red for J. (1) Begin with the iliustration at middle
left and the related titles (A through K). The titles and borders of the microscopic
sections of dense regular/irregular c.t. (F‘, F2) receive the color of collagen (F),
as that is the dominant structure in both tissues. (2) Do not color the matrix.

FIBERS--
COL LAGEM-
ELASTIGs
RBETICULEARM

AT B0

CERLAS--
CIBREEBLASUA
MIACROIBEING ES
EET GELAC
PLESME CELL
MERST CELL:

CARIININAIRNG

The connective tissues (c.t.) connect, bind, and support body structure. They consist
of variable numbers of cells, fibers, and ground substance (fluid, viscous sol/gel, or
mineralized). At the microscopic level (here illustrated at about 600x magnification),
connective tissues range from blood (cells/fluid), through the fibrous tissues (cells/
fibers/variable matrix) to the more stiff supporting tissues (cells/fibers/dense matrix)
of cartilage and mineralized bone. Connective tissue can be seen at visible levels of
body organization as well, in fascial layers of the body wall, tendons, ligaments,
bone, and so on. This plate introduces the fibrous connective tissues (c.t. proper).

@LAR GoUs «

Loose, areolar connective tissue is characterized

by many cells, a loose, irregular arrangement of
fibers, and a moderately viscous fluid matrix.
Fibroblasts secrete the fibers and ground sub-
stance of this tissue. Mobile macrophages engulf
cell debris, foreign matter, and microorganisms.

Fat cells, storing lipids, may be seen in small
numbers or large (adipose tissue). Plasma cells
secrete antibodies in response to infection. Mast
cells contain heparin and other secretory products,
some of which initiate allergic reactions when
released. Numerous other cells may transit the loose
fibrous tissues, including white blood cells (leukocytes). Collagen (linkages of protein
exhibiting great tensile strength) and elastic fibers(made of the protein elastin) are
the fibrous support elements in this tissue. Reticular tissue is a smaller form of col-
lagen, forming supporting networks around cell groups of the blood-forming tissues,
the lymphoid tissues, and adipose tissue. The matrix (consisting largely of water with
glycoproteins and glycosaminoglycans in solution) is the intercellular ground sub-
stance in which all of the above function; it is fluid-like in the fibrous tissue. Numerous
capillaries roam throughout this tissue. Loose connective tissue found deep to the
skin is called superficial fascia. subcutaneous tissue, or hypodermis. It is found deep
to the epithelial tissues of mucous and serous membranes of hollow organs.

PEUSE BEEULAR Bols

ment) in the body, storing energy used in gait.

GCREVID SVBSTANGCE - | | .

PEVSE IBEECUVLAR Gols F?.

Dense, parallel-arranged, masses of collagenous/elastic fibers form ligaments
and tendons that are powerfully resistant to axially loaded tension forces, yet
permit some stretch. Tendons/ligaments contain few cells, largely fibroblasts.
Elastic, dense regular ligaments are found in the posterior neck and between
vertebrae; the tendocalcaneus is the largest elastic structure (tendon or liga-

Dense, irregularly arranged masses of interwoven collagenous (and some

elastic) fibers in a viscous matrix form capsules of joints, envelop muscle tissue
(deep fasciae), encapsulate certain visceral organs (liver, spleen, and others),
and largely make up the dermis of the skin. The tissue is impact resistant (bearing
stress omnidirectionally), contains few cells, and is minimally vascularized. T

i

\>/

et

Ligam:%
PSS S
TS

g

Superficia

Adipose tissue is an aggregation of fat cells, supported
by reticular and collagenous fibers and closely associ-
ated with both blood and lymph capillaries. The storage/
release of fat in/from adipose tissue is regulated by hor-
mones (including nutritional factors) and nervous stimuli.
It serves as a source of fuel, an insulator, and mechani-
cal padding and stores fat-soluble vitamins. Adipose tis-
sue is located primarily in the superficial fasciae (largely
breast, buttock, anterior abdominal wall, arm, and thigh),
yellow marrow, and the surface of serous membranes.

. F2 J
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CELLS AND TISSUES 12

TISSUES; SURPPERTING COUNEGETIVE TISSUES

CN: Use the same colors as used on the previous plate for collagen  Use light colors for A, B, G, |, and M. Complete the upper material
(D) and elastic (E) fibers. Use a light tan or yellow for F and red for L. before coloring the bone section.

Microscopic sections of cartilage tissue reveal cells (chondrocytes) in small .
cavities (lacunae) surrounded by a hard but flexible matrix of water bound to Articular _—

@@@?0@@@@—, % proteoglycans and collagen fibers. Avascular cartilage receives its nutrition by Carma,ge /A
@(}O@ﬁﬂ@@@@vﬁ@/\ diffusion from vessels in the perichondrium. For that reason, cartilage does not T

&@@@@@ repair well after injury, yet it is often a part of a temporary framework (callus)
B in the healing process of fractured bone. There are three types of cartilage.

Ciiy
MQﬁ@D% Bone is unigue for its mineralized matrix (65% mineral, 35% organic by weight).

@@&@@@@@ gO@@D The skeletonis bone. Bone is a reservoir of calcium; itis an anchor for muscles,
@@@@‘EO@ BB ERE tendons, and ligaments; it harbors many viscera; it assists in the mechanism of

respiration; its cavity in certain bones is a center of blood-forming activity
(hematopoiesis); in other bones, its cavity is a storage site for lipid.

FIBRCCARTILAGE »

Fibrocartilage offers strength with flexibility, resisting both impact and tensile

forces. The best example of this tissue is the intervertebral disc. It consists of
dense fibrous tissue interspersed with cartilage cells and a relatively small Pinna
amount of intercellular matrix. ofear

ELASTIC CARTILAGE

This tissue is essentially hyaline cartilage with elastic fibers and some collagen.
It supports the external ear and the epiglattis of the larynx. Feel its unique flexi-
bility in your own external ear.

disc

Intervertebral : \

HYALINE CARTILAGE ~

Well known as the covering at bone ends (articular cartilage), hyaline cartilage
is avascular, insensitive, and compressible. It is porous, enhancing absorption
of nutrients and oxygen. It supports the external nose (feel and compare with
the elastic cartilage of the ear). It is the main structural support of the larynx Lo (L
and much of the lower respiratory tract. It forms the model for most early Vertebral
developing bone (Plate 168). body

As you read, check Plate 20. Bone has compact and cancellous forms.
@@@F Compact bone is the impact-resistant, weight-bearing shell of bone lined by
@@@O@@Tf@@m =3 a sheath of life-supporting fibrous periosteum. Compact bone consists of col-

@@@JB? @w@ e umns called haversian systems or osteons: concentric layers (lamellae) of min-

eralized, collagenous matrix around a central (haversian) canal containing

%@W@@@O@w @W@o%- blood vessels. Volkmann’s canals interconnect the haversian canals. Note
HEVE CAWNELy the interstitial lamellae between columns and the circumferential lamellae
@@M@&&@@ e enclosing the columns. Between lamellae are small cavities (lacunae) inter-

connected by little canals (canaliculi). Bone cells (osteocytes) and their
@@ﬁ@@@%f@l multiple extensions fill these spaces, which connect with the haversian canal.
In areas of resorbing bone matrix, large, multinucleated, avidly phagocytic

@@?@@@@;@@ﬁf osteoclasts can be seen with multipie cytoplasmic projections facing the matrix

NG UNIAE they are destroying. Bone-forming cells (osteoblasts) can be seen in Plate 168.
@@@@&0@@&0 Cancellous bone is internal to compact bone and is especially well seen at
J the ends of long bones. It consists of irregularly-shaped, interwoven beams

W@@Wﬁﬁ)@@@ @@@@&K (trabeculae) of bone, lacking haversian systems.
&@ wg@@@&L lnlterstliltial
SRENBY BeWE:: % Ciroumferential 27115 o







CELLS AND TISSUES

TISSYES: MUSCLE

Muscle tissue, one of the four basic tissue types of the body, consists of mus-
cle cells ("fibers”) and their fibrous connective tissue coverings. There are
three kinds of muscle tissues: skeletal, cardiac, and smooth. Muscle tissue
shortens (contracts) in response to nerve, nerve-like, or hormonal stimulation.
Depending on their attachments, skeletal muscles move bones at joints, con-
strict cavities, and move the skin; cardiac muscle compresses a heart cavity
or orchestrates the sequence of cardiac muscle contraction; and smooth
muscle moves the contents of cavities by rhythmic contractions, constricts
vessels it surrounds, and moves hairs/closes pores of the skin. The sur-
rounding connective tissue transfers the force of contraction from cell to cell
and supports the muscle fibers and the many blood capillaries and nerves
that supply them.

SEELETAL/STRIATEDRL MUSCLE -
SHRBCOLENDA F cELL:

Skeletal muscle cells are long, striated, and multinucleated, formed of
myofibrils, mitochondria, and other organelles within the cytoplasm
(sarcoplasm). Each cell is enveloped in a cell membrane called sarcolemma.
Collections of muscle cells make up the belly of a muscle. The highly vas-
cularized skeletal muscles contribute greatly to the size and shape of the
body. Skeletal muscles attach to bones or other muscles at their tendinous
ends. Between bony attachments, muscles cross one or more joints, moving
them. Muscles always pull; they never push. Skeletal muscle contractions
consist of rapid, brief shortenings, often generating considerable force. Each
contracting cell shortens maximally. Three kinds of skeletal muscle fibers are
recognized: red (small, dark, long-acting, slow-contracting, postural muscle
fibers with oxygen-rich myoglobin and many mitochondria), white (relatively
large, pale, anaerobic, short-acting, fast-contracting muscle fibers with few
mitochondria), and intermediate fibers. With exercise, fast fibers can convert
to slow; slow fibers can convert to fast. Contraction of skeletal muscle
requires nerves (innervation). Without a nerve supply (denervation), skeletal
muscle cells cease to shorten; without reinnervation, the cells will die. A
denervated portion of muscle loses its tone and becomes flaccid. In time, the
entire muscle will become smaller (atrophy). Muscle contraction is generally
under voluntary control, but the brain involuntarily maintains a degree of
contraction among the body’s skeletal muscles (muscle tone). After injury,
skeletal muscle cells can regenerate from myoblasts with moderate functional
significance; such regeneration may also occur in association with muscle
cell hypertrophy in response to training/exercise.

CARBDIAC/STRBIATEL MWMVSCLE
IWTERCRALATED DISGH GCELL «

Cardiac muscle cells make up the heart muscle. They are branched, striated
cells with one or two centrally located nuclei and a sarcolemma surrounding
the sarcoplasm. They are connected to one another by junctional complexes
called intercalated discs. Their structure is similar to skeletal muscle, but less
organized. Cardiac muscle is highly vascularized; its contractions are rhyth-
mic, strong, and well regulated by a special set of impulse-conducting mus-
cle cells, not nerves. Rates of contraction of cardiac muscle are mediated

by the autonomic (visceral) nervous system, the nerves of which increase/
decrease heart rate. Cardiac muscle is probably not capable of regeneration.

VISCERAL/SMEETH MWUSGLE,r
PLASMEDLERDRDA GEELr

Smooth muscle cells are long, tapered cells with centrally placed nuclei.
Each cell is surrounded by a plasmalemma (cell membrane). These cells are
smooth (nonstriated). Myofibrils are not seen; the myofilaments intersect with
one another in a pattern less organized than that seen in skeletal muscle.
Smooth muscle cells occupy the walls of organs with cavities (viscera) and
serve to propel the contents along the length of those cavities by slow, sus-
tained, often powerful rhythmic contractions (consider menstrual or intestinal
cramps). Smooth muscle cells, oriented perpendicular to the flow of tubular
contents, act as gates (sphincters) in specific sites, regulating the flow, as in
delaying the flow of urine. Well-vascularized, smooth muscle fibers contract
in response to both autonomic nerves and hormones. They are also capable
of spontaneous contraction. Regeneration of smooth muscle, to some extent,
is possible after injury.
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CN: Use red for C and your lightest colors for B, E, G, and I. (1) The
sarcolemma (F), which covers each skeletal and cardiac muscle celi,
is colored only at the cut ends. The plasmalemma (F' ), which covers
each smooth muscle cell, is colored only at the cut ends. (2) The
nuclei of cardiac and smooth muscle cells, located deep within the
cells, are to be colored only at the cut ends (A). (3) One of the inter-
calated discs (H) of the cardiac cells has been separated to reveal its
structure (schematically). (4) The cellular views are microscopic.

WOCLEVS: ﬁ
CONNWECTIVE TISSVE: Ao
CAPILAARY . S
RNTOEHOMBRION »

Muscle
belly
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CELLS AND TISSUES

14

TISSUERS SKELETAL MUSELE MICROSTRYETURE ses 1
CN: Use the same colors used on Plate 13 for sarcolemma (A) 8@?@&@?@@, m@@@@@ @@&& g

and mitochondrion (D). Use the same color used on the skeletal
muscle cell for the myofilbril (E) here. Use light colors for G and
J, a dark color for H, and very dark colors for F and K. The cell
nucleus is notshown here. (1) Begin with the drawing of the
arm. (2) Color the parts of the muscle cell in the central illus-
tration; note the presence of mitochondria (D) between the
myofibrils. (3) Color the parts of the exposed (lowest) myofibril
and the color-related letters, bands, lines, zone. Note that the
cut end of this myofibril receives the color E, for identification
purposes, and is part of the A band of the sarcomere adjacent
to the one to be colored. (4) Color the relaxed and contracted
sarcomere, the filaments, and the mechanism for contraction,
noting the color relationship with the myofibril and its parts.

A part of a skeletal muscle cell is shown with the sarco-
lemma opened to reveal some cellular contents. The
most visible of the contents are the myofibrils, the con-
tractile units of the cell. They are enveloped by a flat
tubular sarcoplasmic reticulum (SR) that, in part, regu-
lates the distribution of calcium ions (Ca++) into the
myofibrils. Inward tubular extensions of the sarcolemma,
called the transverse tubule system (TTS), run trans-
versely across the SR, at the level of the Z lines of the
myofibrils. The TTS, containing stores of sodium ions
(Na+) and calcium ions (Ca++), conducts electrochemi-
cal excitation to the myofibrils from the sarcolemma.
Mitochondria provide energy for the cell work.

The myofibrils consist of myofilaments: thick filaments
(largely myosin) with heads that project outward as cross
bridges, and thin filaments (largely actin) composed of
two interwoven strands. These two filament types are
arranged into contractile units, each of which is called

a sarcomere. Each myofibril consists of several radially
arranged sarcomeres. At the end of each sarcomere,
the thin filaments are permanently attached to the Z line,
which separates one sarcomere from the next. The rela-
tive arrangement of the thick and thin filaments in the
sarcomere creates light {/, H) and dark (A) bands/zone
and the M line, all of which contribute to the appearance
of cross-striations in skeletal (and cardiac) muscles.

Shortening of a myofibril occurs when the thin filaments
slide toward the center (H zone), bringing the Z lines
closer together in each sarcomere. The filaments do not
shorten; the myosin filaments do not move. The close
relationship of the TTS to the Z lines suggests that this
site is the “trigger area” for induction of the sliding mech-
anism. This sliding motion is induced by cross bridges
(heads of the immovable thick filaments) that are con-
nected to the thin filaments. Activated by high-energy
bonds from ATP, the paddle-like cross bridges swing

in concert toward the H zone, drawing the thin filaments
with them. The sarcomere shortens as the opposing thin
filaments meet or even overlap at the M line.

Occurring simultaneously in all or most of the myofibrils
of a muscle cell, shortening of sarcomeres translates to a
variable shortening of the resting length of the muscle
cell. Repeated in hundreds of thousands of conditioned
muscle cells of a professional athlete, the resultant con-
tractile force can pull a baseball bat tiwrough an arc
sufficient to send a hardball a hundred meters or more
through the air.
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CELLS AND TISSUES

TISSVESS WERYVCUS

CN: Use alight color for A. Note the small arrows
that indicate direction of impulse conduction. The
neurons of the peripheral nervous system shown at
lower left are illustrated in the orientation of the left
upper limb, although highly magnitied.

WEVRCW -
CELL BODYA
PROCECSSE)

DERYDRNFES
ATE3OMWe

Nervous tissue consists of neurons (nerve cells) and neuroglia. Neurons
generate and conduct electrochemical impulses by way of neuronal (cel-
lular) processes. Neuroglia are the supporting, non-impulse-generating/
conducting cells of the nervous system. The main, nucleus-bearing part
of the neuron is the cellbody. Its cytoplasm contains the usual cell organ-
elles. Uniquely, the endoplasmic reticulum occurs in clusters called Nissl
substance. Neurons do not undergo mitosis after birth, compromising their
ability to regenerate after injury. Neuronal growth consists of migration and
arborization of processes. Neurons are the impulse-conducting cells of the
brain and spinal cord (central nervous system, or CNS) and the spinal and
cranial nerves (peripheral nervous system, or PNS).

PERIPHERAL NERVOUS SYSTEM (PNS)

SENSORY
NEURON

Neuromuscular
junction

15

-
TYPES OF NEUROWS.

e @.
O RICOLAR,. e
BIPELAR

MUET 0 COLEERS #-

Neurons fall into three structural categories based on numbers of pro-
cesses (“poles”). Processes that are highly branched (arborized) and
uncovered are called dendrites. Slender, long, minimally branched pro-
cesses are called axons. Within each category, there is a great variety
of shape and size of neurons. Unipolar neurons have or appear to have
(pseudounipolar) one process that splits near its cell body into a central
and peripheral process. Both processes conduct impulses in the same
direction, and each is termed an axon (see the sensory neuron at lower
left). Bipolar neurons have two (central and peripheral) processes, called
axons, conducting impulses in the same direction (see Plate 71). Multi-
polar neurons have three or more processes, one of which is an axon
(see PNS motor neuron at lower left and CNS neuron at lower right).

CENTRAL NERVOUS SYSTEM (CNS)

Blood vessel

PRETERPLASMIGC ASTRHOGCYTE:
CIBROUS ASTHOEYTIE-
OGO ENDROCNE:
MIGROGIIAY

Most axons are enveloped in one or more (up to 200) layers of an insulating
phospholipid (myelin) that enhances impulse conduction rates. Myelin is
produced by oligodendrocytes in the CNS (lower right) and by Schwann
cells in the PNS (lower left). All axons of the PNS are ensheathed by the
cell membranes of Schwann cells (neurilemma) but not necessarily myelin.
The gaps between Schwann cells are nodes of Ranvier, making possible
rapid node-to-node impulse conduction. Schwann cells make possible
axonal regeneration in the PNS. Significant axonal regeneration in the CNS
has not been observed.

Skeletal
muscle

WERE OF BAWVIER:
COVERBINGS.-

MYEL0We
SCHWANMN CELL -

Neuroglia exist in both the CNS and PNS (Schwann cells). Protoplasmic
astrocytes occur primarily in gray matter (dendrites, cell bodies) of the
CNS, fibrous astrocytes in the white matter (myelinated axons). Their pro-
cesses attach to both neurons and blood vessels and may offer metabolic,
nutritional, and physical support. They may play a role in the blood/brain
barrier. Oligodendrocytes are smaller than astrocytes, have fewer pro-
cesses, and are seen near neurons. Microglia are the small scavenger
cells of the brain and spinal cord.
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CELLS AND TISSUES

WEBYUROMUSCULAR INTEERATICN

CN: Use very light colors for A and E, and a dark color for F.
(1) Begin with the skeletal muscle lifting the heel of the foot and
complete the motor unit and the enlarged view of the neuro-
muscular junction. (2) Color carefully the motor units and related
titles at the bottom of the plate: only the discharging motor units
(in dark outline) are to be colored. Note that the word “partial” is
not colored under the example of partial contraction.

SHELETAL MUSECGE. L
MVSCELE FIBERA
MOTER BD PLETEs

MOTER WERVE.
BB ie
ARON BRANGM»

Acetylcholine

Sarcolemma

16

L3
RBOW BRAGH.
WEUBOMYSCULAR

JYNETI@N -
MUSCLE FIBERA

An axon of a single motor neuron, its axon branches, and the skeletal
muscle fibers with which they form neuromuscular junctions constitute
a motor unit. Within any given skeletal muscle, the number of muscle
fibers innervated by a single motor neuron largely determines the
specificity of contraction of that muscle; the fewer the number of mus-
cle fibers in each motor unit, the more selective and refined the degree
of contraction of that skeletal muscle.

WEVREMUSCULAR JOWETIOW -

RSN TERRIIVWAL =
ETER BD FPLATEs

Skeletal muscle consists of innumerable muscle fibers (cells). Skeletal
muscle requires an intact nerve (innervation) to shorten (contract).
Such a nerve, called a motor nerve, consists of numerous axons of
motor neurons. A motor neuron (see Plate 15) is dedicated solely to
stimulating muscle fibers to contract. Each single muscle fiberin a
skeletal muscle is innervated by a branch of an axon. The microscopic
site at which the axon branch attaches to the skeletal muscle fiber is
called the neuromuscular junction. Each neuromuscular junction
consists of an axon terminal closely applied to an area of convoluted
muscle fiber sarcolemma called the motor end plate. There is a gap
between the two surfaces. When a skeletal muscle fiber is about to
be stimulated, a chemical neurotransmitter, called acetylcholine, is
released by the axon terminal into the gap. The neurotransmitter
induces a change in the permeability of the sarcolemma to sodium
(Na*), which initiates muscle fiber contraction. A muscle fiber can
only contract maximally (“all or none" law).

CRAPES OF CONTRACTION.

Given the fact of “all or none” contraction by individual skeletal muscle
fibers, grades of contraction of a skeletal muscle are made possible by
activating a number of motor units and not activating others. Aresting
muscle activates no motor units. In a partial contraction, only some of
the motor units are activated. In maximal contraction of a skeletal mus-
cle, all motor units are activated. Gluteus maximus consists of skeletal
muscle fibers having a nerve-to-muscle ratio of 1:1000 or more. There
is no possibility of controlled, refined contractions from this muscle.
The facial muscles, on the other hand, have a much lower nerve-to-
muscle ratio, closer to 1:10. Here small numbers of muscle fibers can
be contracted by implementing one or a few motor units, generating
very fine control on the muscular effect (facial expression) desired.

PARTAL: =
COWTBRETION,

ROEIIRDVGD
COWTHAGTIOWM






CELLS AND TISSUES

IWTEGRATICN OF TMISSUES

This plate has one goal: to aid you in visually integrating the four basic
tissues into somatic (body wall) and visceral (cavity-containing organs)
structure. Concentrate on how the four tissues are arranged in each
example of body structure. Consider the general function of each
tissue in the overall function of the part/organ. There are an infinite
number of functionally related variations in the way these four tissues
form a discrete construction of the soma and viscera of the body.

SCMATIC STRVGCTVRE:-

ERITHERLIAL TISSUE--
S0 EUTER GCRVER)

COMNEETIVE TISSUE -
SEN CEER LATYER)s
SUEEREFICIAL FRSGIA:
PEER FRSE0R s >
BEGAIN EIIIES
@@O@B’*
PERICSTEUR e~
MWUSCLE TISSUE--
SHELETARL MUSCLE.

WNERVEUS TISSUE--
WERVE-

Somatic structure, making up the skin-covered musculoskeletal frame

of the body, is concerned with stability, movement, and protection. Its con-
struction reflects these functions. The outermost covering of the body wall
everywhere is a protective keratinized stratified squamous epithelial tissue,
constituting the outer layer of skin (epidermis). Other epithelial tissues in
somatic structure are the inner layers of blood vessels, and the glands (not
shown). Connective tissue layers of the body wall include thedeep layer of
skin (dermis), consisting of dense, irregular fibrous connective tissue,
andthe sub-adjacent, variously mobile, subcutaneous superficial fascia

VISCERBAL STRUVETUVRE:-

EROTHELIRL TISSVE-
MUCOSACRNININGE
CANDIS
SEROSA UVTER LRAVER)~>

CENNECTIVE TISSUE..
DAMINARERIEOEZIALS
S{UBIMIUCOSIALY
SERESA (WWER LAYER)E

MUSEEE TISSVE--
SWEOTH MUSGEE

WERBRVOVS TISSVE--
WERVE CELLS

Visceral structure is generally concerned with absorbing, secreting,
trapping, and/or moving food, air, secretions, and/or waste in its cavities.
Epithelial tissue is the innermost layer (mucosal lining) of the thin and
pliable visceral wall. It faces the lumen (cavity of the viscus); it is often a
single layer of cells (esophagus, urinary tract, and reproductive tract
excepted) and deals with the contents of the visceral cavity. Glands,
unicellular or larger in the mucosa or submucosa, are epithelial, as are
the inner layers of blood and lymph vessels. The mucosa includes a sub-
epithelial layer of loose fibrous tissue (lamina propria), supporting mobile

17

CN: Use yellow for D and light, contrasting colors for A and B,
and a medium brown for C. The various vessels that are shown
in these tissues—arteries and veins above, and arterioles, ven-
ules, capillaries, and lymph vessels below—are not to be col-
ored, as they are made up of more than one basic tissue. Note
that within deep fascia, arteries are generally paired with veins.

Artery -1 vgin -i-

i :4?
n

-
e

2
doi

(loose connective and adipose tissues), containing cutaneous nerves,
small vessels, and occasional large veins. Deep fascia a more vascular,
sensitive, dense, irregular fibrous tissue, ensheathes skeletal muscle
(myofascial tissue) as well as the supporting nerves and vessels. Liga-
ments (dense regular connective tissue) bind bone to bone by way of peri-
osteum (vascular, cellular, dense, irregular, fibrous tissue). Skeletal muscles
and their nerves are packaged in groups, separated by slippery septa of
deep fascia securing neurovascular structure. The fibrous investments of
skeletal muscle converge to form tendons of the muscle.

cells, glands, vessels, and nerves. The deepestlayer of the mucosa (when
present) is a thin smooth muscle layer moving finger-like projections (villi)
of the mucosal surface. Deep to the mucosa is a dense fibrous tissue (sub-
mucosa), replete with large vessels and small nerves/nerve cells (intra-
mural ganglia) supplying the mucosa. Deeper yet, two or three layers of
smooth muscle (tunica muscularis), innervated by local nerve cells, move
the visceral wall in peristaltic contractions. The outermost layer of the
gastrointestinal tract is the slippery serosa: anouter secretory simple squa-
mous epithelial layer and an inner supporting layer of light fibrous tissue.
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INTEGUMENTARY SYSTEM

THE (VT EEUMEDT; CRIDERIIS (|

CN: Use very light colors except for E, G, and H. (1) To the
right of these notes, color the entire epidermis gray. (2) Color
the strata of the epidermis in the larger skin section. The
thicker part of stratum corneum (A) reflects the nature of
glabrous (hair-deficient) skin. The stratum lucidum (C) exists
only in glabrous skin; it is too thin a layer to be shown in
these views. (3) Color the strata and their constituent cells
in the lower illustration, beginning with the bottom layer

(F) and working upward in the direction of cell migration.

(4) Color the section of the nail and its supporting elements.

Superficial
fascia

ERIDERINIISE
STRATVM COMEWRD A
CORINECIRTHEL

STERBRTIN GUEIPUWRD 8 SECTION

OF SKIN

BERATINOCYFE vs--
STRATUM CRANVLEOSYR)
EERATINOCYTE

STRRATUR) SEINWSLR b
ERPINO Chvai EN
LANGERMANS EWRRITIC) CELL &

STRATVW BASALE F
RUOTETIE BERATINCCY TEF

\"f;y‘ Glabrous

: (hair-deficient) Sweat 18
s skin .- pore See 19

STRATA OF
EPIDERMIS
& CONSTITUENTS

1 Lunule

R

Not present in

WELRNOCYTE 6
MEREIEICECEY

WA PLATE1 /WAL RBEOT T
WAL BEDB  RIATRISS F

\_’_/L/ glabrous skin
\& Eponychium
(Cuticle) Matrix
\ I
AN

“There is no magician's mantle to compare with the skin in its diverse
roles of waterproof, overcoat, sunshade, suit of armor and refrigerator,
sensitive to the touch of a feather, to temperature, and to pain, with-
standing the wear and tear of three score years and ten, and executing
its own running repairs.""

The skin is composed of an avascular, stratified squamous epithelial
layer (epidermis) and a vascular fibrous layer (dermis). Within each
layer, there is considerable variation. The epithelial layer consists of 4-5
levels of keratin-producing epithelial cells (keratinocytes). Absent capil-
laries, the layers of epithelia receive their nutrition by diffusion. The
outerlayers of the epidermis reflect the effects of dehydration.

Mitotic keratinocytes are columnar or cuboidal epithelia forming a single
layer (stratum basale) separated from the dermis by a basement mem-
brane (epidermal-dermal junction). These are the germinating cells;
their progeny are pushed upward by succeeding generations. Melano-
cytes produce melanin granules that disperse along their cytoplasmic
extensions (dendrites). These dendrites are woven among the cells of
the strata basale and spinosum, and they disseminate melanin among
the keratinocytes. Melanin protects the skin from ultraviolet (UV) radia-
tion. Merkel cells are very sensitive to mecHanical deformation (touch)
of the surface of the skin. The connection with the sensory axon (nerve
fiber) is probably similar to a synapse (see Plates 72, 91).

The stratum spinosum consists of several levels of cuboidal and squa-
mous keratinocytes. The cells here have many intracellular filaments
that converge on the cell membrane at desmosomes (recall Plate 10).
Intercellular tonofibrils, radiating out from the cell surface, can be seen
in tissue preparations where their appearance is enhanced by cellular
dehydration during processing. This gives a “prickly” appearance to the
cells of this stratum. Another kind of dendritic cell, the Langerhans cell,
is seen in both strata basale and spinosum as well as the dermis. These
dendritic cells are essentially phagocytic and present antigen to

T lymphocytes (see Plate 124).

NAIL PLATE & RELATIONS Bone

o

Melanin granules

Basement membrane/‘;

Capillaries 4

Dermis

The stratum granulosum consists of flattened keratinocytes character-
ized by disintegrated nuclei and cytoplasmic keratohyalin and lamellar
granules. The lipid-rich content of the lamellar granules fills the intercel-
lular spaces, greatly contributing to the impermeability of the skin.

The thin stratum lucidum is seen only in glabrous (hair-deficient) thick
skin. Its squamous keratinocytes are filled with filaments; the nuclei of
these cells have largely disappeared.

The outermost stratum corneum is composed of multiple layers of squa-
mous, lifeless, keratin-filled cells (corneocytes). Keratin is a scleropro-
tein, the polypeptides of which are intertwined with filaments within the
cytoplasm. Lcosening and detaching of the dead, outer layers of the
stratum corneum is ongoing and involves breaking the intercellular
junctional devices (desmosomes, filaments, amorphous lipid sub-
stance). The stratum corneum may be as thin as 5 layers (skin of

the eyelid) and as thick as 50 layers (plantar surface of the foot).

Nails are plates of compacted, highly keratinized cells of the stratum
corneum. Located on the dorsal aspect of each digit, they are translu-
cent, revealing the vascular nail bed below. The nail bed consists of the
strata basale and spinosum only. The proximal part of the nail plate (nail
root) fits into a groove under the proximal nail fold. The epithelia around
the root are the matrix or the source tissue for the nail plate, and they
extend from the region of the nail root to the lunule (lighter, opaque area
at the proximal part of the nail plates, seen best on the thumb). The nail
plate is formed as the epithelia of the matrix grow distally. The nail plate
is continually pushed distally by the keratinizing epithelia migrating
from the matrix.

'Quote taken, with permission, from Lockhart, R.D.. Hamilton, G.F..and Fyfe, EW. ANATOMY
THE HUMAN BOCY. 2nd ed.. Faber and Faber. Pubhshers. Ltd., London, 1985.
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The dermis consists of a fibrous connective tissue supporting arteries
and veins, lymphatic capillaries, nerves and sensory receptors (see
Plates 18, 91), and a number of accessory structures.The dermis is sep-
arated from the epidermis by a basement membrane (epidermal-dermal
junction). On the deep side, the dermis is bordered by superficial fascia
(hypodermis, subcutaneous tissue), a loose connective tissue layer with
variable amounts of adipose tissue. The upper or most superficial layer
of dermis is the papillary layer, characterized by a vascular, loose con-
nective tissue. Pegs of this layer (dermal papillae) poke up into the epi-
dermis. These pegs have strongattachment to the basement membrane
and contain vessels, nerve endings, and axons among the collagen and
elastic fibers. The subjacent reticular layer has a more dense fibrous
character.

Hair shafts rise from epidermal follicles pushed down into the dermis
(and hypodermis in the scalp) during development. They are not found
in thick skin. The follicle begins at the site where the hair leaves the
epidermis; it terminates in the form of a bulb. Hair shafts are composed
of layers of keratin surrounded by layers of follicular cells (root sheaths,
glassy membranes). The base of the follicle (hair bulb) is turned inward
(invaginated) to accommodate a vascular dermal papilla. An obliquely
placed bundle of smooth muscle attaches the outer membrane of the
follicle to a papillary peg under the epidermis. This is the arrector pili
muscle. When it is contracted, the hair to which it is attached erects to
become perpendicular with the skin surface. In many mammals,

hair standing on end is a sign of increased vigilance.

Sebaceous glands are grape-shaped collections of cells with a common
duct (acini; holocrine gland) that surround hair follicles. The base of
each gland is mitotically active; the daughter cells move into the gland
center and become filled with lipid. Continued lipid engorgement results
in burst cells. The secretory product and the cell debris constitute
sebum. The gland duct transports the sebum to the epidermal surface
or into the upper hair follicle. Sebum coats the skin and hairs, providing
a degree of waterproofing. Sebum may play a social role, in terms of
olfactory identification.

Sweat glands are coiled tubular glands in the deep dermis. The ducts
of these glands traverse the epidermis by spiraling around the keratino-
cytes and open onto the epidermal surface. The glandular cells at the
base of the sweat gland are in intimate proximity to capillaries, just as
the glomerulus is in relation to the visceral layer of the renal capsule in
the kidney. The cells produce sweat, a filtrate of plasma, somewhat like
the filtrate of the renal corpuscle (Plate 149). Sweat is largely salt water,
with a dash of urea and other molecules. Sweating is a means by which
the hypothalamus can induce a degree of cooling by evaporation.
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See 18, 91
CN: Use red for I, blue for J, green for K, yellow for L, and light colors for
the rest. (1) In the skin section, color the hair shafts (C) and sweat pores
(G) in the otherwise uncolored epidermis. (2) Follow the text carefully as
you color the enlarged views of the sebaceous (E) and sweat (G) glands. %
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SKELETAL AND ARTICULAR SYSTEMS

LOWE BONWE STRUVCTURE

CN: Use light blue for G, a tan color for D, very light colors for E and F, yellow for |, and red for J.
(1) The title “red marrow” is not to be colored as the red marrow in this bone is not shown, having
been replaced by yellow marrow during maturity. Only part of the yellow marrow in the medullary
cavity is shown. Leave the cavity (G) itself uncolored. (2) Color the vertical bar to the right which
represents the epiphysis (A) and the diaphysis (B) of the long bone.

Bone is a living, vascular structure, composed of organic tissue (cells, fibers, extracel-
lular matrix, vessels, nerves—about 35% of a bone’s weight) and mineral (calcium
hydroxyapatite—about 65% of a bone’s weight). Bone functions as a support structure,
a site of attachment for skeletal muscle, ligaments, tendons, and joint capsules, a
source of calcium, and a significant site of blood cell development (hematopoiesis) for
the entire body. Here we show a long bone, specifically the femur, the bone of the thigh.

ERPIPHYSISA

The epiphysis is the end of a long bone or any part of a bone separated from the main
body of an immature bone by cartilage. It is formed from a secondary site of ossifica-
tion. It is largely cancellous bone, and its articulating surface is lined with 3-5 mm of
hyaline (articular) cartilage. The epiphysis is supplied by vessels from the joint capsule.

PIAPRTSIS s

The diaphysis is the shaft or central part of a long bone. it has a marrow-filled cavity
(medullary cavity) surrounded by compact bone which is lined externally by periosteum
and internally by endosteum (not shown). The diaphysis is formed from one or more
primary sites of ossification and is supplied by one or more nutrient arteries.

ARTICULAR CARTILAGE

Articular cartilage is smooth, slippery, porous, malleable, insensitive, and bloodless; it
is the only remaining evidence of an adult bone's cartilaginous past. It is massaged by
movement, permitting absorption of synovial fluid, oxygen, and nutrients. Articular
(hyaline) cartilage is also nourished by vessels from the subchondral bone. Bones

of a synovial joint make physical contact at their cartilaginous ends. The degenerative
process of arthritis involves the breakdown and fibrillation of articular cartilage.

PERICS TEWAW

Periosteum is a fibrous, cellular, vascular, and highly sensitive life support sheath for
bone, providing nutrient blood for bone cells and a source of osteoprogenitor cells
throughout life. It does not cover articular cartilage.

CANCELLOVS (SPENMEY) BOME:

Cancellous (spongy) bone consists of interwoven beams (trabeculae) of bone in the
epiphyses of long bones, the bodies of the vertebrae, and other bones without cavities.
The spaces among the trabeculae are filled with red or yellow marrow and blood ves-
sels. Cancellous bone forms a dynamic latticed truss capable of mechanical alteration
(reorientation, construction, destruction) in response to the stresses of weight, postural
change, and muscle tension.

COMIPACT BONEF

Compact bone is dense bone characterized in long bones by microscopic hollow cylin-
ders of bone (haversian systems) interwoven with non-cylindrical lamellae of bone. It
forms the stout walls of the diaphysis of long bones and the thinner outer surface of
other bones where there is no articular cartilage—e.g., the flat bones of the skull. Blood
vessels reach the bone cells by a system of integrated canals.

MERDULLARY CAVIT We--

The medullary cavity is the cavity of the diaphysis. It contains marrow: red in the young,
turning to yellow in many long bones in maturity. It is lined by endosteal tissue (thin
connective tissue with many osteoprogenitor cells).

RBED MARBROMWY -

Red marrow is a red, gelatinous substance composed of red and white blood cells

in a variety of developmental forms (hematopoietic tissue) and specialized capillaries
(sinusoids) enmeshed in reticular tissue. In adults, red marrow is generally limited to
the sternum, vertebrae, ribs, hip bones, clavicles, and cranial bones.

PELLOW RIAQRBEOWI

Yellow marrow is fatty connective tissue that is not productive of blood cells. It replaces
red marrow in the epiphyses and medullary cavities of long bones, and cancellous
bone of other bones.

WOTRBIENT ARTERY . /BRANCHES r!

The nutrient artery is the principal artery and major supplier of oxygen and nutrients to
the shaft or body of a bone; its branches snake through the labyrinthine canals of the
haversian systems and other tubular cavities of bones.

See 12, 168

ANTERIOR VIEW
(Left femur)
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and dissection of medullary cavity
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SKELETAL AND ARTICULAR SYSTEMS 21

AXIAL / ARPPENRICULRAR SHELETCW

CN: Use light but contrasting colors for A and B. Bones have a variety of shapes and defy classification by shape; yet such a classifica-
(1) Color the axial skeleton (A) in all three views. tion historically exists. Long bones are clearly longer in one axis than in another; they
Do not color the spaces between the ribs (intercostal). are characterized by a medullary cavity, a hollow diaphysis of compact bone, and at
(2) Color the darker, outlined appendicular skeleton (B). least two epiphyses—e.g., femur, phalanx. Short bones are roughly cube-shaped; they
(3) Color the arrows identifying bone shape/classification. are predominantly cancellous bone with a thin cortex of compact bone and have no

cavity—e.g., carpal and tarsal bones. Flat bones (cranial bones, scapulae, ribs) are

@&OEU@@?D@@ generally more flat than round, and irregular bones (vertebrae) have two or more differ-

@@: w@@_,— ent shapes. Bones not specifically long or short fit this latter category.Sesamoid bones
! are developed in tendons (e.g., patellar tendon); they are mostly bone, often mixed
CI;@@@G with fibrous tissue and cartilage. They have a cartilaginous articular surface facing an
articular surface of an adjacent bone; they may be part of a synovial joint ensheathed
QOO@E{))D:’D within the fibrous joint capsule. The structures are generally pea-sized and are most
8?&@775 commonly found in certain tendons/joint capsules in hands and feet, and occasionally

in other articular sites of the upper and lower limbs. The largest is the patella, inte-

0@@@@@&@@F grated in the tendon of quadriceps femoris. Sesamoid bones resist friction and com-
pression, enhance joint movement, and may assist local circulation.
SESAMOID .

w

Carpal /

bone

Y

Metacarpal {
bone %!

@%U@& ' A /. Femur
SHEELETCEWA

The axial skeleton, the principal supportive
structure of the body, is oriented along its
median longitudinal axis. It includes the skull,
vertebrae, sternum, ribs, and hyoid bone. Much
of the mobility of the torso is due to the multiple
articulations throughout the vertebral column.

BPPENMDICUEAR
SKELETCWs

The appendicular skeleton includes the pectoral
and pelvic girdles and the bones of the arms,
forearms, wrists, hands, thighs, legs, and feet.
The joints of the appendicular skeleton make
possible a considerable degree of freedom for
the upper and lower limbs. Fractures and
dislocations are more common in this part of the
skeleton, but more serious in the axial skeleton.

Tarsal
bone

Phalanx






SKELETAL AND ARTICULAR SYSTEMS

CLASSIFIGCRATION CF JOINTS

Bones are connected at joints (articulations). All bones move at joints. Joints are func-

tionally classified as immovable (synarthroses), partly movable (amphiarthroses), or
freely movable (diarthroses). The structural classification of joints is given below.

FIBREYVS HE@IWT--
IDOUARLE /PRARBTEY ROVAREBLEA

Fibrous joints (synarthroses) are those in which the articulating bones are connected
by fibrous tissue. Sutures of the skull are essentially immovable fibrous joints, espe-
cially after having ossified with age. Teeth in their sockets are fixed fibrous joints
(gomphoses). Syndesmoses are partly movable fibrous joints, such as the
interosseous ligaments between bones of the forearm or the bones of the leg.

CARTIEAGINEUS I@IWT--
IRV ARBLE:/ PARTEY MMCYABLE:

Cartilaginous joints (synchondroses) are essentially immovable joints seen during
growth—e.g., growth (epiphyseal) plates (see Plate 168). Fibrocartilaginous joints
(amphiarthroses) are partly movable—e.g., the intervertebral disc. Symphyses also
are partly movable fibrocartilagious joints, as between the pubic bones (symplhysis
pubis) and the manubrium and body of the sternum (sternal angle).

RARTICULATING BONES -
ARTICULAR CRARTILAGE
SYWEOVIAG MEMDEBRANE: :
SYEVIRL CAVITY (FLUID)-
JOINT CRPSULE s
BURSA CRARPSULE «
COLLRATERAL LIGARMEN T+

Synovial joints (diarthroses) are freely movable within ligamentous limits and the
bony architecture. They are characterized by articulating bones whose ends are
capped with articular cartilage and are enclosed in a ligament-reinforced, sensitive,
fibrous (joint) capsule lined internally with a vascular synovial membrane that
secretes a lubricating fluid within the cavity. The synovial membrane does not cover
articular cartilage. A fibrous tissue-lined synovial sac of fluid (bursa) often exists
between moving structures outside the joint, as between tendon and bone. Bursae
facilitate friction-free movement; friction may induce painful inflammation (bursitis).

TYEPES OF SYWOVIAL JOINTS -

= BAGL & SOCEET:
)

1 =t ”
/ :

\(\/—‘/ g A A

&

Ball-and-socket joints are best seen at the hip and
shoulder. Movements in all direction are permitted

—i.e., flexion, extension, adduction, abduction,
internal and external rotation, and circumduction.

&\\\ @@é@@@U@L

N
{A}“@
The ellipsoid (condyloid, condylar) joint is a reduced
ball-and-socket configuration in which significant
rotation is largely excluded—e.g., the bicondylar knee,

temporomandibular, and radiocarpal (wrist) joints. head pivots (rotates).

A hinge joint permits movement in only one plane:
flexion/extension. The ankle, interphalangeal, and
elbow (humeroulnar) joints are hinge joints.

POV UM

A pivot joint has a ring of bone around a peg; e.g.,
the C1 vertebra rotates about the dens of C2, a
rounded humeral capitulum on which the radial

22

CN: Use a light blue for D, black for F, and gray for H.
(1) Do not color the bones in the upper half of the plate.
(2) Below, color the arrows pointing to the location of
the joints as well as the joint representations.

Interroseous
ligament

Epiphyseal
plate

Periosteum

A saddle (sellar) joint—e.g., carpometacarpal joint
at the base of the thumb—has two concave articula-
ting surfaces, permitting all motions but rotation.

GLIBIWSy

Gliding joints (e.g., the facet joints of the vertebrae,
the acromio-clavicular, intercarpal, and intertarsal
joints) has generally flat articulating surfaces.






SKELETAL AND ARTICULAR SYSTEMS

TERMS ©F MWOVEMENMTS

CN: Color the arrows pointing to the joints demonstrating the
various movements of the body. Inversion (K) and eversion (L)
movements occur among bones of the foot, notat the ankle.

ERTEWNSI©0W:
DORSIFCLERICW:
FLEEICM:
FPLEANTAR FLEI@WNo

APLYSTICWNE:
RABLYGTIOWF
GIRICUMIBITCRICINIE
HOTRAT IOk
SOEPINWATIOM:

CERE WRTIOR).
VERISILCIIE
EVERIS G/

Movements of bones occur at joints. Terms of movement are
therefore applicable to joints, not bones (flexion of the humerus
would break it!). Ranges of motion are limited by the bony
architecture of a joint, related ligaments, and the muscles
crossing that joint. It is from the anatomical position that spe-
cific directions of movement can be clearly delineated and
ranges of motion measured.

Extension of a joint is to generally straighten it. In the anatomi-
cal position, most joints are in relaxed extension (neutral). In
relation to the anatomical position, movements of extension are
directed in the sagittal plane. Extreme, even abnormal exten-
sion is called hyperextension. At the ankle and wrist joints,
extension is termed dorsiflexion.

Flexion of a joint is to bend it or decrease the angle between
the bones of the joint. Movements of flexion are in the sagittal
plane. At the ankle joint, flexion is also called plantar flexion.

Adduction of a joint moves a bone toward the midline of the
body (or in the case of the fingers or toes, toward the midline of
the hand or foot). In relation to the anatomical position, move-
ments of adduction are directed in the coronal plane.

Abduction of a joint moves a bone away from the midline of the
body (or hand or foot). Movements of abduction are directed in
the coronal plane.

Circumduction is a circular movement, permitted at ball and
socket, condylar, and saddle joints, characterized by flexion,
abduction, extension, and adduction done in sequence.

Rotation of a joint is to turn the moving bone about its axis.
Rotation toward the body is internal or medial rotation; rotation
away from the body is external or lateral rotation.

Supination is external rotation of the radiohumeral joint. In the
foot, supination involves lifting the medial aspect of the foot.

Pronation is internal rotation of the radiohumeral joint. In the
foot, pronation involves raising the lateral aspect of the foot.

Inversion turns the sole of the foot inward so that the medial
border of the foot is elevated.

Eversion turns the sole of the foot outward so that its lateral
border is elevated.

o
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BeWES ©F TrE SEVAL (1)
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CN: Save the brightest colors for the smallest bones and the lightest colors
for the largest. (1) Color one bone in as many views as it appears before
going on to the next. (2) There are some very small bones to color in the

Coronal
suture

Supraorbital
foramen

Fossa for

arch

Inferior
orbital

0 nfraorbital
fissure

foramen

ANTERIOR
foramen VIEW

Mental
protuberance

The skull is composed of cranial bones (forming a vault for the brain) and facial
bones (giving origin to the muscles of facial expression and providing buttresses
protecting the brain). Except for the temporomandibular joint (a synovial joint), all
bones are connected by generally immovable fibrous sutures.

The orbit is composed of seven bones, has three significant fissures/canals, and
is home to the eye and related muscles, nerves, and vessels. The most delicate of
the skull bones is at the medial orbital wall. The external nose is largely cartilagi-
nous and is therefore not part of the bony skull.

Infratemporal

Sagittal
suture

o /
' 5 ) . g P /Lambdoidal
Zygomatic s suture

SUPERIOR VIEW

lacrimal sac

24

CRON TR
ETHMOID:e SEHENO@ID

2 PALAOTINEx &B DATILLE
& IWEFERICR WASAL CERMICHIAD

orbits and in the lower part of the posterior view of the skull. Study these
areas carefully before coloring to determine the color boundaries. (3) Do not
color the darkened areas in the orbits and nasal cavity in the anterior view.
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N
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Temporomandibular joint
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Mandibular
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BENES OF THE SKBYLL (&)

CRAMIADLS: + OCEIRITARR, PARICTAL: FRONTEL:
TEMRPORAL ETHEIR: SFPHEM@IDF

FRAGIALS WASALs VOMER: Y GEERIATIG, FPALATINE:K
OA0LLR. IWEERIOR WMASAL COWCHAw

Impression of branches of
middie meningeal artery CN: Use the same colors for

these bones as were used on the
previous plate. (1) Color the
three views simultaneously. (2) In

&« the lower views, pay close atten-
tion to the many foramina that
gEEgQ)NN are left uncolored. (3) Notice but

don't color the small drawing
below that summarizes the large
fossae of the skull interior to its
left. Try to visualize those fossae
in the larger view.

Petrous ridge

Internal auditory meatus

Sphenoidal (cranial nerves VII, VIil)

sinus

Petrous portion

" of the temporal bone
(middle/internal ear)

3 Jugular foramen

Occipital condyle

Perpendicular plate
of the ethmoid

Basilar part of occipital bone \L
\[/ You are looking into the interior of the right side of the skull. The vomer and perpen-
dicular plate of the ethmoid contribute significantly to the nasal septum (Plate 131). (Exterior view)
(interior view) In this view, they hide the conchae on the right lateral wall of the nasal cavity.

BASE OF
SKULL

Cribriform plate
(cranial nerve |)

Optic canal

(cranial nerve 11) Inferior orbital fissure
Superior orbital fissure (cranial nerve V2)
(cranial nerves lll, IV, V!, VI) .
Posterior nasal

Sella turcica aperture (choana)

(Hypophysis)

Lateral pterygoid
Foramen rotundum plate
(cranial nerve V2) .
Medial pterygoid
Foramen ovale plate
(cranial nerve V3) ! )

Mandibular fossa
Foramen lacerum )

Foramen ovale

Foramen spinosum Foramen lacerum
(middle meningeal i
artery) ¢ Carotid canal

(tnternat carotid

. ; t
Internal auditory il
meatus ]
4 Styloid
Anterior
Jugular foramen Foramen 7 cranial fossa process
(Int. jugular vein; magnum [ Mastoid
cranial nerves IX, X. Xf) prgigss
Hypoglossal canal Occipital
(cranial nerve XII) condyle
M Superior
'/ 4 nuchal line

Middle P
cranial fossa External

occipital protuberance

Inferior nuchal

Posterior

cranial fossa line
You are looking onto the floor of the cranial cavity (base of the skull). The The large external surface of the occipital bone is a site
anterior cranial fossae support the frontal lobes of the cerebrum (Plate 73); of attachment of layers of posterior cervical musculature
the olfactory tracts lie over the cribriform plates, receiving the olfactory nerves (Plate 49). The foramen magnum transmits the lower
(Plate 100). The middle cranial fossae embrace the temporal lobes; note the brain stem/spinal cord (Plate 76). The occipital condyles
numerous foramina/canals for cranial nerves and vessels. The posterior articulate with the facets of the atlas or first cervical verte-
cranial fossa retains the cerebellum and the brain stem (Plate 76) as well bra (Plate 28). The muscular pharyngeal wall attaches

as related cranial nerves and vessels that enter or exit the cavity (Plate 83). around the posterior nasal apertures (Plate 139).






SKELETAL AND ARTICULAR SYSTEMS

TEMWRPOBOMIRWPIBULAR JOINT
(BRAMICWANDIBUCAR)

CN: Read the text before coloring. Use light colors for A and B, light blue for
C, and black or a dark color for E. (1) Begin with bones of the TM joint and the
corresponding ligaments. (2) In the central illustration of the upward, lateral
view of the skull, the articular fossa receives the color of its articular cartilage
(C). Also color the cartilage and condyle of the mandible, which is placed
here for diagrammatic purposes. (3) Finish with the sagittal views below,
which describe the movement of the mandibular condyle within the TM joint.

SEUEE BONWES--
TEMEPERAL BEWEA
AN IBIAER
CRNBYLAR PROCESS

AR TICURAR CRARTICAGE

JOINT CRPSYEE s

SYWOVIRL CRVIT Y --
SURP. JOINT SPRACE:"
0o JEOINT SEPASE

RARTICUWLAR PISGF-
AWV BAWD '
POST BANMMDF*

RETHEOLISCAL FRD «

Coronoid
process

Two temporomandibular joints form the craniomandibular
joint, which consists of the heads of the left and right
condylar processes of the mandible articulating with paired
articular fossae of the temporal bones. Movement or
trauma to one of these two temporomandibular joints (TMJ)
always involves the contralateral joint. The TMJ is a com-
plex synovial joint, gliding, angling, and rotating during
what appears to be simple hinge movements of the lower
jaw. Movements of the TMJ can be seen in Plate 47.

The TMJ is encapsulated within a fibrous (joint) capsule, the
only true ligament of the joint. The articular disc (meniscus)
is a fibrocartilaginous, oval plate between the cartilage-
lined articular fossa and the articular cartilage of the
condylar process. It divides the synovial cavity into supe-
rior and inferior joint spaces. The disc incorporates two
avascular bands whose long axes lie in the coronal plane.
Here we see them in cross section. These bands are con-
nected by an intermediate zone of fibrous tissue. The disc
is well connected, anteriorly to the lateral pterygoid muscle,
posteriorly to the vascular, elastic retrodiscal padin the
bilaminar region from which it gets its nutrition, and
medially/laterally to the condylar process. When the mouth
is closed, the head of the condylar process abuts the

Condyle
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See 24
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ARTICULAR SURFACE OF ARTICULAR FOSSA
(View of the skull from the side and below)

TM JOINT
(Sagittal view)

Bitaminar
region

ARTICULAR

FOSSA
A

larger, posterior band. As the mouth opens, the condylar
head rotates forward and downward to abut the anterior
band at fuli opening (35-50 mm between upper and lower
incisors). During mouth opening, the meniscus itself is
stretched as it is pulled forward with the condylar head.

The articular disc of the TMJ may fray or become dislo-
cated or detached with aging, abuse (trauma), or misuse
(clenching, grinding of teeth). This condition may be asso-
ciated with bitemporal headaches (temporalis muscle over-
use), clicking during jaw movement, and reduced range of
motion. The disc may also be structurally incomplete (even

perforated) from birth.
Lateral

pterygoid
muscle

/ : :

MOUTH CLOSED

MOUTH OPEN
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SKELETAL AND ARTICULAR SYSTEMS

VERTERBRAL COLUMIN

CN: Use gray for D, yellow for H, and light colors for the rest, especially
C,T.L. S, and Co. L4 and L5 represent the lumbar vertebrae most involved
in motion. (1) Begin with regions of the column and the three examples of

27

See 84

vertebral disorders at lower left. (2) Color the motion segment and its role in
flexion and extension. (3) Color the vertebral foramina and canal. (4) Color
the example of a protruding intervertebral disc pressing on a spinal nerve.

The vertebral column has 24 individual vertebrae
arranged in cervical, thoracic, and lumbar regions;

the sacraland coccygeal vertebrae are fused (sacrum/
coccyx). Numbers of vertebrae in each region are
remarkably constant; rarely St may be free or L5 may
be fused to the sacrum (transitional vertebrae). The
seven mobile cervical vertebrae support the neck and
the 3-4 kg (6-8 Ib) head. The cervical spine is normally
curved (cervical lordosis) secondary to the develop-
ment of postural reflexes about three months after birth.
The 12 thoracic vertebrae support the thorax, head, and

REGIOWS--
CERVICARL:
BHCRIAGICEs
LUMBARL
SEACRALs
CEGCBYBEAL c

torso, and low back. The column of these vertebrae
becomes curved (lumbar lordosis) at the onset of
walking at 1-2 years of age. The sacrum is the key-
stone of a weightbearing arch involving the hip bones.
The sacral/coccygeal curve is congenital. The vari-
ably numbered 1-5 coccygeal vertebrae are usually
fused, although the first vertebra may be movable.

Vertebral curvatures may be affected (usually exagger-
ated) by posture, activity, obesity, pregnancy, trauma,
and/or disease; these conditions are given the same

names as the normal curves. A slight lateral curvature

%) %' neck. They articulate with 12 ribs bilaterally. The tho- to the spine often reflects dominant handedness; a
8 m‘;‘ racic spine is congenitally curved (kyphosis) as shown. significant, possibly disabling, lateral curve (scoliosis)
[a} m i The five lumbar vertebrae support the upper body, may occur for many reasons.
o« =
2 B e o
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Each pair of individual, unfused vertebrae constitutes a motion seg-
ment, the basic movable unit of the back. Combined movements of
motion segments underlie movement of the neck and the middle
and low back. Each pair of vertebrae in a motion segment, except
o C1-C2, is attached by three joints: a partly movable,intervertebral
%) disc anteriorly and a pair of gliding synovial facet (zygapophyseal)
QO joints posteriorly. Ligaments secure the bones together and encap-
o sulate the facet joints (joint capsules). The vertebral or neural
9 canal, a series of vertebral foramina, transmits the spinal cord and
- related coverings, vessels, and nerve roots. Located bilaterally
< between each pair of vertebral pedicles are passageways, each
‘% called an intervertebral foramen, transmitting spinal nerves, their Superior Pedicie
D) coverings/vessels, and some vessels to the spinal cord. view Catedai
Posterior view
view
INTERVERTERBRAL DISGA
ANNVLYS BIBROSUS A i
SUPERIOR
W@@&@@@ @@&@@@@@6 VIEW A
D¥ -] Protruded

SPIVAL NERVEH

SCOLIOSIS

KYPHOSIS LORDOSIS

a spinal nerve root as shown.

The intervertebral disc consists of the annulus fibrosus (concentric,
interwoven collagenous fibers integrated with cartilage cells)
attached to the vertebral bodies above and below, and the more
central nucleus pulposus (a mass of degenerated collagen, pro-
teoglycans, and water). The discs make possible movement
between vertebral bodies. With aging, the discs dehydrate and
thin, resulting in a loss of height. The cervical and lumbar discs,
particularly, are subject to early degeneration from one or more of
a number of causes. Weakening and/or tearing of the annulus can
result in a broad-based bulge or a localized (focal) protrusion of
the nucleus and adjacent annulus; such an event can compress

. disc
Spinal
nerve ¢

Interspinous
lig.







SKELETAL AND ARTICULAR SYSTEMS

CERVICAL & THERAGIC VERTERRAE

CN: Use red for M and use the same colors as were used on Plate 21
for C and T. Use dark colors for N, O, and R. (1) Begin with the parts of

28

Cranium See 21

acervical vertebra. Color the atlas and axis and note they have been
5 _ . . LATERAL
given separate colors to distinguish them from other cervical vertebrae. VIEW
(2) Color the parts of a thoracic vertebra and then the thoracic portion co
of the vertebral column. Note the three different facet/demifacet colors. -
N\~ Inter-
vertebral

GCERVICAL VERTEERA:
@@cl? ¢!
PEDICLE:

TRANSVERSE PROCEESS. P SUPERIOR.

RARBTICULAR PROCESSH:
FRGET

Transverse
foramen

foramen

RULASH
AYWISH

Transverse
foramen

Anterior arch

It
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Facet for
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AN
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Transverse
foramen

VERTEBRAL
BORTERY

Vertebral

canal Posterior arch

J~ Posterior tubercle

Vertebral
foramen
SUPERIOR &
VIEW
Bifid spine {

A\
\

TYPICAL CERVICAL (C4) VERTEBRA FLEXION/EXTENSION

ROTATION

LATERAL FLEXION

The small seven cervical vertebrae support and move the head and neck, supported by liga-
ments and strap-like paracervical (paraspinal) muscles. The ring-shaped atlas(C1) has no
body; thus there are no weight-bearing discs between the occiput and C1, and between C1
and C2 (the axis). Head weight is transferred to C3 by the large articular processes and facets
of C1 and C2. The atlantooccipital joints, in conjunction with the C3-C7 facet joints, permit a
remarkable degree of flexion/extension (“yes” movements). The dens of C2 projects into the
anterior part of the C1 ring, forming a pivot joint, enabling the head and C1 to rotate up to 80°
(“no"” movements). Such rotational capacity is permitted by the relatively horizontal orientation
of the cervical facets. The C3-C6 vertebrae are similar; C7 is remarkable for its prominent
spinous process, easily palpated. The anteriorly directed cervical curve and the extensive
paracervical musculature preclude palpation of the other cervical spinous processes. The
vertebral arteries, enroute to the brain stem, pass through foramina of the transverse processes
of the upper six cervical vertebrae. These vessels are subject to stretching injuries with extreme
cervical rotation of the hyperextended neck. The cervical vertebral canal conducts the cervical
spinal cord and its coverings (not shown). The C4-C5 and C5-C6 motion segments are the
most mobile of the cervical region and are particularly prone to disc/facet degeneration.

The twelve thoracic vertebrae—characterized by long, slender spinous processes, heart-
shaped bodies, and nearly vertically oriented facets—articulate with ribsbilaterally. In general,
each rib forms a synovial joint with two demifacets on the bodies of adjacent vertebrae and a
single faceton the transverse process of the lower vertebra. Variations of these costovertebral
joints are seen with T1, T11, and T12.

TYPICAL THORACIC (T5) VERTEBRA

Intervertebral
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CUMBRR, SRCRAL & COCEYEEAL VERTERRARE

CN: Use the same colors as were used on the previous two plates for
C. T.L,E F A, S and Co. (1) Begin with the three large views of lumbar
vertebrae. (2) Color the different planes of articular facets. {3) Color the
four views of the sacrum and coccyx. Note that the central portion of
the median section receives the vertebral canal color (E').

CUMBAR YERTEBRA L
VERTEERAG FORARMEN «
VERTEEBRAL CRANMEL &'

WTERBVERTEBRAL CORBAMEN
IWTERVERTERRA®L DISCA

Body

Transverse
process

Superior
articular
—_— process

inous
process

Lamina

SUPERIOR VIEW

L
Superior L1
Superior articular y
articular process ]nf'e”Of
Transverse process articular
process facet process

Inferior
articular

Superior
articular
Spinous _process

process

POSTERIOR VIEW

Auricular
surface
for iliac bone

Ossified
discs

VIEW

The sacrum consists of five fused vertebrae; the intervertebral discs are
largely replaced by bone. The sacral (vertebral) canal contains the ter-

minal sac of the dura mater (dural sac, thecal sac) to S2 and the sacral
nerve roots, which transit the sacral foramina. The sacrum joins with the
ilium of the hip bone at the auricular surface, forming the sacroiliac joint.

Posterior
sacral
foramina

LATERAL

The five lumbar vertebrae are the most massive of all the individual
vertebrae, their thick processes securing the attachments of numerous
ligaments and muscles/tendons. Significant flexion and extension of the
lumbar and lumbosacral motion segments, particularly at L4--L.5 and L5-
S1, are possible. At about L1, the spinal cord terminates and the cauda
equina (bundle of lumbar, sacral, and coccygeal nerve roots; see Plate
70) begins. The lumbar intervertebral foramina are large. Transiting nerve
roots/sheaths take up only about 50% of the volume of these foramina.
Disc and facet degeneration is common in the L4-L5 and L5-S1 seg-
ments; reduction of space for the nerve roots increases the risk of nerve
root irritation/compression. Occasionally, the L5 vertebra is partially or
completely fused to the sacrum (sacralized L5). The S1 vertebra may be
partially or wholly non-fused (lumbarized S1), resulting in essentially six
lumbar vertebrae and a sacrum of four fused vertebrae.

The planes (orientation) of the articular facets determine the direction and
influence the degree of motion segment movement. The plane of the cer-
vical facets is angled coronally off the horizontal plane about 30°. Consid-
erable freedom of movement of the cervical spine is permitted in all
planes (sagittal, coronal, horizontal). The thoracic facets lie more verti-
cally in the coronal plane and are virtually non-weightbearing. The range
of motion here is significantly limited in all planes, less so in rotation. The
plane of the lumbar facets is largely sagittal, resisting rotation of the lum-
bar spine, transitioning to a more coronal orientation at L5-S1. The L4-L5
facet joints permit the greatest degree of lumbar motion in all planes.

FLEXION \
L — L

15
EXTENSION
f LATERAL
FLEXION

==

S1 Superior
articular facet

\
Auricular
surface
for iliac bone

sacral

~ POSTERIOR
foramen

SURFACE  SURFACE

The sacrum and the ilia of the hip bones form an arch for the transmis-
sion and distribution of weightbearing forces to the heads of the femora.
Itis a strong arch, and the sacrum is its keystone. The coccyx consists
of 2-4 tiny individual or partly fused, rudimentary vertebrae. The first
coccygeal vertebra is the most completely developed.
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BENY THERRA

CN: Use the same colors as were used on Plate 22 for true ribs, tho-
racic vertebrae, demifacets, and transverse process facets. Use bright
colors for A-C. (1) Color the anterior view of the bony thorax. Color
each rib completely before going on to the next. (2) Color the posterior

30

See 50, 104, 129, 135

view in the same manner. (3) Color the tateral view of the bony thorax.
(4) When coloring the drawings of a rib and the sites of articulation,
note that the rib facets (drawn with dotted lines) are to be colored even
though they are on the underside of the rib.

STERMVRD -+ 128 ROBS - COSTARL

AINIUB NN

7 FPRVE. CRARBTILAGBE DO

BO/ON & FRALSE: LIORACIC
KIPHOID PROCESS:. & FLOARTING)= VERTEBRA (123)

Clavicle

Scapula

Inferior
thoracic
aperture

ANTERIOR
VIEW

The bony thorax is the skeleton of the chest, harboring the heart,
lungs, and other significant organs. The superior thoracic aper-
ture or thoracic inlet (often called thoracic outlet by surgeons)
transmits the esophagus, trachea, nerves, and important ducts
and vessels (Plate 104). The inferior thoracic aperture is virtually
sealed by the thoracic diaphragm (muscle), through which pass
the aorta, inferior vena cava, and esophagus (Plate 50). The
region between each pair of ribs is the intercostal space, contain-
ing muscle, fasciae, vessels, and nerves (Plate 50). Collective rib
movement is responsible for about 25% of the respiratory effort
(inhalation, exhalation); the diaphragm does the rest (Plate 135).

The fibrocartilaginous joint between the manubrium and the body
of the sternum (sternal angle, sternomanubrial joint) makes subtle
hinge-like movements during respiration. The xiphoid makes a
fibrocartilaginous (xiphisternal) joint with the body of the sternum.
The sternum is largely cancellous bone containing red marrow.
The costal cartilages, representing unossified cartilage models
of the anterior ribs, articulate with the sternum by gliding-type
synovial joints (sternocostal joints, except for the first joint, which
is not synovial). All ribs form synovial joints with the thoracic ver-
tebrae (costovertebral joints). Within each of these joints, the rib
(2 through 9) forms a synovial joint with a demifacet of the upper
vertebral body and with a demifacet of the lower body (costocor-
poreal joints). In addition, the tubercle of the rib articulates with
a cartilaginous facet at the tip of the transverse process of the
lower vertebra (costotransverse joint). Ribs 1, 10, 11, and 12
each join with one vertebra instead of two; ribs 11 and 12 have no
costotransverse joints. True ribs (1-7) articulate directly with the
sternum. Ribs 8-12 are called false ribs; ribs 8-10 articulate
indirectly with the sternum (via cartilages connecting to the 7th
costal cartilage) and ribs 11 and 12 (floating ribs) end in the mus-
cular abdominal wall.
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POSTERIOR
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Neck Head
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SKELETAL AND ARTICULAR SYSTEMS / UPPER LIMB

PECTERAL GIRDLE & ARM BENE
CLAVIGLE.
SCAPULA:

Articular capsule

Acromioclavicular/
joint

Interclavicular
.lig.
o == Costoclavicular
lig.
) M.~ P

NG =T
%/ NI

Sternoclavicular joint
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— =
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/ R s NTRE 4
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groove ) &, , L3 Articular
Arg_cular iz capsule
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fossa

Acromion

Lesser
tubercle

Lateral

Acromion

L Deltoid
tuberosity

ANTERIOR VIEW
(Right arm)

Coracoid
process

Glenoid fossa

fossa

Subscapular
fossa

Lateral ||
| margin

\ Coronoid fossa

Medial
€picondyle
LATERAL
VIEW
Trochlea

Lateral

epicondyle  Capitulum

The mobility of the upper limb is largely dependent
upon the pectoral girdle, composed of two scapulae
and two clavicles. This girdle is best appreciated

in the view from above. The only bony connection
of the girdle to the axial skeleton is by way of the
sternoclavicular joint (saddle type, synovial; with
articular disc). This disc sustains significant loads
with falls on the shoulder. Ligament-bound, the disc
is rarely displaced; more likely with such falls, the
clavicle will break. The distal extremity of each clav-
icle articulates with the acromion of the scapula in a
gliding type synovial acromioclavicular or AC joint.
This joint is commonly disjointed (separated shoul-
der) with certain activities, an event not to be con-
fused with shoulder joint dislocation.

parts of the axial skeleton. These

The arm bone or humerus is joine
the glenohumeral joint, a ball and

of motion, enhanced by scapular
thoracic motion). Fractures of the

The scapulae have no direct bony connection to the

axial skeleton. Rather, they are secured by a number
of muscles that reach out from these bones to different

give each scapula remarkable mobility over the pos-
terior thoracic wall. The thin, flat part (“blade”) of the
scapula is rarely fractured, packaged in muscle as it is.

plate). At this joint, the humerus enjoys a broad range

occur at the surgical neck, mid-shaft, or the distal
extremity. The sharp sensation generated by striking
the ulnar nerve under the medial epicondyle gives
rise to the name “crazy bone." It is humorous that the
humerus also is known as the “funny bone."

31

See 32, 34,54, 55

UMIERYVS .

CN: Use very light colors in order to
see surface detail. (1) Color each view
completely before going on to the next.
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GCLENOMUVMECRAL (SHOULDER) JSINT

CN: Use the same color that the scapula (A) and humerus (B) received on the
preceding plate.Use light blue for (C). (1) The scapula (A) and humerus (B) are
only to be colored in the upper right corner. (2) Color all igaments gray. Because
the glenohumeral ligaments are thickenings of the joint capsule (E), they are col-
ored both gray and the color assigned to E. (3) The subdeltoid bursa and the
subacromial bursa (F) are one continuous structure. (4) In the coronal section,

SERPUEAR A

*GLENOHUMERAL JOINT

U ERIYSE

part of the synovial membrane (G) has been removed to reveal the biceps ANJIEE?A',OR
brachii tendon where it attaches to the supraglenoid tubercle of the scapula. (Right shoulder joint)

Acromioclavicular joint
Acromion

Cut edge of

joint capsule .
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joint capsule

Intertubercular
groove
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\. Supraspinatus m.
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The glenohumeral (shoulder) joint is a synovial, ball-and-socket-
type, multiaxial articulation between the glenoid fossa of the

Axillary

scapula and the head of the humerus. The shallow fossa is 14 ()% 563/, recess GLENOID - )
deepened by the /abrum around its rim. The fossa and the U /g Mt} e & FossA
humeral head are covered with a thin layer of articular (hyaline) U==2//Al '

9 CORONAL SECTION

cartilage. The connecting ends of the bones are encapsulated i
with a fibrous joint capsule lined internally with a synovial

membrane and containing a small amount of synovial fluid.

Usually isolated from the joint capsule and its cavity are numer-

ous fibrous sacs of synovial fluid (bursae) intervening between

muscle tendons crossing bones, tendons, and muscles. One of

these, the subacromial bursa, has great clinical significance Tendon of
(see Plate 55). Acromion Ly supraspinatus m.

The tendon of the long head of biceps brachii arises from the

scapula’s supraglenoid tubercle just above the 12 o'clock point Tendon of
of the glenoid labrum. Ensheathed by synovium, the tendon infraspinatus m. .
passes over the head of the humerus within the fibrous capsule 7 i ~—C T
and emerges below the capsule in the intertubercular groove to 4 :
join the long head (muscle) of biceps brachii.

The fibrous joint capsule is lax (note the pouch of the axillary
recess), yet incorporates thickened bands of glenohumeral
ligaments. The capsule/ligament complex is reinforced by a
musculotendinous cuff that offers great flexibility to shoulder ;
motion. Movements of the glenohumeral joint can be see in SCAPULA |
Plates 55 and 56.

The joint suffers from overuse. Capsules become abnormally
lax, the labrum becomes torn from its attachments, the tendon
of biceps becomes frayed and torn, and the cavity of the joint ‘
may communicate with various bursae. Repetitive dislocations LATERAL VIEW

of the humeral head may induce articular cartilage damage. (Opened joint with humerus removed)

(Right shoulder joint)

Coracoid
process

Tendon of
teres minor m.
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FEREARM BONES
G Ena
RADIVS:

B ERIUSTH

CN: Use very light colors for A and B,
andthe same color for the humerus (C)

fossa

notch

that was used on the preceding plate.

Note that the distal humerus and carpal ﬁi Radial
bones are left uncolored in the large THREE head
illustrations. (1) Color the forearm JOINTS

bones in the three views, taking careful (Diagrammatic)
note of the callouts referring to surface

details. (2) In the supination/pronation

diagrams, the thumb and little finger of

the hand receive the same colors as

the forearm bones to which they relate,

regardless of hand position.

EBRDIVSs/ THIUIE SIDE s
UL /BTTEE PINECER SIDEx

Radial
tuberosity

ANTERIOR
VIEW
(Right forearm)

PRONATION

SUPINATION NEUTRAL

(Anatomical position)

The two bones of the forearm are quite different from one another. The
posterior aspect of the proximal extremity of the ulnais characterized by
a rather massive bone mass called the olecranon. You can feel it easily
at the back of your elbow. On the anterior side of the olecranon is the
trochlear notch, which articulates with the trochlea of the humerus at the
humeroulnar joint (synovial; hinge). A part of this surface turns to face
the radius (the radial head); this is the radial notch, which contributes to
the proximal radioulnar joint (synovial, pivot). The uinar shaft narrows
distally to terminate as the head of the ulna. The head forms a pivot-
type, synovial joint with the radius (distal radioulnar joint). This joint
shares an articular disc that fits between the ulnar head and the lunate
and trequetral bones of the wrist. This disc contributes to the radiocar-
pal (wrist) joint, but the ulnar head does not. The shaft of the ulna forms
a movable, fibrous joint (syndesmosis) with the shaft of the radius by
means of the interosseous membrane.

The radius has a small rounded head proximally, articulating with both

AN

MEDIAL VIEW
(Right forearm)

Jah 33
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POSTERIOR VIEW
(Right forearm)

ANTERIOR VIEW
(Right forearm)

the capitulum of the humerus (radiohumeral joint; synovial; pivot) and
the radial notch of the ulna (proximal radioulnar joint). The shaft of the
radius flares distally to form a broad wrist joint with the scaphoid and
lunate bones of the carpus. Falls on the hands load the wrist joint and
can cause a fracture of the radius at the relatively weak “waist” between
the shaft and the flared distal extremity (Colles fracture, Smith fracture).

After coloring and studying the supination/pronation movements, put
the palm of your right hand out in front of you, palm down (prone). In this
position, the radius and ulna are in parallel. Place the fingers of the left
hand on your right olecranon. Now supinate your right hand (to palm
up). Notice the olecranon did not move. Thus, the ulna does not move
during supination/pronation of the hand. Now find and observe the
styloid process of the radius at the right wrist (on the thumb side) as
you supinate/pronate the right hand. Note that the styloid process
moves with the thumb. You have now demonstrated how the radius
moves around the ulna during pronation and supination of the hand.
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@@@w CD@OEO?@ See 33

CN: Use the same colors for the three bones as were used on 32 and
33. Use light blue for H. (1) Begin with the three joints of the elbow 3 JOINTS AT RIGHT ELBOW REGION
region. Note that each articulating surface (dotted) receives the color

of its bone—in the lower, boxed-in illustration and in the sagittal view,

those surfaces (H) are colored light blue. Color K yellow. (2) Color A
the remaining views of the joint capsule and ligaments.
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The elbow joint consists of two separate articulations Olecranon
with the humerus: the humeroulnar and radiohumeral
joints (synovial; hinge type). Movements of this joint
are limited to flexion and extension. Note that the RIGHT
C-shaped, articular cartilage-lined trochlear notch ELBOW
of the ulna rotates around the pulley-shaped trochlea _
of the humerus during these movements. In extension, C‘l’é‘;’;g'd
the upper part of the trochlear notch fits into the ole- Capitulum | Trochlea SAGITTAL SECTION

cranon fossa of the humerus. In flexion, the coronoid
process of the ulna fits into the coronoid fossa

of the humerus (see Plate 33). The ligaments of the
elbow joint—essentially, the radial and ulnar collateral
ligaments—reinforce the fibrous joint capsule.

The joint between the radius and the ulna (proximal

radioulnar joint) permits the radial head to pivot within

the radial notch of the ulna. The ulna cannot pivot

around anything because of the shape of the humer-

oulnar joint. Though the proximal radioulnar joint is not

considered part of the elbow joint, its synovial cavity

and fibrous joint capsule is continuous with that of the

elbow joint, and it is secured by both radial and ulnar

collateral ligaments. The annular ligament is attached

at both ends to the sides of the radial notch of the Tendon of
ulna. It is more narrow below than above (i.e., it is biceps brachii m.
beveled). It surrounds and secures the head (above) A\ t
and the neck (below) of the radius and resists its
displacement when the hand is pulled away from

the shoulder. The lower part of the annular ligament
is lined with synovial membrane; the upper part is
fibrocartilaginous and is associated with the rotation
of the radius at the proximal radioulnar joint. The joint =
capsule and the radial collateral ligament reinforce Brachialis m.
the retaining function of the annular ligament. MEDIAL VIEW LATERAL VIEW

(Elbow joint, lateral view)

ANTERIOR VIEW

T Coronoid process

™~ Radial notch of uina
(Proximal radioulnar joint)

ANNULAR LIGAMENT
(Diagrammatic)

Medial

‘ Lateral
|\ epicondyle

epicondyle Tendon of

biceps brachii m.

Tendon of
triceps brachii m.
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CBOST AN HAND BEMES & JJICINTS

CN: Use light colors other than those used for the three arm bones on

ligaments of the wrist joints gray. Numerous carpal and phalangeal liga-

the previous plates for | and J, light blue for K. (1) Color the three views ments are not shown. (3) In the sectional view, color the bones and their
of the hand and wrist: note the callouts identifying the joints that contrib- articular cartilage (L). Color the synovial cavities (L with dark outlines) of
ute to the movements shown in the satellite sketches. (2) Color the major the wrist black, but not the intercarpal joint cavities.

CARARPALS--

SEAPHOIDA LUNATE:s TRIQUETRUIW RPISIBORWe
TRRAPEROIDF CRPITARTE: RARAMAUTE H

TRAPEZIUME

8 MIBTAGCRRPALS: 1¢ PIALANGCES.

Sesamoid

bone

ANTERIOR (PALMAR) VIEW
(Right hand)

Ulnar
collateral lig.

Palmar

vistar
phalanx
Middle
phalanx
Base ﬁ
Proximal 1 5
phalanx " Transverse
Head carpal ligament Tubercle
(knuckle) )= Hodiedi of trapezium
Interphaiangeal ihe hamale
(IP) joint
Distal Metacarpo-
phalanx phalangeal
MP) joint,
S | 0 CARPAL TUNNEL
phalanx /
/
\ 7 Intermetacarpal
Carpo- \ (IM) joint
metacarpal X /
(CM) joint
Intercarpal "\ 18! CM joint
IC) joint
Gyt Styloid
Radiocarpal process
(wrist) joint of ulna
) Intercarpal 3
Styloid Articular disc  joint cavity
process
of radius Ulnar
collateral lig.
POSTERIOR (DORSAL) VIEW Radiocarpal
(Right hand) joint cavity Articular
disc
Radial Distal radioulnar
collateral lig. joint cavity
1st metacarpal JOINTS OF WRIST & CARPAL BONES
(Dorsal view of frontal section)
Radial Ulnar
collateral lig. 2 collateral lig @@F \
ICUILAR CRRTILAGE
Dorsal % Dorsal 3
radiocarpal lig. Ulnocarpal lig. W@@WOQ& @@@D?WL (o) ('rl“)

Radius 7 Una
MAJOR LIGAMENTS

The wrist joint (synovial; biaxial) is formed
by the distal articular surface of the radius
with the articular surfaces of the scaphoid
and /unate bones primarily, and between the
articular disc and the triquetrum second-
arily. Movements here are flexion, extension,
adduction, and abduction. The wrist joint
and carpal joints are secured by palmar and
dorsal radiocarpal and ulnocarpal ligaments
and by radial and ulnar collateral ligaments.
The intercarpal joints, between the proximal
and distal rows of carpal bones, contribute
to wrist movement. The trough between the
hamate and trapezium bones anteriorly pro-
vides a carpal tunnel for the passage of the
long flexor tendons to the thumb and fingers

LOGAMWERIT M+

as well as the median nerve. Compression
by the transverse carpal ligament can irri-
tate or depress the function of the median
nerve (numbness to three radial fingers;
thumb weakness). Guyon’s canal transmits
the ulnar artery and nerve.

Hand movement involves movements of the
metacarpophalangeal (MP) and interpha-
langeal (IP) joints primarily, and among the
carpometacarpal and intermetacarpal joints
secondarily—with one exception: the unique
first carpometacarpal (CM) joint (synovial;
saddle). Notice the mobility it gives the
thumb, as in opposing thumb and little
finger, and circumduction of the thumb.

ulnocarpal lig.

Ulna

Palmar

MAJOR LIGAMENTS

MEDIAL VIEW
{Pronated right hand/wrist)

35

See 33

.

ABDUCTI!ON

WRIST
EXTENSION







SKELETAL AND ARTICULAR SYSTEMS / UPPER LIMB
BEOWES /JOINTS (i) BEVIGHW

(See appendix A in the back of the book for answers)

CN: In doing this review you are asked to write in the name of the bone with

the same color used for each bone in the two large illustrations. Since

this is a review and not a test, you may wish to use the colors that

were used for these bones in Plates 31, 33, and 35? Use a

new color for carpals (F). (1) Color the arrows pointing ///
to places where bones can be seen or palpated. :
(8) Write as many names in black pencil of
the numbered joints you can recall.

A
B /
c /"
D '\
E \
: \
G ;’
H f’
- ‘ ANTERIOR v
SONE f/", e l /(Rigmvl}spv:rnmb) A .“]’: /j
SURFACE /{/ X / ' (';/’) el
MARKINGS ! )

The upper limb is remarkable for its mobility.
The mechanism for this begins with the
scapula, which is dynamically tethered by
muscle to the posterior thoracic wall. On
yourself, reach over your shoulder to palpate
the scapular spine and acromion (recall
Plate 31). Looking into a mirror over your
shoulder, move your shoulders up and down,
wrap your arms around yourself and stretch
them out, and reach upward, then down-
ward, to see the scapula move.

2 ] ; The humerus can be palpated easily from
S~ s I just distal to the shoulder down to the elbow.
J There the medial and lateral epicondyles,

as well as the olecranon, can be felt. Can
you feel the ulnar nerve under the medial
epicondyle? Feel hard enough and it might
“speak” to you, all the way down to your little
finger! Starting with that little finger and
working to the thumb and up, move each
joint of the upper limb thatyou can, identify
it, and test its range of motion.

JOINTS OF THE UPPER LIMB

a |||

36

See 31, 35

BONE

11 suURFACE

' MARKINGS

POSTERIOR
VIEW
(Right upper limb)
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GO0 BEWE, PELVIGC GIRLPLE & PELWIS

CN: Use very light colors for bones A-D. The sacrum (D) combines
with A-C (below) to form the pelvis. (1) Color the diagrammatic
representations of the basins of the false and true pelves.

They are shown together in the lower right diagram.

F0E BOWGE -

Poster

0G0MD A \
ISCHIVWRD = agramatie) Gzl
@@ 0@ c Acetabulum

iliac spine

Posterior inferior

37

See 38, 39, 52, 53

MEDIAL VIEW
(Right bone)

Auricular surface
(sacroiliac joint)

LATERAL VIEW
(Rightbone)

ior superior

Anterior superior //;
iliac spine

\Grealer

/ l iliac spine \
B/ody AoE )

iliac spine Body et
@@@@@m D @@@@WS@ D' Greater @@@ sciatic notch
sciatic notch Superior Ischial
\\. L
E@@@@ @@@WU@ £ Isct:]i:l/ 3 pubigramus Lspme
spi ~ Lesser
Pubi iati
PELVIG IWAET ~ Lesser verci Toron
?@QD@, EPELWIS ¢ pué)’]‘éegor;us Arcuate
Ischial line
®@@QQD@ ©@F&@? H tut?grolgily Acetabulum Obturator Ramus
foramen of ischium
S |
N promoniory POSTERIOR
ANJIEE%‘IIOR Satj:or%l{lac %H / Pelvic \.;/\ VIEW
) 2

Arcuate line

liac X
N\ (Pelvic brim)

crest

Pelvic
outlet

Anterior superior '
iliac spine

Anterior interior

Posterior superior
iliac spine

.| Posterior inferior

iliac spine AL iliac spine
Hip Joint N
Acetabulum P ey Ischial
- y spine
Neck of ‘/( ] a
Superior the femur ‘ Ischial
pubic ramus / Femur \ s b bi tuberosity MEDIAL/SAGITTAL
. . ; ubpubic VIEW
Symphysis pubis Pubic \
(u%terpzbic disc) tubercle / ! CacEy angle
Sacral
lliac promontory
crest
Arcuate
line
Pubis
1
FALSE TRUE
(GREATER) * (LESSER)
PELVIS PELVIS

(Diagrammatic)

The hip bone (pelvic bone, os coxae) consists of three bones con-
nected by cartilage until the second decade of life, and then bone
thereafter: the ilium, ischium, and pubis. The hip bone has been likened
to a propeller: the acetabulum, the socket for the hip joint where all
three bones are fused together, is the hub. The flattened wing (ala) of
the ilium would be one blade of the propeller, and the ischiopubic bone
would be the other blade. The weight of the torso and upper limbs is
transmitted from the sacroiliac joint to the acetabulum through the body
of the ilium. The posterior and inferior ischium and the anterior and infe-
rior pubis form a ring of bone with the obturator foramen in the center.
The ischium is significant for its ischial tuberosity, upon which one sits.
The pubis is easily palpable centrally at the level of the groin.

The two hip bones are connected anteriorly by the symphysis pubis
(interpubic joint; cartilage/fibrocartilage, with cartilaginous disc).
These two bones constitute the pelvic girdle. With respect to the con-
cept of “girdle,” the ischiopubic bones are somewhat similar in shape
and function to the clavicle, and the iliac bones to the two scapulae.
Because of its weight-bearing function, the pelvic girdle is considerably
less mobile than its pectoral counterpart, which had a mobility function.

(Diagrammatic)

The two hip bones and the sacrum constitute the pelvis. The cavity of
the pelvis (basin) consists of a false (greater) and a true (lesser) pelvis.
The orientation of the pelvis can be appreciated by placing a bony
pelvis in the laboratory/classroom against a vertical wall such that the
anterior superior iliac spine and the pubic tubercle are in contact with
the wall simultaneously. That part of the pelvis below an oblique line
from the sacral promontory, forward and downward along the arcuate
lines of the ilium, to the pubic crest (floor of the pubic tubercle) is

the true pelvis. The line just described demarcates the pelvic inlet
(superior pelvic aperture). The pelvic inlet is continuous above with the
abdominal cavity, which includes the greater pelvis. The anterior wall of
the greater pelvis is entirely muscular; confirm this on yourself. The true
pelvic cavity has both bony and muscular walls and contains numerous
structures (Plates 157, 160). The plane of the inferior pelvic aperture
(pelvic outlet), along a line from the inferior aspect of the pubis to the
tip of the coccyx, is much more horizontal than that of the inlet; the floor
of the outlet is muscular (Plate 52). The pelvic cavity is continuous
below with the perineum (Plate 53).
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MIRLE & FEMALE PELVES

CN: Use very light colors for A and B. MDALE, FERIALE:

Use the same colors on structures C-F
as were used on the preceding page
where they were labeled E-H. (1) Care-
fully color the diagrammatic basins
representing the false and true pelves.
(2) Color the female pelvis (dotted)
superimposed on the dark outline of
the male pelvis (not colored). Color the
two examples of subpubic angles (G).
(3) In the lateral view, note the slightly
forward tilt of the female pelvis, which
accentuates the curve of sacrum/
coccyx and lifts it away from the
pelvic outlet (shown from below).

lliac
A crest

WARARE PELYISA

SECRYUM /CROGGEY A A e A e
FEMALE PELYIS:
SRCRUM /COREYR:

FRLSE PELYIS.
PELVIG (WLET o

TRUE PERLVISE:
PELYIC CUTLETF

SUB-PYUBIC ANGLE

MALE ANGLE

- FEMALE ANGLE ndex e

l , Index MALE/FEMALE PELVES
finger finger finger
Female and male bony pelves often differ. These differ- OMJ@)@@
A

ences have been investigated and analyzed for many
reasons, including forensic identification of bodies, gyne-
cologic evaluations, and anthropologic research. A pri-
mary interest of pelvic dimensions and physical char-
acteristics is in the clinical prenatal examination. It is obvi-
ously important that the birth canal be unimpeded for the
fetus at birth. Obstetric-related measurements of pelvic
diameters are accomplished radiologically (pelvimetry). A

In general, female pelves are wider than male pelves in all
dimensions. Females have a wider subpubic angle than
males. This angle can be measured easily on a laboratory
skeleton by placing the hand against the pubis such that
the thumb covers one inferior pubic ramus and the index
finger covers the other. If the angle created by these two
digits is superimposed rather precisely over the subpubic
angle of the pelvis being measured, it is probably a
female pelvis. If the subpubic angle fits between index
and middle fingers, it is probably a male pelvis.

When two different pelves are compared side by side,
female pelves tend to have broader true and false pelves
than male pelves. The pelvic inlet and outlet is generally
larger in women. The space between the ischial tuberosi-
ties is greater in females, as is the space between ischial
spines and the ischial spine and the sacrum. There tends
to be a larger sacral curvature in females, as well as a
larger sciatic notch.

Posture, bone conditions such as osteomalacia, and a
number of other factors can influence pelvic shape and
pelvic capacities.

Curvature

(Posterior) (Posterior)
INFERIOR FIEW INFERIOR VIEW
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5@@@@0@0@@ 000@) cg@awi?@ LATERALIANTERIO VIEW (“;:f{ﬁﬁ:,) MEDI‘?EVI%WV See 37

CN: Use light colors for A, C, and L and light blue for B. The hip bone (C) is a
fusion of the illium, ischium, and pubic bones (studied separately on Plate 37). All

contribute to the hip joint. (1) The upper left inset shows only one of the two auric- Ilium
ular surfaces of the sacrum; the partial arrow (B‘) points to the unseen surface.
The synovial membrane (H) of the hip joint is shown only in the large view (where
the femur is displaced). (2) In the lower two views, use color for the relevant liga-
ments that appear among the titles, while coloring the remaining ligaments gray. Fosterior
~ inferior
1\ iliac spine
SRCROIGIAG JCIWT-
SIACIRUIAN
AOVRBICULAR SURBFAGCE s
Hi® BeNE:
AVBICULAR SVREAEEs'
STV IR CRVIT .. -
reater
WTERESSEEUS SRGRO0ILIBDE 0@ p trochanter

POSTERICR SAGRE (LIRS LG«
AWTEROCE SACROIGIREG LIGsF

0@ IO T

0P BEWEc
ACETABYLLMI-

RACETABULAR LABRYM ¢
ARUTICYLAR CARRTILAGE s
SYWOVIRE MERDERAWIE H
CIGEARIBTUN TERES 1
SYMEOVIAL GAVITY J-

FEROVR «
ARTICUVLAR CARTILAGE s
JEINT GRRPSVLE .
ICIQFERMCREL G1Gam
ISICHICIEENORIA BIGEL
PUBOFEMORAE GIG,0 o

APERITIONAG PELVIC LIBSo*

Transverse
acetabular lig.

Ischium

Line of joint

The sacroiliac joint is a significant load-bearing articulation. The
auricular surfaces of the illium and sacrum are roughened and
cartilage-lined: the sacral surface is hyaline; the iliac surface is fibro-
cartilaginous and thinner. Only the lower half of the joint is synovial
with a cavity; the upper half is ligamentous. A fibrous capsule sur-
rounds the entire joint. The cavity becomes smaller in later life, and
the joint surfaces may fuse with advanced age. Movement of the joint
is controversial; some anterior and posterior movement, with rotation,
has been described. This motion may be increased during preg-
nancy. Movement is sharply limited by the irregularity of the articular
surfaces and by the dense, thick posterior sacroiliac and the thinner

Transverse
t acetabular lig.

anterior sacroiliac ligaments. The joint, its ligaments, and crossing FRONTAL SECTION OF HIP JOINT
muscles are implicated in the painful “sacroiliac syndrome". Inflam-
mation of the synovial part of the joint (sacrailiitis) is well recognized Anterior

. . . . " 4th lumba itudinal l
in many auto-immune-related diseases (e.g., ankylosing spondylitis, bR ~ longitudinal lig.
. lliolumbar lig.

rheumatoid arthritis, and inflammatory bowel disease). POSTERIOR _ . (= ST % = _m.
The hip joint is a ball and socket, synovial joint between the acetabu- VIEW ¢ : % / SN VIEW
lum of the hip bone and the head of the femur. The joint permits flex- g

ion, extension, adduction, abduction, medial and lateral rotation, and
circumduction. Each joint surface is lined with articular cartilage; that

Sacral
of the acetabulum is C-shaped. The incomplete bony socket of the foramen ! Inguinal lig
acetabulum is completed by the transverse acetabular ligament and . )
N o T L2 Sacrospinous \{ Sacrospinous
is enhanced by a 360° fibrocartilaginous labrum. The joint is encap- lig—.__ X 3 75\ i Sy lig.
sulated; the three strong iliofemoral, ischiofemoral, and pubofemoral Sacrotuberous Y. —=f— Sacrotuberous
ligaments reinforce this fibrous capsule. Arising within the acetabu- lig. ™ lig.

lum between the arms of the acetabular cartilage is the ligament of
the head of the femur (lig. teres). it offers little resistance to forced
distraction, but it does transmit vessels to the femoral head. An 44 ] = )
adequate blood supply to the joint requires both femoral circumflex —— o;>

A . ) ) turat
vessels in addition to the vessels in the ligamentum teres. PELVIC LIGAMENTS men?t;?aﬁre
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See 41

THIGH & LEG BeNES
CEMYR. TIEB0As
FIBVLACc

PATEELR,

CN: Use light colors on the four bones in order to study surface detail. (1) After coloring

the two main views, color gray many of the more superficial ligaments, tendons, and muscle
attachments that stablize the region of the knee. Although not distinguishable in the illustrations, the
ligaments tend to be less thick and well defined compared to the tendons and muscles—important
underlying structures that are introduced in the knee joint plate that follows.

ANTERIOR VIEW
(Right limb)

The bone of the thigh is the femur; the bones of the leg are the tibia and
fibula. The greater and lesser trochanters are the site of insertion of mus-
cles of the hip. The shaft, gently curved anteriorly along its length, is
rounded circumferentially, except posteriorly where a ridge (linea aspera)
along the long axis of the bone forms the origin and insertions of a num-
ber of muscles. Distally, the shaft widens to form the massive condyles,
which contribute to the knee joint. The patella articulates with the cartilage
of the femur between the two condyles. It is a sesamoid bone that is
located within the tendon of quadriceps femoris (see next plate).

The major weight-bearing bone of the legis the tibia. Itis the only bone
of the leg that contributes to the knee joint. This stout bone has large
condyles proximally that articulate with the femoral condyles. The palpa-
ble tibial tubercle just distal to the condylesreceives the patellar ligament.
\ The tibial shaft is triangular in cross section; the apex is the sharp anterior
)' 3 border (shin), easily palpated. The anteromedial surface is barren of mus-
|
|
/
|

Greater
trochanter

Lesser ]
trochanter

cle; the anterolateral surface is muscle-covered. The expanded, distal
extent of the tibia forms an inverted L (-); the horizontal surface articu-
lates with the talus of the ankle, and the vertical portion is the quite palpa-
ble medial malleolus, which also articulates with the talus (see Plate 42).

Not directly weight bearing, the fibula is a site of muscular attachment
along the upper two-thirds of its shaft. Its head joins with the underside of
the lateral tibial condyle (proximal tibiofibular joint; synovial, plane type).
The shaft of the fibula forms an intermediate tibiofibular joint (interosseous
membrane; syndesmosis) with the shaft of the tibia. Distally, the fibula
joins with the tibia (distal tibiofibular joint;, syndesmosis). The lateral
aspect of the fibula is the palpable lateral malleolus, which articulates
with the talus. The distal extremities of the fibula and tibia form a joint
with the talus (ankle or talocrural joint); see Plate 42.

POSTERIOR VIEW
(Right limb)

. J
\ 3 g . I?
' / 7, g
Intertrochanteric \ ' {
kdcresl / i .' Il

Nutrient |
foramen 71 &)

Lateral
epicondyle

LIGAMENTS/TENDONS/MUSCLES AROUND RIGHT KNEE iadial

|
Adductor ] y . \Qi Intercondylar
tubercle ‘\\\ Z fossa

o | condyle
Tendon of .@ZHD
Kne;a )—Medial C“a'n?rgnifé.fs"gf” Enveloping ~ adductor magnus m. [/ i Intercondylar |
join epicondyle fascia ! eminence —
Medial head of

Lateral ’
epicondyle ) Iliotibial s TRAT> gastrocnemius m.
Anterior wract lL b g — Lateral head of
Proximal border 11 AL N | {4 gastrocnemius m.
tibiofibular Lateral YUK DG patellar .
joint patellar retinaculum -l Oblique
i | liteal lig.
retinaculum Articular popliteal lig
Patellar X
ligament. capsule Popliteus m.
Fibul Arcuate
ibUar liteal lig.
collateral lig. poplga '9
Fibular
collateral lig
Tibial B Tendon of & /
1o1al i
tuberosity SRMiMEMBEINgsUSS, Tendon of | Interosseous
Tibial biceps femoris membrane
Interosseous Tibial collateral lig. |
membrane collateral lig. |
0 | i
ANTERIOR @O@@M@ﬂ[ﬂ a X POSTERIOR
VIEW VIEW
. The bony parts of the knee joint provide little security during knee move- /'
ment (see next plate). Tendons and muscles crossing and moving the m“gﬁg(’)?&s J
Distal joint also have the function of reinforcing the ligamentous stabilizers of /
tibiofibular the knee. Fibrous expansions from the medial and lateral members of the
joint je quadriceps muscle merge with the fibrous capsule on each side of the
V o . .
patella to form the medial and lateral retinacula. Muscles/tendons rein-
Talocrural . . .
(ankle) joint forcing knee stability can be seen on this plate and Plates 62-66.
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CN: The femur, tibia, fibula, and patella bones are not to be colored. (1) In
the sagittal section, color (A) blue and (B) black. The synovial membrane
that lines the cavity is not shown. (3) in the anterior view, color the facets
on the posterior surface of the patella. (4) Color relationship between
attachments and function of cruciate ligaments (E, EY).

RRTIBULAR CRARBTILLYEE A
SYWEWVIRL QRVIT e «

JOINT GRRPSUWAE .

EBUORSA b

CRUGCIATE LGy AWToe / POSTRE'
WMWEWISCUSe LRULF [ VEDoF
CRTELARAR L0Gos

COLARTERAL A0S0 5 TIBIAL | PUBURRR:

The knee joint consists of two condylar synovial joints between the
femoral and tibial condyles, and a gliding synovial joint between
the patella and the femur. Note that the fibula and the tibiofibular
joint are not part of the knee joint. The movements of the knee
joint, involving essentially flexion and extension with varying
degrees of rotation and gliding, can be seen in Plates 62 and 64.

In the sagittal view of the joint, note the articular cartilage-lined
patellofemoral articulation. The patella is a sesamoid bone that
developed in the tendon of the quadriceps femoris muscle. It
resists wear-and-tear stresses on the tendon during knee flexion
and extension. Note the two facets of the patella in the anterior
view and the corresponding patellar articular surface on the femur.
The various bursae shown are variable in size. The

suprapatellar bursa is an extension of the synovial joint cavity.

The fibrous (joint) capsule is incomplete around the joint, rein-
forced by ligaments where absent or deficient and replaced by the
patella anteriorly. The synovial membrane (not shown) lines the
internal surface of the fibrous capsule; it does not cover the
menisci and the joint surfaces or the posterior fibrous capsule.

The menisci can be seen from the side in the sagittal view and
from above in the superior view of the joint. They are semilunar-
shaped fibrocartilaginous discs attached to the tibial condyles by
ligaments; they enhance the depth of fit of the femoral condyles.
The ends of the menisci (horns) are attached in the tibial inter-
condylar region. These horns are richly innervated, a fact rein-
forced to one experiencing a painful tear of the posterior horn of
the medial meniscus. The medial meniscus is more fixed on the
tibia than is the lateral. Thus, it is less flexible and more easily torn
in the face of excessive rotation and forced abduction of the knee
joint while bearing weight.

The knee joint is without bony security. It is secured by ligaments
and the tendons of the muscles that cross it, including the tendon
of quadriceps femoris anteriorly and the iliotibial tract and the ten-
don of biceps femoris laterally (Plate 62), the muscles popliteus
and semimembranosus posteriorly (Plate 66), and the tendons of
sartorius, gracilis, and semitendinosus (pes anserinus) medially
(Plate 66). See also Plate 40.

The ligaments are particularly important in limiting ranges of
motion of the knee and securing the menisci. The collateral liga-
ments resist unwanted sideward movements at the knee. The
anterior cruciate is named for its anterior tibial attachment, the
posterior cruciate for its posterior tibial attachment. In their ascent
proximally, they cross (crux, cross). The anterior cruciate passes
posteriorly and laterally to end on the posteromedial aspect of the
lateral femoral condyle; the posterior cruciate passes anteriorly
and medially to end on the medial aspect of the medial femoral
condyle. The cruciates essentially resist forward/backward dis-
placement of the tibia/femur; indeed, a torn cruciate ligament
generally results in excessive anteroposterior movements of the
tibia on the femur.

Posterior cru. lig.
resists posterior g7

41

D See 40

RIGHT KNEE JOINT
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BENES /JINTS (W REVIEW

(See appendix A in the back of the book for answers)

CN: Use light colors throughout. (1) Begin
with the bones of the lower limb. Write the
name, on the appropriate line, with the
same color that you use to color the bone.
Also color and name the corresponding
bone of theupper limb. (2 Color the arrows

LOWER LiM®

pointing to the surface markings of the

bones of the lower limb. (3) In black pencil,
write-in the names of the joints of the lower

limb. (4) Use the same colors on the fore-
and hindlimbs of a quadruped. Keep in

mind that these bones have the same
names as their human counterparts.

I e |mm|o|0 |m

UPPER LIMLE--
Al
g!
D!
£l
=
G!
H

Shoulder

CLAVICLE

e a3

/) See 39, 40, 42
!

’ BONE /
/ SURFACE
4

) MARKINGS ‘\'(f
// / / '\i Pt
(/ //I ( ; , / £
,] / \l / \ \
I \

The structure of a part reflects an adaptation for function.
This statement is borne out by comparing the bones of the
upper and lower limbs in a biped (human) with those of a
quadruped. The pectoral girdle provides a basis for mobility;
the more sturdy pelvic girdle provides stability in both loco-
motion and weight bearing. The limb bones of the lower limb
are large and solid, consistent with weight-bearing function;
the related joints are structurally secure, except the knee,
which gives up stability for flexibility. In the upper limb, the
bones are lighter and the joints are more flexible and capa-
ble of greater ranges of motion (compare shoulder with hip,
elbow with knee, wrist with ankle). Although the forearm and
leg have two bones each, there is little functional correlation
between those pairs of bones. The foot is clearly adapted for
locomotion and weight bearing, the hand (especially the
thumb) for mobility and dexterity.

JOINTS OF THE LOWER LIMB

o |N[O|O(~|WIN|—

©

N

—_
—_

-
N

QUADRUPED
(Dog)

Most mammals waik
on their “fingers” and “toes.”

FORE-LIMB







SKELETAL MUSCULAR SYSTEM 44
INTREDRYCTION T SHKEELETAL MUSELE 3

CN: Use light colors for A-E. (1) Begin with the muscle belly and tendons in the
upper illustration. (2) When coloring the narrow borders of the endomysium (C)
inthe enlarged section, it is recommended that you also color over the muscle
fiber ends (D) with the very light endomysium color, and then go back over the
fiber ends with a darker color (D). Do not color the neurovascular bundle, or

the cut ends of blood vessels and capillaries. (3) Color the lower illustration.

NEUROVASCULAR BUNDLE
(nerve, artery, vein)

SEELETAL MUSCLE -
BELLYA
CRSCIRS -
CrRIITSI
CERIMYS IV
ENDOINMNSIOVE

MVSCLE FIBER GELL)»
I ENIDE )

A named skeletal muscle (e.g., biceps brachii), surrounded by a layer
of deep fascia (epimysium), consists of fascicles or bundles of mus-
cle fibers enveloped in thin fibrous tissue (perimysium). Each muscle
fiber is surrounded by a thin sheath of fibrous tissue (endomysium).
Each of these fibrous layers is important to muscle structure and
function, providing support for nerves and vessels (neurovascular
bundles), ensuring uniform distribution of muscle tension during con-
traction, and maintaining the elasticity of muscle, permitting it to recoil
to its resting length following stretching. It is the merging of these
fibrous layers at the ends of the muscle fibers that forms thetendons,
which integrate the muscle to its attachment site(s), such as perios-
teum or another tendon. Broad, flat tendons are called aponeuroses.
The mass of the fasciae-enveloped contractile fibers is called the Q
belly of the muscle. It is the muscle belly that shortens during muscle
contraction. The belly may be shaped one of a number of ways
depending on its tendinous arrangement and attachments. Skeletal @ ~ MUSCLE FIBER
muscles are named in relation to their attachments (e.g., hyoglossus), ﬁ (single cell)

\ MUSCLE BELLY
(bundle of fascicles)
FASCICLE

(bundle of fibers)

shape (e.g., trapezius), number of heads (e.g., quadriceps), function
(e.g., adductor magnus), or position (e.g., brachialis).

Skeletal muscles employ simple machines, such as levers, to increase the
M)@@OO@@O@@ @CF %@M@&E@@?—— efficiency of their contractile work about a joint. Mechanically, the degree

of muscular effort required to overcome resistance to movement at a joint

\
E@@@@@@@F (@@OGM?/ F' (fulcrum) depends upon the force of that resistance (weight); the relative
@g@@@f/_\i (m@@@ﬂ:@)a distances from the anatomical fulcrum to the anatomical sites of muscular

effort; and the anatomical sites of resistance (joints). The position of the

@@@U@ﬁ@@@@e‘ (W@O@G‘Ome joint relative to the site of muscle pull and the site of imposed load deter-

mines the class of the lever system in use.

18T CLASS LEBVER--

In a 1st class lever, the joint lies between the muscle and the load. This
is the most efficient class of lever. By flexing the neck and posturing the
head forward and downward, the load (G1) is appreciably increased
(due to gravity), and the muscular effort (A) to hold that posture may
induce muscle pain and stiffness/tightness (overuse).

BUD CLASS LEVER

In a 2nd class lever, the load lies between the joint and the pulling
muscle. This lever system operates in lifting a wheelbarrow (the wheel is
the fulcrum) as well as lifting a 75 kg (165 Ib) body onto the metatarsal
heads at the metatarsophalangeal joints. This is a relatively easy task
for the strong calf (triceps surae) muscles; but try standing on the
heads of your middle phalanges (increasing the distance FLG)!

SR CLASS LEVER:-

In a 3rd class lever, the muscle lies between the joint and the load

and has a poor mechanical advantage here. Consider the difference in
muscular effort required to carry a 45 kg (100 Ib) bag of cement in your
hands with flexed elbows (elbow joint: 3rd class lever) and carrying
your 75 kg (165 Ib) body on the heads of your metatarsals (2nd class
lever at the metatarsophalangeal joints). It is all a matter of leverage.







SKELETAL MUSCULAR SYSTEM

IWTEERATICON OF MUSCLE AGTICON

CN: Use a bright color for A and a light one for E. (1) Color the
small arrows and the large letters of origin (O) and insertion (1)
adjacentto the examples of contracted and stretched muscles.
(2) In the lower illustration, color the portions of pronator teres
and pronator quadratus that are outlined by dotted lines. These
parts of the muscles are normally concealed by the radius in
this lateral view.

Skeletal muscle generally connects two bones and crosses
the joint between those two bones. When the muscle
shortens (contracts), the two bones come closer together,
isometric contraction excepted. Muscles never push; they
always pull. In any given movement between two bones,
one bone is generally fixed, and the other moves. The
muscle attachment at the fixed bone is the origin; the
attachment at the moving bone is theinsertion. In complex
movements where it is difficult to identify a “fixed” bone,
the origin of the muscle is the more proximal attachment.

When a muscle contracts across a joint, other muscles
crossing that joint are affected. No one muscle acts alone
in joint movement. In flexion of the elbow joint, for exam-
ple, biceps brachii (and brachialis, not shown) contracts,
while triceps brachii is stretched. Conversely, in elbow
extension, triceps is contracted, and the biceps/brachialis
muscles are stretched. In neutral, all three are relaxed(at

45

See 44

brachii

\ ;QA

ELBOW
EXTENDED

(against resistance)

ELBow Una
FLEXED

NEUTRAL

MVSCLE ACTION
ClOWRRIACIINEDY
RECLAEDs
STRETECHED-

rest). Tense (contracted) muscles can often be relaxed by
gentle stretching.

ACTORS IV BLBOW FLESICOW-

No muscle acts alone in the movement of a joint. In the movements shown at right, various
muscles are functionally integrated in the simple act of lifting an object, with the forearm
supinated in the first case and pronated in the second case.

PRIME MCVER (AEGCWIST)~

The primary muscle effecting a desired joint movement is called the prime mover
(agonist). There may be more than one; in elbow flexion with the forearm supinated,
brachialis and biceps brachii are both prime movers; biceps adds significantly to the lift-
ing power because of the added work in supinating the radius during elbow flexion. With
the forearm pronated and supination resisted, the biceps loses that supinating power,
and brachialis, unaffected by a pronated forearm, becomes the prime mover.

AW TASONIST «

Muscles that potentially or actually oppose or resist a certain movement are called antag-
onists. In the illustrations at right, triceps is the antagonist in the act of elbow flexion, even
though it is being stretched and is not contracted in the case illustrated.

FOE3RT R

Fixator muscles stabilize the more proximal joints during weightbearing functions of
the more distal joints. Here the trapezius muscle contracts to stabilize (immobilize) the
scapula, creating a rigid platform (the scapula) for operation of the weightbearing,
ipsilateral limb.

WEVTRALIZER (SYWERBGIST):

In undertaking a desired and specific movement, undesired movements are resisted by
neutralizers (synergists). During flexion of the elbow with a pronated forearm, pronators of
the forearm (pronator quadratus, pronator teres) contract to resist or neutralize supination
of the forearm. In this action, the pronators are synergistic with the desired movement.

Globally integrated and harmonious muscle functioning makes possible painless,
rhythmic, and dynamic movements, best revealed in such activities as dance, sports, and
exercise. Joints affected by tense or weak interacting muscles, induced by mechanically
disadvantaged posture/gait, can be subject to painful and limited movements.

Biceps brachii
achieves maximum
contraction with
supination of

the forearm.

— =~~~
7\ " SUPINATED
FOREARM

ACTORS IN ELBOW FLEXION
(With supination vs. pronation)

Contraction of
biceps brachii
is limited when
supination of the
forearm is resisted by
pronators teres/quadratus.

N PRONATED
i B FOREARM

/s
Pronator
quadratus

</, Pronator
teres






SKELETAL MUSCULAR SYSTEM / HEAD 46

See 47
WVSELES QF FRGIRR BLPRESSICN
CN: Use your lightest colors for O and Q. Use warm and in the profile view below. (2) Repeat the process with the sad
cheerful colors for the muscles producing a smile (A-H). side. Note that a portion of frontalis (1) has been cut away to
Color the muscles reflecting sadness (I-0) with greens, reveal corrugator supercilii (J). (3) Color the titles at the bottom
blues, and grays. (1) Begin with the smiling side, and color and the related muscles on the lower view. Include the por-
only the muscles identified by titles A-H. Color those muscles tions of the auricular muscles that disappear beneath the ear.
CREICULARIS
CIGUEE: FROMTALIS:
1S
Lt BORRUGCATOR
LEVATOR SWEERGE0G0y
LRE00
SURPERICORIS
RLABRUE ]
WAS e
GLCEVRATOR
CRE00
SVEPERICRIS @g g K@&@G@D@
LEBVARTER PERRESSOR
AREVLD ANGUL]
ORISE ORIS.L
2V COMATICYUS PEPRESSOR
@//D@cﬂ@@ F &@DO
BY EOMATICUVS INVEERICRIS 1
MR e METRLISN
RISCRIVS PLATYSMAR o
i AR
Posterior
auricular

The muscles of facial expression are generally thin, flat bands arising from
a facial bone or cartilage and inserting into the dermis of the skin or the
fibrous tissue enveloping the sphincter muscles of the orbit or mouth.
These muscles are generally arranged into the following regional groups:
(1) the epicranial group (occipitofrontalis moving the scalp); (2) the orbital
group (orbicularis oculi, corrugator supercilii); (3) the nasal group (nasa-
lis, procerus); (4) the oral group (orbicularis oris, zygomaticus major and
minor, the levators and the depressorsof the lips and angles of the mouth,
risorius, buccinator, and part of platysma); and (5) the group moving the
ears (auricular muscles). The general function of each of these muscles is
to move the skin wherever they insert. As you color each muscle, try con-
tracting it on yourself while looking into a mirror, and see what deveiops. E

Orbicularis oculi and oris are sphincter muscles, tending to close the skin i, ‘
over the eyelids and tighten the lips, respectively. Contractions of the Rz W\ .

. . . . W\ /17 / {/]] Masseter
cheek muscle buccinator makes possible rapid changes in volume of the \ / /
oral cavity, as in playing a trumpet or squirting water. The nasalis muscie
has both compressor and dilator parts, which influence the size of the
anterior nasal openings.

Sternocleido-
mastoid

A

@@@O@@?@@ P //ﬁ/\( Trapezius
GRLEL APOWEUBEOTICA N\
@CLIRPITALISk ey

AVRICULAR MUSCLESs ..,
PROCERUS, .

Pectoralis
major
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SKELETAL MUSCULAR SYSTEM / HEAD 47

MUSCLES OF MIASTICATION sv029

CN: Use a yellowish “bone” color for the mandible (E). (1) Begin with the
upper illustration and proceed to the two cut-away views exposing the
muscles of mastication. On the smaller skull, two colors (A + E) are
needed to indicate the insertion of the temporalis on the inner side of the
mandible. Three colors (A + B + E) are needed to color the part of the
external surface where the broad insertion of the masseter also covers
part of the representation of the temporalis on the underside. (2) Color
the directional arrows and muscles involved in moving the mandible.

MUSCLES--
TEMPORALISA
@U@@@@?@@B Origin of
MEIDIACYANEIRNIGION DL masseterm.
CRTEROL PrERYE@ID:

AINYDICES:

The act of chewing is called mastication. The muscles

Styloid process

Mandibular fossa

of mastication move the temporomandibular joint and
are largely responsible for elevation, depression, pro-
trusion, retraction, and lateral motion of the mandible.
These muscles function bilaterally to effect movements

Zygomatic arch
Coronoid
process

Insertion «

MUSCLES OF MASTICATION sites

of the single bone (mandible) at two joints. Chewing
motions are a product of the action of the elevator

muscles on one side combined with the contraction
of the lateral pterygoid muscle on the opposite side.

The temporalis and masseter muscles are often

X . . INSERTION OF
contractgq ungonSC|oust (;Ienchung tegth) during TEMPORALIS & MASSETER
stress, giving rise to potentially severe bitemporal and MUSCLES

preauricular headaches. The muscles can easily be
palpated when contracted. Masseter, on the external
surface of the ramus of the mandible, is easily pal-
pated there. Place your fingers there and then contract
the muscle (clench the teeth). Temporalis, on the other
hand, inserts on the internal surface of the coronoid
process and can be best palpated at the side of

the head. Its dense fascia prevents the bulging you
experienced with masseter.

The medial and lateral pterygoids are in the infra- Zygomatic arch

temporal fossa and cannot be palpated. (cut)
L ) ' Greater wing

The muscles of mastication are all innervated by of sphenoid bone

branches of the 5th cranial nerve (trigeminal), mandib-

ular division. The muscles of facial expression (recall DEEPER VIEW

previous plate), on the other hand, are all supplied by
the 7th cranial nerve (facial).

Coronoid
process

Condylar A+E
D Posterior process
view . ? =
N bee o ELEVATION
LATERAL ACTION OF MUSCLES ON THE MANDIBLE
Condylar

Posterior
fibers

process
{

Vgl

Digastric m.

PROTRUSION RETRACTION DEPRESSION






SKELETAL MUSCULAR SYSTEM / NECK
ANTERBICR & LATERAL MUVSCLES

CN: Except for Band E, use your lightest colors throughout the plate. (1) Begin
with the diagrams of the triangles of the neck and the sternocleidomastoid (A,
B, C). Color over all the muscles within the triangles. (2) Then work top and
bottom illustrations simultaneously, coloring each muscle in as many views as
you can find it. Note the relationship between muscle name and attachment.

The neck is a complex tubular region of muscles, viscera, vessels, and
nerves surrounding the cervical vertebrae. The muscles of the neck
are arranged in superficial and deep groups. Here we concentrate on
superficial muscles. The most superficial posterior and posterolateral
muscle of the neck is trapezius (Plate 54). The deep posterior muscles
are covered in Plate 49. The most superficial anterior muscle of the
neck is platysma (Plate 46). The anterior and lateral muscle groups are
divided into triangular areas by the sternocleidomastoid muscle.

ANTERICOR TRIANGLE-A
SUPRAMYOID MMUSCLES.- St O
STYLOHYOID> DIGARASTRICH STERNOCLEIDOMAESTEID «
MYLOMNYOIDr HNYOBLEOSSVSH The sternocleidomastoid muscle, acting unilaterally, tilts the head

laterally on the same side while simultaneously rotating the head and

@@G\DU@ O{JW@O@DS pulling the back of the head downward, lifting the chin, and rotating
the front of the head to the opposite side. Both muscle bellies acting
OOW@D@ @@@ e together move the head forward (anteriorly) while extending the
U&MEG’B@G’DW@U@ M@S@&@g upper cervical vertebrae, lifting the chin upward.
F'_.

STERNMOXMVYOID @RUORXY@DDF:
THYRBOOVEOID STERNWO UHYRHOID:+ .

Sternum =2

Al —

Acromion

Posterior
The anterior region of the neck is divided in the midline; each half border
forms an anterior triangle. The borders of the anterior triangle of super- Superior
ficial neck muscles are clearly illustrated. The hyoid bone, suspended border
from the styloid processes of the skull by the stylohyoid ligaments, \\\

divides each anterior triangle into upper suprahyoid and lower
infrahyoid regions.

The suprahyoid muscles arise from the tongue (glossus), mandible
(mylo-, genio-, anterior digastric), and skull (stylo-, posterior digastric)
and insert on the hyoid bone. They elevate the hyoid bone, influencing
the movements of the floor of the mouth and the tongue, especially TRIANGLES
during swallowing. With a fixed hyoid, the suprahyoid muscles, ORTHENECR
especially the digastrics, depress the mandible.

Anterior
border

The infrahyoid muscles generally arise from the sternum, thyroid carti-
lage of the larynx, or the scapula (omo-) and insert on the hyoid bone.
These muscles partially resist elevation of the hyoid bone during swal-
lowing. Thyrohyoid elevates the larynx during production of high-
pitched sounds; sternohyoid depresses the larynx to assist in
production of low-pitched sounds.

MUSCLE

Origin of ATTACHMENTS

trapezius .
Mandible

Styloid
process

External
auditory
meatus 7

\
POSTERIOR THRIANGLE- » W

SEMISPIVALIS CARRPITIS.
SEPLEWIVS CARRPITIS.:

LEVATOR SCRAPYLAE
SCALENYSE AW Toc MEDoe POSUT:

The posterior triangle consists of an array of muscles covered by a
layer of deep (investing) cervical fascia just under the skin between
sternocleidomastoid and trapezius. The borders of the triangle are
clearly illustrated. Muscles of this region arise from the skull and
cervical vertebrae; they descend to and insert upon the upper two
ribs (scalenes), the upper scapula (omohyoid, levator scapulae), and
the cervical/thoracic vertebral spines (splenius capitis, semispinalis N -2 P
capitis). These muscles' function becomes clear when you visualize 7 N A ANTERIOR VIEW
their attachments. g/ LB

=

7 Sternum /%:







SKELETAL MUSCULAR SYSTEM / TORSO

DEEE MUSCES 0OF BRGI3
POSTERICR MEEI?

CN: Use your lightest colors on the B and C groups. Note that splenius (A) and semispinalis
(C1) represent more than one muscle; the muscle subsets are identified. (1) After coloring
the muscles of the back and posterior neck, color the lower right diagram, which describes
the location and function of the deep movers of the spine.

The deep muscles of the back and posterior neck extend, rotate, or laterally flex one

or more of the 24 paired facet joints and the 22 intervertebral disc joints of the verte-
bral column. The long muscles move several motion segments (recall Plate 27) with

one contraction, while the short muscles can move one or two motion segments at a
time (see intrinsic movers).

f)
COVERING MUSECLE: 75) C’@
VA )
SPLENMIVSA 20/
The splenius muscles extend and rotate the neck and head in concert with the oppo-

site sternocleidomastoid muscle. Splenius capitis covers the deeper muscles of the
upper spine.

VERTICAL MUSCLES -

CHECTOR SPIWAEs
SEINALS = &
LENEISSIMUS:: QT
1LIECOSTALIS |

The erector spinae group comprises the principal extensors of the vertebral motion
segments. Oriented vertically along the longitudinal axis of the back, they are thick,
quadrilateral muscles in the lumbar region, splitting into smaller, thinner separate
bundles attaching to the ribs (iliocostalis), and upper vertebrae and head (long-
issimus, spinalis). Erector spinae arises from the lower thoracic and lumbar spines,
the sacrum, ilium, and intervening ligaments.

OBLIQUE MUSCLES--

TRANSVERSOSPINALIS GROUR..
SEMISPINALIS:
MUCTIEDUS: >
ROTATORES: )

The transversospinalis group extends the motion segments of the back, and rotates
the thoracic and cervical vertebral joints. These muscles generally run from the
transverse processes of one vertebra to the spine of the vertebra above, spanning
three or more vertebrae. The semispinales are the largest muscles of this group,
reaching from mid-thorax to the posterior skull; the multifidi consist of deep fasciculi
spanning 1-3 motion segments from sacrum to C2; the rotatores are well defined
only in the thoracic region.

PEEPEST MUSCLES: e
INTERTRAVSVERSARI> ' [ .
INTERSPINALISe | ‘(q:f
SUBGEEIRITAL MUSCLES- -

.7
These small, deep-lying muscles cross the joints of only one motion segment. They
are collectively major postural muscles. Electromyographic evidence has shown that
these short muscles remain in sustained contraction for long periods of time during
movement and standing/sitting postures. They are most prominent in the cervical
and lumbar regions. The small muscles set deep in the posterior, suboccipital region
(deep to semispinalis and erector spinae) rotate and extend the joints between the
skull and C1 and C2 vertebrae

Semispinalis
thoracis

Ongf;ln See 27
o]
trapezius
Sterno-
cleido-
mastoid | )
mUSSC|'9 3 _ Superior
i nuchat
line
Reclus j@ .
capitus A | Oblique
posterior 7 capitus
minor ‘ superior
Rectus
capitus Oblique
| posterior capitus
| major inferior |
L=l - Lo ’7"7
\i AW T
s, / /
¢ ;_
\ils .
Nuchal - .
ligament Splenius
capitus
c7
SEINOUS Splenius
proce‘s_s A / cervicis
Semispinalis Serratus
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=< superior
_i. External
L intercostal
Semispinalis muscles
cervicis
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See74,75, 76, 169

SKELETAL MUSCULAR SYSTEM / TORSO

Subcostal

muscle
MUSELES OF THORAN e
J Intercostal thoracic

~ membrane vertebra
& PESTERIOR ABLERIMAL MYALL, - (ansparant)
CN: Qse blue for E‘ and red for G. .(1) You may wish to darken the gnderside o_f CROSS SECTION ST
the diaphragm (A) in the anterior view. Do not confuse the arcuate ligaments with ATLEVELTS /
the 12th rib. (2) In the cross-sectional view at upper right, color the broken lines (Ribs removed)
that represent transparent, membranous portions of the intercostal muscles. T—

vessels
and nerve \°
Transversus
thoracis
- Sternum

THRRAY MUSCLES-- 5
THORAEAGIGC DIARPHERAEGE) A The thoracic diaphragm is a broad, thin muscle spanning

the thoracoabdominal cavity; the illustration shows much of INTERCOSTAL MUSCLE

ERTEENAL IWTERGCESTAL: its origin (all except the lower six ribs). FIBERORIENTATION
Uwﬁ@@@@& B@ﬁ@@@@@ﬁ'@&c The left and right halves of the diaphragm insert into each

other (central tendon). The diaphragm is responsible for

O@@@@@D@@? OW?§@@©§?@&° 75% of the respiratory air flow. Openings (hiatuses) in the

diaphragm provide passage for major transiting structures.
Inner view

Sternum rior The intercostal muscles alter the dimensions of the thoracic
External of poste ; ) ) . S
intercostal (cut) thorax cavity by collectively moving the ribs, resulting in 25% of the
membrane 7 total respiratory effort. The specific function of each of these

\ . . . " .
{Iransparent muscles, with respect to fiber orientation, is not understood.

The innermost intercostals are an inconstant layer, and here
include the transversus thoracis and subcostal muscles.

IWEERIOR YVENR CRWARE:
ESISICIREAGUISE
DORIALE

(TR
=

Central
tendon of

diaphragm ~_

Xiphoid
process

A 7
Lateral ¥
arcuate ! \A

lig.

Medial | J
arcuate™
lig.

Ingdinal '
lig. N

femur

ANTERIOR VIEW W\ LATERAL VIEW POSTERIOR VIEW
PESTERICR ABPOMMINAL
w&&& [M)ED@@G:@@-:— The tendons of iliacus and psoas major converge to a single insertion (iliopsoas).
O&O@@@@@@H lliopsoas, a strong flexor of the hip joint, is a powerful flexor of the lumbar verte-

brae; a weak psoas may contribute to low back pain. Quadratus lumborum is an

@@@@5 m@@@@r MO@@@J extensor of the lumbar vertebrae (bilaterally) and a lateral flexor unilaterally. It

0&0@@@§K functions in respiration by securing the 12th rib. Immediately anterior to these

@@@@@@?@@ &@m @U‘%@@@ muscles is the retroperitoneum (see Plate 147).






SKELETAL MUSCULAR SYSTEM / TORSO

VSEUES OF ANTERICR ABRCWMINAL WALL

& MGUVINAL BEESICR

CN: Use a dark color for J and bright ones for B and I. (1) Color the
3 layers of the abdominal wall. (2) Color the sheath of the rectus
abdominis in the lower left illustration gray. Color the two locator
arrows gray in this and the upper illustration. (3) Beginning with J
and K, and followed by H, color the coverings of the spermatic cord.

ANTERIOR ABBERUNIAL WAL -
TRANVSVERSUS ABRDORIIMISA
RECTUS ARDEOMIMISS
IWTERVAL OBLIQUE:
EETERNAL OBLIQV(ES

Tendinous
segment

Horizontal
muscle
fibers

Anterior
_superior
iliac spine

Spermatic
cord (cut)

51

See 157

The anterior abdominal wall consists of three layers of flat muscles, the tendons
(aponeuroses) of which interlace in the midline, and a vertically oriented pair of
segmented muscles that are ensheathed incompletely by the aponeuroses of the
three flat muscles (sheath of the rectus abdominis). The flat muscles arise from
the lateral aspect of the torso (inguinal ligament, iliac crest, thoracolumbar fascia,
lower cosial cartilages, ribs). The lowest fibers of external oblique roll inwardly to
form the inguinal ligament. These three muscles act to compress the abdominal
contents during expiration, urination, and defecation. They assist in maintaining
pressure on the curve of the low back, resisting “sway back”

(excess lumbar lordosis) and extension of the low back.

\ S

\ Latissimus
dorsi

muscle

Pectoralis
major
muscle
Serratus
anterior
muscle

/ Oblique
muscle
fibers

Oblique
muscle
fioers

Aponeurosis Aponeurosis

Superficial
inguinal ring

ZN\C
Y/ | SUPERFICIAL
3 LAYER

Each segmented rectus abdominis muscle arises from the
pubic crest and tubercles and inserts on the lower costal
cartilages and xiphoid process (sternum). They are flexors
of the vertebral column. The sheath of the rectus varies in its
extent, running from deep to superficial from below upward,
as illustrated. Below the arcuate line, no muscle contributes
to its posterior layer (Eg*); in the middle, all three flat apo-
neuroses contribute equally to the sheath (E'™); above, the
anterior sheath is formed from external oblique; posteriorly,
the rectus contacts the costal cartilages.

SHEATH OF RECTYVS
ABDOMINMIS _, |

" inguinal a
Superficial T . ingi?#élyi’s:' ring % &,
’n?ilr“'“al Scrotum i /-(conjoint /on/
g 1. |F ‘tendon) f /

INGUIVANREGIOIUR

The inguinal region is the lower medial part of the abdominal wall, characterized
by a canal with inner (deep) and outer (superficial) openings or rings. This canal
carries the spermatic cord (ductus deferens and its vessels, testicular vessels,
lymphatics) in the male and the round ligament of the uterus in the female. The
testes and spermatic cords "descend” (by differential growth) into outpocketings
of the anterior abdominal wall, collectively called the scrotum. In their descent,
they push in front of them layers of fibers from the three flat muscles of the
abdominal wall and their aponeuroses, much as a finger might push against four
layers of latex to form a four-layered finger glove. These are the coverings of the
cord: internal, cremasteric, and external spermatic fasciae. The lower fibers of
internal oblique are unique in that they continue in loops around the spermatic
cord as the cremaster muscle; the two are connected by cremasteric fascia. The
canal area is a weak point, subject to protrusions of fat or intestine (hernias) from
within the abdominal cavity, either directly through the wall (direct inguinal hernia)
or indirectly through the canal (indirect inguinal hernia).

Skin of
abdominal wall
/
o / COVERINGS
ord vessels, 7 internal OF THE
nerves, and “( spermatc ~ CORD
ol

ductus deferens

o\ fascia

fascia

\Super!icial
- fascia

IGUNNAINEIGYS
CREMASTER MUS. <
PYRAMIPALIS tVS0s
PCERITEOWEVH
TRANSVERSALIS FRSEIA:
SPERMAETIC CORP:
TESTIS/ BRIDIDY WISk

Skin and A\2AN
fat of
scrotum

muscle






SKELETAL MUSCULAR SYSTEM / TORSO 52

MVSCLES OF THE PERLWIS e

CN: Use bright colors for A and J, and gray for Hand I.

(1) Begin with the illustration of the pelvic floor muscles, labeled
“pelvic diaphragm,” just below the large illustration at mid-right.
Then go to that large illustration and color the same muscles.
Continue with all drawings showing pelvic floor muscles. (2)

@@&Wﬂ@ @0@@%@@@% (@&@@ @) 3&‘ Colc:r the pelvic wall muscles and the ligarpems in the “pelvic
LEVATOR A0 S
&@[W@?@@ @G’}@@ ?@?@@/ W@@DGM@@A pelvic wall muscles/ligaments.
PUBERECTARLIS.
PUEBE EOCEYEEVS:
1LI@ECEECEYBEVSH Solic

foramen .

@@@ @W@@@@E {‘ 5 Ischial \ { ;

@@&@O@ W@&& *2 lggsas"eé\?/
OBTURBRTOR MWTERBNUS o
PIRIFORMIS «

SACROUTUBEROUVS LIGAMEN T
SACROSPINMNOVS LIGERMEBNW T
TENRLINOVS ARSH

VIEW FROM ABOVE Lal%r:l ’9‘?‘?'5
(Male pelvis) SR

o (TR
The muscles of the pelvis form the pelvic floor in the pelvic outlet / vz K‘Q
(coccygeus and the levator ani) and the pelvic wall (obturator A o Anterior
. .. . ) . L Arcuate line sacrococcygeal
internus and piriformis). The fascia-covered pelvic floor muscles il 7+ ofilium _ ° lig
constitute the pelvic diaphragm, separating pelvic viscera from ' LV e anior e
the perineal structures interiorly. The pelvic wall includes the I AR sciatic

sacrotuberous and sacrospinous ligaments. -y foramen /,/ ' ~

The levator ani on each side arises from the pubic bone and ' ‘\J\Anchoccvgeél %
ischial spine and the intervening tendinous arch, droops \ , lgamant.y ’
downward as it passes toward the midline, and inserts on the W

anococcygeal ligament and the coccyx with the contralateral i !

levator ani. The muscle essentially has four parts (A, B, C, and D). Amer@°>%

Coccygeus is the posterior muscle of the pelvic floor, on the same S“ngor

plane as iliococcygeus and immediately posterior to it. The pelvic spine
diaphragm counters abdominal pressure, and with the thoracic
diaphragm, assists in micturition, defecation, and childbirth. It is
an important support mechanism for the uterus, resisting prolapse.

—— Hiatus for
2 urethra

Urogenital
diaphragm

The obturator internus, a lateral rotator of the hip joint, arises, in Greatér
part, from the margins of the obturator foramen on the pelvic side. trochanter
It passes downward and posterolaterally past the obturator fora-
men to and through the lesser sciatic foramen, inserting on the
medial surface of the greater trochanter of the femur. Its covering
fascia forms the tendinous arch from which levator ani arises in
part. Piriformis, a lateral rotator of the hip joint, takes a course
similar to obturator internus to arrive at the greater trochanter.

ANTERIOR VIEW
(Coronal section)

ks U

vertebra \ /4"‘ ~
y \@ Sacrum
)

/'«,,,’,

Anterior /

" superior
R: Pelvic iliac spine // DEEP

/ INTERMEDIATE
¥

\' “Arcuate "

\.BFE

/ SUPERFICIAL
~ . Greate iy S
sciatic \

L -

RIGHT PELVIC WALL
MUSCLES/LIGAMENTS L
(Interior view/female) Obturator §

- canal_
Pubic

symphysis Ischial

spine )
Fascia-covered Ischial
obturator Lesser tuberosity
foramen sciatic Urogenital

foramen diaphragm






SKELETAL MUSCULAR SYSTEM /TORSO 53

MUSCLES OF THE PERINEVMm See 52

N
CN: (1) Color gray the title “perineum” and the two related diamond-shaped areas at the top of the plate. Color /\\ e N
the elements forming the boundaries of the perineum, as seen from below, (2) Color gray the titles “urogenital }/ X 5
triangle” and “anal triangle," and their respective triangles. (3) Color the lower views simultaneously. / ; . ’ i '\

PERINEVW: (BOUNDARICS)-: A L
SYMPHVSIS PUBIS: LY
COGBEWESs BOUNDARIES
1SCHIRAL TUBEROSIT T s e
SACRETUBEROUS LIGRARIEWUS A spibe " %)
0SEHICRUVEBIC RBAMVS.: Fo

The 3-dimensional perineum is the region below the pelvic cavity situated Acetabulum
within the pelvic outlet. It is bordered by structures A-E. Its floor (inferior border) is
skin and fascia; its roof is the pelvic diaphragm. The diamond-shaped perineum
is bisected at the ischial tuberosities into the urogenital and anal triangles.

VROGSEMITAL TRIANGLE
ISCHICGCAYERNOSYUS Wor
BULEBOSPENWGEIOSUS Moo
SURE, TRANWSVERSE PERINEEL Mo+
VROGEMITAL IR EHRASGRD:

The urogrenital triangle contains the penis, scrotum, and related structures in the N y
male, and the clitoris, urethra and orifice, vagina and orifice, and related struc- Sl Ve I PR =
tures in the female. It includes: (1) the anterior recess of the ischiorectal fossa, ) g
(2) the urogenital diaphragm composed of the deep transverse perineal muscle
and sphincter urethrae, and (3) the superficial perineal space, containing the
ischiocavernosus and bulbospongiosus muscles. These muscles ensheathe

the roots of the erectile bodies of the penis/clitoris, aiding in their erection.
Bulbospongiosus also contracts rhythmically during the ejaculation of semen.
The superficial transverse perineal muscles stabilize the fibrous perineal body,
which helps anchor the perineal structures.

Pubic A Obturator ¥
tubercle <, i foramen / N
I X

UROGENITAL
TRIANGLE
(Coronal section)

Pelvic
diaphragm

Obturator
internus
muscle

¢

ANAL TRIANGLE Komoreciaorsa  Abue Anaiconal
*3 v
LEUATER W0 (o
GESTERNAL SECHINCTIER W0 (s«
AWEBEEEYEERL LIGRMEWUL
The anal triangle includes the fat-filled left and right ischiorectal fossae, the anus
and its orifice, and the external sphincter ani muscle. This muscle is secured ante-
riorly by the perineal body and posteriorly by the anococcygeal ligament.
., Spermatic
cord (cut)
Pubic
tubercle
Adductor

muscles

T
Pubococcygeus
muscle

lliococcygeus
muscle

Gluteus
maximus

FEMALE PERINEUM MALE PERINEUM
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SKELETAL MUSCULAR SYSTEM / UPPER LIMB 54
MUSCLES OF SCARPVLAR SUABILIZATION

TRARPEZRIVSA

5 CN: (1) Color the six muscles of scapular stabilization. Note that the two
@G{j@m @D@ UW@JJ@@B Q MOGD@QB' rhomboids receive the same color (B). In the two main views, color gray
&@W@?@@ @@@@@&@@C the nuchal ligament and its title. (2) Color the attachment site diagrams at

upper right. (3) In the illustrations below describing scapular movement,

@@@3@@?@@ @m?@@o@@o note that the three regions of trapezius (A) play different roles. Color gray

the scapulae, the arrows, and the movement titles.

PECTORALIS WINWE( e

Coracoid
Semispinalis Superior process 5
capitis -~ nuchal line L
7
Splenius Transverse process Y2
capitis -- of atlas

Sternocleidomastoid 7
oA

Cc7

WYECHAL
LIGAMENW T

Superior

SITES

777 Q\K’ 1]
O }./ N .E:
// ATTACHMENT \ \

Anterior &=

Coracoid Posterior ‘
view

view

Scapula is shown pulled away
from the thorax to reveal
attachment of serratus anterior
to the medial border of the scapula.

Vertebral
border
Medial

Costal
surface

8th rib ,//\3.

POSTERIOR
VIEW

The scapula lies on the posterior thorax, roughly from T2 to T8. It has Note the roles of these six muscles in scapular movement, and note how the
no direct bony attachment with the axial skeleton. Enveloped by muscle, shoulder and arm are affected. Pectoralis minor assists serratus anterior in
it glides over the fascia-covered thorax during upper limb movement protraction of the scapula such as in pushing against a wall; it also helps in
(scapulothoracic motion). Bursae have been reported between the depression of the shoulder and downward rotation of the scapula. Consider
thorax and the scapula; so has bursitis. The scapula is dynamically the power resident in serratus anterior and trapezius in pushing or swinging
moored to the axial skeleton by muscles attaching the scapula to the a bat. Note the especially broad sites of attachment of the trapezius mus-
axial skeleton. These muscles of scapular stabilization make possible cle. Trapezius commonly manifests significant tension with hard ‘eerk—
considerable scapular mobility and, therefore, shoulder/arm mobility. mental or physical. A brief massage of this muscle often brings qUick relief.

WMEVEMBNTS OF THE SCRAPVLA+

&

RETRACTICON, PROTRACTICON. GLEVATION: DPERPRESSION: VRPWARD ROV

Military posture Pushing forward with Shrugging the shoulders Straight arms on parallel Lifting or reaching
(“squaring the shoulders”) outstretched arms and hands. or protecting the head. bars, holding weight. over head.






SKELETAL MUSCULAR SYSTEM / UPPER LIMB

MUSCEES ©F MUSCULOTENBDINOVUS CUFF

CN: (1) In addition to the four muscles, color the arrows and titles describing their
actions. (2) Color the muscular attachment sites and the diagram of the function of
the cuff muscles at mid-right. (3) Do not color the problem spot numerals in the
lower illustration. They are there to identify locations discussed in the text.

SUPKARSPINVATVUS,
IWFERASPINAT VS
TERBES MO
SUBSCAPUVLARIS:

Clavicle

Trapszivs  pcromion

Deltoid
3 Greater

55

See 32

Trapezius

Acromion - Clavicle
Coracoid @ - ;
process g Deltoid Pectoralis
= i Pectoralis
Coracobrachialis major

Biceps brachii
(short head)

Greater
tubercle

Intertubercular

groove
Lesser
tubercle
Infraglenoid Triceﬁs_

tubercle b{’/iﬁg" Seraiss

‘ head) anterior
r
Humerus N

Teres
major

tubercle

Latissimus
dorsi

Pectoralis
major

Deltoid | Coracobrachialis =
A=Y
ANTERIORVIEW /) v/}\
(Scapula) b4 )
R TN
i ™t !
W Jo A

4

MEDIAL | |
BOTATION: |, <

Deltoid
tuberosity

\

Deltoid N

; < 1 = L\
Rhomboid / " ‘{’ / o Humerus :
major /_\ \', \ ‘
i RV ZN
SN T s
1 N = " Head
| N\ 7 il @ @TO res Scapula cf humerus /
POSTERIOR VIEW \ SARY [} @Dof humerus

Scapula @_
e

|

o~

\

(Scapula)

I\
R

The socket at the glenolhumeral joint (glenoid fossa) is too shallow to offer any
bony security for the head of the humerus. As ligaments would severely limit joint
movement, muscle tension must be employed to pull the humeral head in to the
shallow scapular socket during shoulder movements. Four muscles fulfill this
function: supraspinatus, infraspinatus, teres minor, and subscapularis (“SITS
muscles”). These muscles form a musculotendinous (“rotator”) cuff around the
head of the humerus, enforcing joint security. Especially effective during robust
shoulder movements, they permit the major movers of the joint to work without
risking joint dislocation.

ATTACHMENT SITES
(Posterior/lateral view)

MUSCULOTENDINOUS CUFF
(Diagrammatic/functional)

PROBLEM SPOTS IN
THE SHOULDER REGION
(Anterior view)

Acromion

Coracoacromial %
ligament y &

ol _ Coracoid

Clavicle

The SITS muscles have come to be known as the “rotator cuff” muscles, even
though one of them, supraspinatus, is an abductor of the shoulder joint and not a
rotator. Indeed, among some health care providers, supraspinatus is known as

the “rotator cuff” in the context of a “rotator cuff tear." Subacromial

Muscle tendon  PUrS22
under bursa —

B

The shoulder joint and the supraspinatus muscle/tendon are subject to early
degeneration from overuse. The problem is generally one of impingement
(chronic physical contact and friction) between the acromion (1), the coraco-
acromial ligament (2), and the distal clavicle (3) above, and the tendon of

R A R Articular
supraspinatus (4) and the subacromial bursa (5) below. Those with a down- capsule
turned acromion or a previously dislocated, offset acromioclavicular joint are -
especially vuinerable to impingement (supraspinatus tendinitis and subsequent g

tearing, subacromial bursitis, limitation of shoulder motion, and pain). All over-
head activities (such as those of professional drapery hangers, ceiling plaster-
ers, baseball pitchers) and acromial loading (hose-carrying firemen, those
carrying heavy purses by straps over the shoulder, mail delivery persons)
pursued over a long period can induce changes (bony spurring, bursal
destruction) with impingement signs and symptoms.

biceps !
brachii

by hi

BURSRE:
LIBAMEN TUx

ANTERIOR
VIEW
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SKELETAL MUSCULAR SYSTEM / UPPER LIMB

56

See 55
CDE:
MOVERS OF SHEVLDER JOINT s
views; note that the biceps and triceps
@@&?@O@A @)@@?@@@&O@ GMD@CD@@E are not shown on the lateral view.
LATISSIMYS PDERSI: TERES MAICR: MG R e
note the actions of different parts of the
CERACORRACHIALIS: BICERS BRAGHKI0F deltoid (A) and pectoralis major (B).
TRICERS BRAEHI (LONWS NEAD)-
Acromion
Clavicle Acromion
gggnpeug : ‘:‘, Short head A\
pas Long head !
I LATERAL Intertubercular \
POSTERIOR \ VIEW groove / ANTERIOR
VIEW ’,./ VIEW
i/
/ /
/l ///
Fateral Long Sternum %‘Dﬂg
ead o AT il
Spine of Medial | ! Gomimon Acrom Avigle il .
scapula head ’-‘, hi m’ triceps brachii /Cromlon !
MRS SRR -7 >
Lateral head f
of triceps b\rachii ‘v S
Deitoid j
luberosity
Long
head
Lateral
head of

A\ triceps brachii

‘ Tendon

X Olecranon
S of ulna

Crest
of ilium

Thoracolumbar
fascia

The principal movers of the freely movable shoulder
(glenohumeral) joint, shown here, work in conjunction
with the rotator cuff muscles to powerfully move the
humerus in lifting, pushing, pulling, and twisting
loads. Deftoid, characterized by a multipennate
form of construction, a broad origin, and a remark-
ably short lever arm, is a powerful mover of the
humerus in flexion, extension, and abduction. The
clavicular (upper) fibers of pectoralis major are
effective in flexing the shoulder joint; the sternal/
abdominal (lower) fibers extend the flexed joint.
Both are effective medial rotators as well.

Medial
i A/ head of
' 4 triceps brachii

b/ A
4 /Ulna

Teres major, a muscle of the posterior shoulder,
is a major medial rotator of the shoulder joint

because its tendon of insertion is on the anterior © S //

aspect of the humerus, and therefore has an N e )

excellent mechanical advantage for this movement. \a’/*'\b ;
R N

For the same reason, latissimus dorsiis also a medial
rotator of the joint in addition to being a major exten-
sor. Both heads of biceps brachii are active in
resisted flexion. Coracobrachialis is not a significant
mover in either flexion or adduction, and the long
head of triceps brachiiis not a major mover in
extension of the shoulder joint.

MOVEMENTS OF THE MVMERYUS AT THE SHOULBER JOINT

7

P —

ADDUCTION

ABDUCTION

EXTENSION

MEDIAL
ROTATION

LATERAL

FLEXION ROTATION
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SKELETAL MUSCULAR SYSTEM / UPPER LiIMB

MEVERS OF ELEBEW & BABICULNAR JIVTS

Coracoid Coracobrachialis
process / Pectoralis

minor

Supraglenoid

CN: Use the same colors for

biceps brachii (A) and triceps
brachii (E) as you did for those
muscles on Plate 56. (1) Color

57

Humerus

tubercle X
the four flexors and their ™ Infraglenoid
Greater 4 attachment sites on the draw- tubercle
tubercle / i i ]
Scapula ings to their left. Do the same \
Lesser P for the extensors on the right. Lateral
tubercle (2) Color the supinators and Higssd

217
7™\ Y\, Scapula
ot U |

Radial
tuberosity

A

Bicipital )

upper left.

l:;ang head

Triceps brachii

'l Medial head

P BLERORS..
BICERS BREGH0-
BRACHIALIS:
BRAGCHIOBADIALIS:
PROWATOR TERES

Medial epicondyle

The principal flexors of the elbow joint are
brachialis and biceps brachii, of which the former
has the best mechanical advantage. Yet it's the
bulge of a contracted biceps that gets all the
visual attention! The tendon of biceps inserts at
the tuberosity of the radius, making the muscle a
supinator of the forearm as well. With the limb

. . \ Ml P supinated, the biceps works to fulfill flexion of the
b\\ =) £ elbow and supination of the elbow. Take away the
? (4 _g /\\ supinating function (flexing the pronated elbow),
! 2

Interosseous

and the appearance of biceps is disappointing (in
most of us!). Note the additional attachment of the
bicipital aponeurosis into the deep fascia of the
common flexor group (not shown) in the forearm.
Brachioradialis is active in flexion of the elbow and
in rapid extension where it counters the centrifugal
force produced by that movement. Pronator teres

1F ligament assists in elbow flexion as well as pronation.
Styloid
process i ¥
o~
// i
/ \
A 4 Lateral

) . AN )‘ epicondyle
(5 /\ e SUPINATION 6

N/ — -
[ ; \ — | A
L) ONT A f

24

BICErRS BrRAGRI00A

)

SUPINWARTORS--

Radius

IO NATHOIRRE

pronators below. the arrows
demonstrating their actions,
and their attachment sites at

Biceps brachii is the more powerful supinator of the elbow, but
supinator is important in maintaining supination. Supinator arises
from the lateral aspect of the elbow, passing obliquely downward and
forward to a rather broad insertion on the upper lateral and anterior
surface of the radius. A bundle of fibers from the upper lateral ulna
passes behind the radius to join the lateral fibers of supinator.

EXTENSION

] Lateral
.\ epicondyle

2 GRTENSORS

TRWICERPS BRACSH0:
NGO EUST

The principal extensor of the elbow joint is the
three-headed triceps brachii with its massive
tendon of insertion. The smaller anconeus
assists in this function. Triceps is a powerful
antagonist to the elbow flexors.

Medial
epicondyle

R(\Z PRONATION
D i

tuberosity

B PRONMATORBS--

PROMATOR TERESy
PERONATER QUABKBAT VS

Pronator quadratus is the principal pronator of the elbow joint,
superior in its mechanical advantage to pronator teres. Pronat-
ing the forearm (palm down) involves medial rotation of the
radius. Since only the radius can rotate in the forearm, the
pronators clearly cross the radius on the anterior side of the
forearm, and their origin is ulnar.

ANTERIOR VIEW
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SKELETAL MUSCULAR SYSTEM / UPPER LIMB 58

MEVERS @F WRIST & MAND HOIWTS Sea 59

DEEP LAYER ?E—:@%@L@@ 3

FLER. DISITORVYM PHROFUNDUSA
FLE. POLLICIS LOMBUSs

INTERMEDIATE LAYER

FLEX: DIGITORUM SUPERFIGIALIS: %

brachii >y

CN: A more detailed view of the tendons of
these muscles (with the same subscripts)
can be seen among the intrinsic muscles
of the hand on the next plate. (1) Begin
with the flexors; note the deeper muscles
have been omitted from the superficial
view. Color gray the entire flexor mass in
the smaller illustration. (2) Continue with
the extensors, coloring gray the entire
extensor mass in the smaller illustration.

SUPERFICIAL LAYER

FLEN: CRRRPI VLWARISH

ANTERIOR
PALMARIS LENWNEVS: VIEW
FLE. CAREPI RARIALISF

Humerus

Radius

Interosseous
membrane

Supinator [

/

The flexors of the wrist (carpus) and fingers (digits) take up
most of the anterior compartment of the forearm, arising as a
group from the medial epicondyle, the upper radius and ulna,
and the intervening interosseous membrane. The deep layer of
muscles in the anterior forearm (flexor pollicis longusor FPL in
the radial half, flexor digitorum profundus or FDP in the ulnar
half) lie in contact with the radius and ulna. The superficial layer
of muscles (wrist flexors: the “carpi” muscles and palmaris
longus) is seen just under the skin and thin superficial fascia.
The intermediate layer (flexor digitorum superficialis, FDP) lies
between the superficial and deep groups. In the anterior (pal-
mar) fingers, note how the tendons of FDS, which inserton the
sides of the middle phalanges, split at the level of the proximal
~/ ) S / S AN phalanges, permitting the deeper (posterior) tendons of FDP to
WY 2 4 7/ B &5\ pass on through to the bases of the distal phalanges.

Pronator
quadratus

Humerus

INTERMEDIATE \\\\ Brachioradialis

\
) Lateral
epicondyle

DEEP LAYER @%?@ wg@@@ *2

EXTAINRICISE =
ERT. POLLIGIS LOWBUS: L
EXT. POLLIGIS BREWS: %

brachii ‘\

SUPERFICIAL LAYER

ETs CARPI ULWARIS.

BT D0GIT0 W00«

ERTo DIGITORYVM.

GV CARRPI BARIARLIS LONWBYS K
BT CARRPL BADIALIS BREVIS v

ABPUECTOR PELLICIS LONGUS o

The extensors of the wrist and fingers arise from the lateral epicondyle and
upper parts of the bones and interosseous membrane of the forearm, forming
an extensor compartment on the posterior side of the forearm. The wrist
extensors insert on the distal carpal bones or metacarpals, while the finger
extensors form an expansion of tendon over the middle and distal phalanges
to which the small intrinsic muscles of the hand insert. The wrist extensor
muscles are critical to hand function: grasp a finger of one hand with your
fingers and an extended wrist of the other; now try it with wrist fully flexed.
Note that the power of the hand exists only with an extended wrist.

Ulna

\ =
( -2

POSTERIOR
VIEW
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SKELETAL MUSCULAR SYSTEM / UPPER LIMB
MEVERS @F MANP JOINTS (INTRINSICS)

=
I@ / A\ Extensor
: A—3 { / )9.‘/’ expansion

"y
| — / 4’& // Fibrous
{ ’ / sheath

Base of
middle phalanx

| i)
A

A b
g
i

447 . Middie slip

59

See 58

CN: The extrinsic muscles that move

the wrist and finger joints were covered on
Plate 58, and their tendons are shown in
dark line and labeled here for identification
and study, but not for coloring. If possible,
use different colors on this plate. (1) Color
the muscles of the two anterior views,

as well as the flexor retinaculum (gray).
(2) Color the posterior view. (3) In the
illustration of finger abduction (at the bot-
tom) note that the little finger is not moved
by the dorsal interosseous (U).

L Proximal
4]
hl el phaian Metacarpal
Collateral A : |4 bone
slips ‘ N2 |l N u M
': \ \ N 3 %
2 y
' R /
\ v\‘\%“? i
"’de‘\_‘:o S /
A )

: o' A\ = R =4
Anatomical ; \ Y, ANE R
“snuff-box" M~T]| . : 'S (855 Carpal

N-TE L EXTENSOR gone» A FATL | b ?oo tunnei.
| RETINACULUM ; ; = —=——7.Radius

7 FLEXOR 7 : S Median

B AR RS 1 v
RETINACULUM nerve

(Transverse carpal lig.) DEEP PALMAR VIEW

--Tendon of
o b brachioradialis

POSTERIOR (DORSAL) VIEW

,]~
THEMNAR ERAIMNENEE (/ﬁ

ABPYETOR PELLICIS BREVIS.
FLEZOR POLLICIS BREVISH

Note the palpable bulge of muscle (thenar eminence) just proximal to the thumb
on your own hand. Integrated with the action of the other thumb movers, these
three muscles make possible complex movements of the thumb. The thenar
muscles arise/insert in the same general area as one another; however, their

different orientation orders different functions.

HYPOTHENAR ERINENEE: [/,
CRPENENMS DIGIT0 RADWID0» /(/
RBRPVETEOR DIGITD MAIMIMD0e * T!
CLEXCR BIGITI MuiNi0 BREVIS*

These muscles move the 5th digit; they are complementary to the thenar muscles
in attachment and function. The function of opposition is basic to some of the
complex grasping functions of the hand.

i
/i

PEERP MUSCLES -
APBDYCSTER POLLICISS
PRLMAR INTERESSEVUS:
PORSAL IWTEROSSEVSY
LOMEBRBIGELY

Adductor pollicis, in concert with the first dorsal interosseous muscle, provides
great strength in grasping an object between thumb and index finger... try it.
The interossei and lumbrical muscles insert into expanded finger extensor
tendons (extensor expansion; see posterior view) forming a complex mechanism
for flexing the metacarpophalangeal joints and extending the interphalangeal
joints. By their phalangeal insertions, the interossei abduct/adduct certain digits.

ANTERIOR (PALMAR) VIEW

ACUICWS OF
INWTRINSIC MUSCLES:

O THE THMDE-

.. ¢

OPPOSITION

CIRCUMDUCTION

W THE FINGERS .-

=~/
DDUCTION

'ABDUCTION
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SKELETAL MUSCULAR SYSTEM / UPPER LIMB

BEVIEW OF MMUSCLES

CN: Begin with the three muscles labeled with an “A" color. Color each
wherever it appears before going on to the next. Write the name of the
muscle in color on the appropriate line. If your point isn’t sharp enough,
write the name in black pencil and circle the identifying letter next to it in
color. Try to visualize the function of these superficial muscles; some of them
have more than the one function assigned to them by these categories.
(See appendix A in the back of the book for answers)

MUSCLES ACTING PRIMARILY ON THE SCAPULA
A
A1
A2

MUSCLES MOVING THE SHOULDER JOINT
B
gt
BZ
B3
B4
BS
Bé

MUSCLES MOVING ELBOW & RADIOULNAR JOINTS
C
c!
c?
c3
C4
cs

LATERAL
VIEW
Forearm
neutral

\\ l POSTERIOR
AN VIEW
\

W Forearm
‘\ pronated

Scapular |
spine I

Lateral .-
epicondyle
3
c
z : Ulna.__\\
'L D \
b A Extensor 2
‘ retinaculum
* Eﬁ Flexor
. retinaculum
F-F A ‘\ 6_5’4’- ‘ 7
>SN ¢ 7% H?
f LN
7 NN

2
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MUSCLES MOVING WRIST & HAND JOINTS

D

D1

02

DS

D4

D5

DG

D7

FOREARM MUSCLES MOVING THE THUMB
E

E1

E2

THENAR MUSCLES MOVING THE THUMB
F

F1

F2

HYPOTHENAR MUSCLES MOVING THE 5TH DIGIT
G

G1

G2

OTHER MUSCLES ACTING ON THE THUMB & FINGERS
H

H1
H2

[
\
s
antERIOR () & ANTERIOR
view o . VIEW
Forearm
supinated f\

Forearm ¢
neutral ( \\’(‘__

Medial
epicondyle

(See appendix for answers)

*Tendons of
deep flexors
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SKELETAL MUSCULAR SYSTEM / LOWER LIMB ¢

MUSCLES OF THIE GLVTEAL REEICN

CN: In the posterior and lateral views (superficial dissec-
tions), the upper fibers of the illiotibial tract (x') have been
cut away, exposing gluteus medius. (1) Color each muscle
in all views, including the directional arrows, before going
on to the next. The origin of piriformis (E) cannot be seen in
these views, but see Plate 52. Abetter view of the origin of
obturator internus (F) also can be seen on Plate 52.

3 BLUTEAL MUSCLES
GLUTEUVS MAK0MUVSA
GLUTEVS MEDRIVSSs
GLUTEVYS MIWIMUVS.

TENSOR FASCIAE LATAE.

The gluteal muscles are arranged in three layers: the
most superficial is gluteus maximus. The large sciatic
nerve runs deep to it, as every student nurse has
learned well. Its thickness varies. Gluteus maximus
extends the hip joint during running and walking up-
hill, but does not act in relaxed walking. The inter-
mediately placed, more lateral gluteus medius is

a major abductor of the hip joint and an important
stabilizer (leveler) of the pelvis when the opposite
lower limb is lifted off the ground.

& DEER LRATERBAL ROTRTORS -

PIRIFORMIIS
OBTURATEOR INTERVWVUS
OBTURATCR CGRUITERMNVS ¢
QUALRATUS FEMO@RISH
GCEMELLVS SUPERIOR:
GEMELAVS IWEERIORY

The deepest layer of gluteal muscles is the gluteus
minimus and the lateral rotators of the hip joint. They
cover up/fill the greater and lesser sciatic notches.
These muscles generally insert at the posterior
aspect of the greater trochanter of the femur. The
gluteal muscles (less gluteus maximus) correspond
to some degree with the rotator cuff of the shoulder
joint: lateral rotators posteriorly, abductor (gluteus
medius) superiorly, medial rotators (gluteus medius
and minimus, tensor fasciae latae) anteriorly.

(LICTIBIAL TEBEGST*

The iliotibial tract, a thickening of the deep fascia
(fascia lata) of the thigh, runs from ilium to tibia and
helps stabilize the knee joint laterally. The muscle
tensor fasciae latae, a frequently visible and palpable
flexor and medial rotator of the hip joint, inserts into
this fibrous band, tensing it. Despite its major flexor
function, this anterolaterally-placed muscle is consid-
ered a part of the more posterior gluteal group; it
shares its insertion into the iliotibial tract with gluteus
maximus, and it is supplied by the superior gluteal
nerve and artery.

See 52, 62, 63

POSTERIOR
VIEW

(Deep)

lliac crest

Superior gluteal
- artery

Inferior gluteal

\,C“/n{ -\ artery
’,, L "\ Sciatic nerve
i { I " Crest of
(Superficial) i) raehaer

~ Sacrotuberous ~ tuberosity
Preferred ligament

injection

of femur |

Posterior __//'"\> POSTERIOR/LATERAL
superior T
iliac spine Wy VIEW

P % 77

. % lliac crest

Anterior
LATERAL <Upariot
VIEW \ iliac spine
R "/v‘.
(Superficial) : //
D
C FLEXION
Medial view of Ischial 2= 27 v .
greater trochanter tuberosity ABDUCTION
o= —
Anterior Posterior ADDUCTION Ry
‘
Head ! r ?
EXTENSION i 2 MEDIAL
ROTATION
LATERAL

ROTATION
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SKELETAL MUSCULAR SYSTEM / LOWER LIMB 62

MUSCLES OF THE POSTERIOR THIIGH oo

HAMSTRINGS «
SEMIMEM BRAWOSVS, i

)
SEMITENDINOSYUS: b i
O@@@DQ E@ M@@O@C Tight hamstrings limit flexion of hip

when knee joint is extended.

POSTERIOR
VIEW

CN: (1) Color each
hamstring muscle in
the deep view before
going on to the
superficial. Then
color the diagrams of
flexion and extension.
(2) Color gray the
outline of the muscles
in the drawings at
upper right.

Lordotic

curve
Gluteus
medius

Gluteus
maximus

lliotibial Tight hamstrings (at right)
tract tilt pelvis backwards.
flattening lordotic curve
of lower back.

tuberosity

Gluteus
maximus

7t Long head

Sartorius
)

Popliteal
fossa

L=

o T . . ERTENSORS
@5 c(TU:U@ . \“ : ' Gastrocnemius @[;‘33 ﬁgg@
FBEE OO T bEEP SUPERFICIAL 0 JOIT

:f of fibula

GLEKORS

The hamstring muscles are equally effective at both extension of the hip joint and flexion of the knee >Q~

joint. Unlike the hip extensor gluteus maximus, the hamstrings are active during normal walking. In -

relaxed standing, both gluteus maximus and the hamstrings are inactive. In knee flexion, the ham- Gluteus K 4 Q

strings act in concertwith sartorius, gracilis, and gastrocnemius (Plates 63 and 66). Long tendons ~ M™E j.\\ |

of the hamstrings can be palpated just above the partially flexed knee on either side of the midline. @ \L,_??’;
Reduced hamstring stretch (“tight hamstrings”) limits hip flexion with the knee extended; flexion of b \:'\&l\j
the knee permits increased hip flexion. Try this on yourself. Tight hamstrings, by their ischial origin, )

pull the posterior pelvis down, lengthening the erector spinae muscles and flattening the lumbar lor- y

dosis, potentially contributing to limitation of lumbar movement and back pain. Tight hamstrings often >

cause posterior thigh pain on straight leg raise testing (subject is supine, lower limbs horizontal; one Powerful extensors

heel is lifted, progressively flexing the hip joint with knee extended). This pain from muscle stretch oHinethiplioints?

may be confused with sciatic nerve/nerve root pain, which normally shoots into the leg and foot.






SKELETAL MUSCULAR SYSTEM / LOWER LIMB

MNUSELES OF T HE MERIRL UTHIEH

CN: Color one muscle at a time in the five main views before
going to the next one. Note that the attachment sites on the
posterior surface of the femur are represented by dotted lines.

PECTINEVSA

ADDUCTOR BREVISSs
ALPUVGCTOR LEOENGUS:
RPPUCTEOR MAGWVS:
BRAGILISE

OBTVURARTER BHTERNVS:

ATTACHMENT SITES

Inter-
trochanteric
fossa
(on posterior

surface)

£
Ischium _\ ramus
Obturator
foramen
%
Linea
aspera

Adductor
hiatus
for femoral 7\ .

artery and vein |,

Adductor
tubercle
(on posterior

surface)
Knee
joint

Insertion of
sartorius,~__
semitendinosus

The medial thigh muscles consist of the hip joint
adductors (A through E) and obturator externus, a
lateral rotator of that joint. The latter was colored on
Plate 61 as one of the deep gluteal muscles, as its
tendon passes into that region. However, it is com-
partmentalized by fasciae in the medial thigh, covers
the external surface of the obturator foramen in the
deep upper medial thigh, and receives the same
innervation as the adductors. The gracilis is the long-
est of the adductor group, crosses the medial knee

ANTERIOR
VIEW

lliac crest

Anterior
superior
iliac spine

Greater
trochanter

Lesser
trochanter

| Linea
// aspera

{ Adductor
hiatus

63

Mass of adductors
occupies the
inner thighs

INTERMEDIATE

SUPERFICIAL

Psoas

‘Inguinal
JJ ligament
3 e 1
Tensor
fasciae
latae

Sartorius JJ

Vastus
lateralis™p

Rectus
femoris

Vastus
medialis

.—§

Iliotibial
tract

Pes anserinus
|

(flexing it), and inserts only on the medial tibia; its
tendon joins the tendons of sartorius and semiten-
dinosus to form an insertion shaped like a goose's
foot (hence called the pes anserinus). The adductor
magnus is the most massive of the group (see pos-
terior view). In its lower half, adductor magnus fibers
give way to the passage of the femoral vessels
(adductor hiatus). All the adductors, except gracilis,
insert on the vertical rough line (linea aspera) on the
posterior surface of the femur.
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SKELETAL MUSCULAR SYSTEM / LOWER LIMB

OSCLES CF TTHE AWTERICR TTIGH

SARTERIVS,

QUAPRICERS FEMORIS -
BEETUVUS FEMORISE
VRSTUS LATERALIS:
VASTUS IWTERMERIVS,
VASTYS ELIRLIS:

IL0EPSEAS

PATELLAR RICAMEN U«

DEEP

Anterior
superior
iliac
spine

N A
Anterior | ((

inferior |
iliac

HAMSTRING MUSCLES
QUADRICEPS FEMORIS

tuberosity

LATERAL VIEW

The sartorius (“tailor's” muscle; so-called because of the role
of this muscle in enabling a crossed-legs sitting posture) is a
flexor and lateral rotator of the hip joint and a flexor of the
knee joint, as you can infer from its illustrated attachments.
The quadriceps femoris muscle arises from four heads. The
vastus medialis and lateralis arise from the linea aspera on
the posterior aspect of the femur; the vastus intermedius
arises from the anterior femoral shaft. All four converge onto
the superior aspect (base) of the patella to form the patellar
tendon. Some tendon fibers continue over the patellar surface
to join the ligament below. At the inferior aspect (apex) of the
patella, the tendinous fibers continue to the tibial tuberosity.

CN: The patellar ligament (G*) is colored
gray but the patella is left uncolored.

(1) Begin with the deep view of the thigh
andthen complete the superficial view. (2)
On the far left, color the visualized portions
of the quadriceps that are antagonists to
the hamstring group. (3) Complete the
action diagrams along the right margin.

ANTERIOR
VIEW

SUPERFICIAL

~I- Inguinal
ligament

lliopsoas

Pectineus

JAL
Al Adductor
longus

;| Gracilis

Tendons of
S gracilis,
-,\\\ , semi-
(O "W/{ _tendinosus
1 g

NUR 2
j(é\“-\ 3\\04‘«; A

The tendon between the patella and the tibial tuberosity is
called the patellar ligament. Rectus femoris, a strong hip joint
flexor, is the only member of quadriceps to cross that joint.
Quadriceps femoris is the only knee extensor. The signifi-
cance of its role becomes crystal clear to those having
experienced a knee injury; the muscles tend to atrophy and
weaken rapidly with disuse, and "quad" exercises are essen-
tial to maintain structural stability of the joint. The iliopsoas

is the most powerful flexor of the hip, having a broad thick
muscle belly and attaching at the lesser trochanter at the
proximal end of the femoral shaft. Recall Plate 50 for its
posterior abdominal origin.
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FLEIKORS
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SKELETAL MUSCULAR SYSTEM / LOWER LIMB

MUSELES OF THE ANTERICOR & LATERAL LEG

CN: Take care with the narrow attachment sites of the anterior leg. Although the muscles
A, B, and C arise from the interosseous ligament as well as the tibia and the fibula, the
ligament has been left out of the attachments illustration for purposes of simplification.
Attachment sites on the plantar surface of the foot are shown at upper right.

The muscles of the leg are arranged into anterior-lateral, lateral, and pos-
terior compartments. The bony ridge (anterior margin) of the tibia creates
two oblique surfaces, the anterolateral of which relates to the anterior leg
muscles; the anteromedial surface is bony (ouch!) and devoid of muscle.
The lateral compartment fibular muscles largely arise from the fibula and
the interosseous ligament between the tibia and fibula.

ANTERICR LEG--
TIBIAMS AWTEERBICRA
BRTEWSCR RIGITERVM LOWGEVS:
BRTEVSCOR HALLVEIS LeWEVS:
FIBULRARIS TERTIUS:

lliotibial
tract

femoris

Biceps
femoris

Patellar
ligament

L Interosseous
v ligament

1-{ ANTERIOR
VIEW
(Right leg)

ATTACHMEN ‘\ i SUPERFICIAL
SITES |
Lateral
malleolus-
F_‘
Base
of 5th
metatarsal

Superior
extensor

Base retinaculum

of 5th
metatarsal

All of the anterior leg muscles are dorsiflexors (extensors) of the ankle; extensors
hallucis and digitorum longus are toe extensors; tibialis anterior is an invertor of
the subtalar joints as well, and fibularis tertius(the 5th tendon of extensor digi-
torum) is an evertor. Due to rotation of the lower limb during embryonic develop-
ment, these extensors are anterior to the bones in the anatomical position (unlike
the upper limb wrist extensors). Tibialis anterior is particularly helpful in lifting the
foot up during the swing phase of walking to avoid striking the toes.

65

See also 62, 63, 64

CLATERAL LES -
CIBYLARIS LoWEUS:
FIBULRARIS BREVISF

= Vastus
lateralis

Pes

Bncepvs lliotibial
femoris Si-- tract
Semimembranosus /7 Patella
Patellar
ligament

Tibial
tuberosity
1st
metatarsal
1st
cuneiform
Base
of 5th
metatarsal
Calcaneal
(Achilles)\
tendon LATERAL
VIEW
Lateral
malleolus
’ ! PLANTAR
Sgpenor\ Superior VIEW
fibular extensor (bottom)
(peroneal) retinaculum
retinaculum
i) C Inferior
querior\\l K2 extensor
fibular retinaculum
(peroneal)
retinaculum

= metatarsal D

The fibular (peroneal) muscles are principally
evertors of the foot, and are especially active
during plantar flexion, as in walking on the toes
or pushing off with the great toe. Fibularis tertius
arises in the fibular compartment but is actually
part of extensor digitorum.
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SKELETAL MUSCULAR SYSTEM / LOWER LIMB

66

WUSCLES OF THE PeSTERIOR LEG

TIBIALIS PESTERIOR.

FLEHEOR PIGITEORUWM LOMWEUS,
FLEZER NALLVEIS LENMEGUS:
POPLITEYS.

RINAUNARIISE

SOLEUS.

CRASTRHROCME MIWVS

POSTERIOR Semi- i
VIEW membranosus l !
: i by Vastus
(right leg) SGrE:ng:ISS ;:\\ | 1ateralis
artoriu {
| Biceps
' femoris
“Popliteal

H-1

Interosseous
ligament

Medial
malleolus

il__Lateral
/ malleolus

Calcaneus

Tuberosity
of the
navicular

1st

Peroneus
longus

Middle
—phalanx

phalanx

INTERMEDIATE

ATTACHMENT SITES DEEP VIEW

The muscles of the posterior leg are arranged into two compartments separated by a fascial
septum (deep transverse fascia, not shown). The superficial group (gastrocnemius, soleus,
and plantaris) inserts by way of a common tendon, tendocalcaneus (Achilles tendon; see
glossary). These fascial compartments are fairly inelastic. Muscle swelling secondary to
vascular insufficiency can result in serious muscle compression/death (compartment

syndrome) in the absence of fascial (surgical) decompression.

The major calf muscle is gastrocnemius, which flexes the knee and, with its two fellows, plan-
tarflexes the ankle joint. In knee flexion it is aided by popliteus, which also rotates the tibia
medially. The other deep flexors plantarflex the ankle joint (both toe and great toe flexors
and tibialis posterior), flex the toes (the flexors), and invert the foot (tibialis posterior).

CN: The muscles to be colored on this plate are labeled G-M; any
other ietter label found here (A-F from PIl. 65; N-Y from Pl 67) is for
identification only, and those muscles should be left uncolored. You
may repeat colors used for muscles on Plate 57 on this and/or the next
plate. (1) Color one muscle at a time in each of the posterior views.
Note that the plantaris (K), the soleus (L), and the gastrocnemius (M)
allinsert into the same tendon (tendocalcaneus), which receives the
color M. (2) Color the upper and lower medial views.

fossa

Semi-
membranosus

Rectus .,
femoris
Fibularis 3
(peroneus)
_longus

- brevis

Tendo-
caicaneus

Patellar -
ligament

Tuberosity  \y!
of tibia Y

Anterior
margin
of tibia

SUPERFICIAL

Superior
extensor
retinaculum

Interior
extensor
retinaculum
N

MEDIAL
VIEW
Medial






SKELETAL MUSCULAR SYSTEM / LOWER LIMB

67

MUSCLES CF THE FeOT (N THRINSICS)

CN: Feel free to use the colors used for the letter labels on plates 65 and 66.
Those letters are presented here for identification, and the muscles they refer
to are not meant to be colored. Also note that plantar surface attachment sites
for those extrinsic foot muscles have been omitted in the illustration of the
fourth fayer but can be found on the two preceding plates. (1) Begin with the
fourth layer and complete each illustration before going on to the next.

The dorsal intrinsic muscles of the foot (those that arise and insert
within the dorsum of the foot) are limited to two small extensors of the
toes, shown at right, most of the extensor function being derived from
extrinsic extensors.

The intrinsic muscles of the plantar region of the foot are shown here
in four layers. The plantar interossei, wedged between the metatarsal
bones, constitute the deepest (4th) layer. They adduct toes 3-5, flex
the metatarsophalangeal (MP) joints of these toes, and contribute to
extension of the interphalangeal (IP) joints of these toes through the
mechanism of the extensor expansion. The dorsal interosseiabduct
toes 3-5 and facilitate the other actions of the plantar interossei.

The third layer of muscles acts on the great toe (hallux) and 5th digit
(digiti minimi). The second layer includes the quadratus plantae,
inserting into the lateral border of the common tendon (H) of flexor
digitorum longus (FDL). It assists that muscle in flexion of the toes.

The lumbricals arise from the individual tendons of FDL and insert into the
medial aspect of the extensor expansion (dorsal aspect). They flex the
MP joints and extend the IP joints of toes 2-5 via the extensor expansion.

The superficial (first) layer consists of the abductors of the 1st and 5th
digits and the flexor digitorum brevis. The plantar muscles are covered by
the thickened deep fascia of the sole, the plantar aponeurosis, extending
from calcaneus to the fibrous sheath of the flexor tendons.

GLER. HALLYEIS
BREVIS-

A DIDU IO
CORLLVEISS

8 PLAWTAR
IWVWTEROSSEU-

& DERSEL
WTERESSEN:

FLES. LIEIT0
(O0W0D0 BEREWer

v

Distal CD

phalanx

Middle -~
phalanx &

Calcaneus —/.

\ Sustentaculum lig. Q PLANTAR
g e SURFACE
NS g e (Right foot)

FOURTH LAYER THIRD LAYER

DORSAL
SURFACE o]
(Right foot)

ERTENSER |
DIGITORUM | |

ERTEWSER
HALLVEIS |
BRHEVIS.

O >

Inferior

extensor \
retinaculum | N\ mléaHI:(;?Lle
Mﬁdi?t - \’}/
B gutperior
ABLUGTER
MALLYVCSISW
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SKELETAL MUSCULAR SYSTEM / LOWER LIMB

WIEW OF MUSGLES

CN: Follow the same procedure as you did with Plate 60. Be sure to ook for
the muscle in each of the 4 drawings before committing its name to writing. Try
to visualize each muscle’s function as you color and name it. Several muscles
(8, 83—87) cross both hip and knee joints and are effective at both joints.

MUSCLES ACTING PRIMARILY ON THE HIP JOINT

Anterior
superior

Inguinal
- ligament

A

lliotibial
tract

Patella
Patellar B Head
ligament

Head
of fibula
Shaft

C z
s C
Tendo-
calcaneus
(Achilles
tendon)

Lateral

malleolus Calcaneus

b

ANTERIOR VIEW LATERAL VIEW

68

(See appendix A in the back of the book for answers)

MUSCLES ACTING PRIMARILY ON THE ANKLE JOINTS

C

MUSCLES ACTING PRIMARILY ON BELOW THE ANKLE JOINTS

D

D!

MUSCLES ACTING ON DIGITS OF THE FOOT

E
E1
E2
A
Superior Coceyx
surface /
of pubic
bone <
LAt
A
Ischial
tuberosity
liiotibial
tract A’?
B@
B o
gt
83
anserinus
Shaft
of tibia
2
s C
G
Tendon of .-
Tendo- tibialis posterior
calcaneus “\

(0

C Lateral

\\ /!
I

Calcaneus En 2
L
L N ? =
\___/

POSTERIOR VIEW

Medial
malleolus

MEDIAL VIEW






SKELETAL MUSCULAR SYSTEM

FUNCTIONAL OVERVIEGW

EEENCO RN

BTEVSO@R:

A B DIUCITHORES

ABRIDUCHORE

BOURTOR:

SEARPUVLARS
SURBILIZER-

EBVERTEPRs

NV ERTOR:

Deltoid

Pectoralis {1/ ;

lliotibial A\
tract X

Patella
2 ‘;\\

Patellar

ligament

CN: Use light colors throughout
(especially for A and B). Deeper
muscles are not included in the large
illustrations. (1) Color all of the muscle
groups in the anterior view before
going on to the posterior view at right.
Only the muscles on one side of the
figure have been labeled. As you
color the muscle, also color its
opposite. (2) Color the small
diagram below.

Clavicle

Sternum

~ Linea
alba
I Umbilicus

lliac

NN
/ \\m Inguinal
\

LINE OF..
GRAVITY

Erector spinae
and deeper muscles

CENTEROF |
GRAVITY -

Gluteus
medius

Gluteus
maximus

Hamstring

muscles

Gaslrocnemius —
angd soleus
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Upon coloring these functional groups, note the spatial relationship of
adductors to abductors and evertors to invertors. Take particular note of
the extensors and flexors. Recall that extension of weightbearing joints
is an anti-gravity function, and extensor muscles of these joints tend to
keep the standing body vertically straight. Note the line of gravity and
its relationship to the vertebral, hip, knee, and ankle joints. The center of
gravity of an average human being standing with perfect posture is just
anterior to the motion segment of S1-S2. Flexion of the neck and torso
moves the center of gravity forward, loading the posterior cervical,
thoracic, and lumbar paraspinal (extensor) muscles. The actors moving
the vertebral, hip, knee, and ankle joints make possible erect standing
and walking/running posture.

Popliteal
fossa

Longus
colli

Rectus
abdominis

Quadficeps
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NERVOUS SYSTEM

CRGANIZATION

CN: Use very light colors for A and C. The numbers in
parentheses following the titles under Spinal Nerves refer
to the number of nerves in each of the regions listed. (1) In
the central illustration, the spinalcord has been brought
out of the vertebral column to show its regions in relation
to the vertebrae. Spinal nerves, depicting regional limits,
are shown with arrowheads pointing to the same spinal
nerves emerging from the vertebral column. Avoid color-
ing the filum terminale—it is not a spinal nerve. (2) At
upper right, color the cranial nerves. (3) At lower right,
color over the lines representing the spinal nerves and
their branches on the left side of the figure. Color the auto-
nomic ganglia on the right side of the spinal cord.

CENTRAL
NERVOUS SYSTEM CHS)-

BRANW --
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CEREBELLVM
SEINEE CORDB»
BEEIEWS -
GCERYoe TTHORM LUMor SEGes BOk

The nervous system consists of neurons arranged into a highly inte-
grated central part (central nervous system, or CNS) and bundles of
neuronal processes (nerves) and islands of neurons (ganglia) largely
outside the CNS making up the peripheral part (peripheral nervous
system, or PNS). These neurons are supported by neuroglial cells and
a rich blood supply. Neurons of the CNS are interconnected to form
centers (nuclei; gray matter) and axon bundles (tracts; white matter).
The brain is the center of sensory awareness and movement, emo-
tions, rational thought and behavior, foresight and planning, memory,
speech, and language and interpretation of language.

The spinal cord, an extension of the brain and part of the CNS, begins
at the foramen magnum of the skull, traffics in ascending/descending
impulses, and is a center for spinal reflexes, source of motor com-
mands for muscles below the head, and receiver of sensory input

below the head. T12

L1
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CRANIAL NERVES (02 PAIR)
SPINAL WERVES & BRANCHES
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The PNS consists largely of bundles of sensory and motor axons
(nerves) radiating from the brain (cranial nerves) and spinal cord (spi-
nal nerves) segmentally and bilaterally and reaching to all parts of the
body (visceral and somatic) through a classic pattern of distribution.
Branches of spinal nerves are often called peripheral nerves. Nerves
conduct all sensations from the body to the brain and spinal cord; they
conduct motor commands to all the skeletal muscles of the body. The
autonomic nervous system (ANS) is a subset of ganglia and nerves in
the PNS dedicated to visceral movement and glandular secretion and
to the conduction of visceral sensations to the spinal cord and brain.
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VIEW
OF BRAIN

70

See 15

VENTRAL VIEW
OF CRANIAL NERVES

Cervical
enlargement

B

g REGIONS
H G 2 % OF
>
P20 SPINAL
VAN N CORD (CNS)
CENTRAL
— 0 4_;\%“\ /D@ NERVOUS
/) SYSTEM
v Z Parasympathetic
3 gangiion
s
" M
~ )
-4 D —m
(PNS)
SPINAL NERVES AUTONOMIC
& BF'IANCHES SYSTEM
N
N\
Sympathetic |
chain of \
ganglia5 |
> /!
Pl L =/
Hl = & /
/]?/// &Y Prevertebral |
> sympathetic |
Kz, ) i {
:///] Y E/ D) / Lumbar. | ganglia \
Y 77 -\-;xf“ enlargement Cauda ‘ L(g/\ t Y
Z/’ gy// X~ J/ _Conus oy i \0 I
?/\f, = medullaris / /
/ /1 AT, Cord \
il ends )@3 ‘
here . i
K! =My
Parasympathetic
ganglia
AP
-l ) )
External [ /
Z / filum ;
TG A terminale /
R ., . J
</ /
b /
S5 ;j'
i< 7 {
Coccygeal
o« nerve - ‘.\
\

VERTEBRAL COLUMN
AND SPINAL NERVES







NERVOUS SYSTEM

71
PUNGTIONAL CLASSIFIGATIEN OF NEVROMS &2 e

CN: Use light colors throughout the plate.
Do not color the summary diagram at the top of
the page until completing the rest of the plate.

Neurons generally function in one of three modes: They conduct impulses
from receptors in the body to the central nervous system or CNS (sensory /Y?\
or afferent neurons); they conduct motor command impulses from the e -
CNS to muscles of the body (motor or efferent neurons); or they form a
network of interconnecting neurons in the CNS between motor and sensory
neurons (interneurons). If the sensory or motor neurons relate to musculo-
skeletal structures or the skin and fascia, the prefix “somatic” may be applied
(somatic afferent/somatic efferent). If these neurons are related to organs with
hollow cavities (viscera), the prefix "visceral" may be applied (visceral

afferent/visceral efferent).
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Sensory neurons conduct impulses from sensory receptors to synapses

in the CNS. The receptors may be sensitive to touch, pressure, pain, joint
position, muscle tension, chemical concentration, light, or other mechanical
stimulus, basically providing information on the external or internal environ-
ment and related changes. Sensory neurons are unipolar neurons, with certain
exceptions (bipolar neurons), and are characterized by peripheral processes
("axons”), cell bodies, and central processes ("axons").

Skeletal
muscle
B* (effector)

=>

Motor neurons conduct impulses from cell bodies located in the CNS through
axons that leave the CNS and subsequently divide into branches, each of
which becomes incorporated into the cell membrane of a muscle cell (motor
end plate). Here the neuron releases its neurotransmitter, which induces the
muscle cell to shorten.
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Autonomic motor neurons function as paired units connected at a ganglion
by a synapse. The first or preganglionic neuron arises in the CNS, and its axon
embarks for a ganglion focated some distance from the CNS. There it syn-
apses with the cell body or dendrite of a postganglionic neuron whose axon
proceeds to the effector organ: smooth muscle, cardiac muscle, or glands.

— =
—c =

Interneurons are found mostly in the CNS. They make up the bulk of the neu-
rons of the brain and spinal cord. They come in a variety of shapes and sizes.
Many of them are directly related to incoming (sensory) impulses and others to
outgoing motor commands. Others serve to integrate sensory or ascending
input with higher centers to effect an appropriate motor output.
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SYNRAPSES & WEURCTRAVSHITTEBRS o 15,85

CN: Use light colors for A, B, and C. (1) In the upper drawing, each of the
synapses shown has two parts. Color only the ones labeled with subscripts

(A, B. C). Color the nerve impulse title (D, at the top) and the related directional
arrows. (2) Color the numbered steps in the lower drawing. Note the change of
color in the presynaptic membrane between exocytosis (H) and endocytosis (K).

BRSIC TYRPES OF SYWARSES..
X OIRANOICH
X ORSOMATHICH
IRXCNDENDRITIEE

Connections between and among neurons are called synapses.

The great majority are non-contact connections in which chemical
neurotransmitters carry the impulse from one neuron to another. Elec-
trical synapses (where electrically charged atoms or ions pass from
one neuron to another by way of protein channels; not shown) also
exist in the brain and embryonic nervous tissue but are far less com-
mon. Most synapses are axodendritic: that is, the axon of one neuron
synapses with the dendrite or dendritic spine of another neuron. The
neuron in front of the synapse is said to be presynaptic. The second
neuron is said to be postsynaptic. Another common synapse is
axosomatic, where the axon of one neuron and the cell body (soma)
of another neuron communicate by way of neurotransmitters. Other,
more infrequently seen synapses are illustrated here as well. For
example, note the complex of synapses (a glomerulus) between three
axons and a dendritic spine, all surrounded by a neuroglial sheath.

Synapses permit the conduction of electrochemical impulses among
myriad neurons almost instantly. Synapses vary from simple reflex
arcs (see Plate 85) to polysynaptic pathways in the brain and spinal
cord that involve millions of synapses. A single motor neuron of the
spinal cord may have as many as 10,000 synapses on its body and
dendrites! Multiple synapses greatly increase the available options
of nervous activity. The ability to integrate, coordinate, associate, and
modify sensory input and memory to achieve a desired motor com-
mand is directly related to the number of synapses in the pathway.
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Here we show a typical axodendritic synapse. (1) The presynaptic Nerve impulse b
axon transmits the electrochemical impulse toward the synapse. As allows calcium to

the impulse reaches the axon terminal, calcium ion (Ca*™*) channels/ enter axon terminal

gates are opened in the cell membrane, and extracellular Ca** pours
into the axon terminal. (2) Synaptic vesicles, loaded with neurotrans-
mitter (e.g., acetylcholine, norepinephrine), influenced by the incom-
ing Ca**, migrate toward the presynaptic membrane and fuse with it
(3). Following fusion, neurotransmitter is spilled from the vesicles into
the tiny synaptic cleft (exocytosis). Neurotransmitter molecules bind
to receptor proteins on the postsynaptic membrane of the dendrite;
ion channels are opened, and the altered membrane potential
(impulse) is propagated along the dendrite (4). Inactivated neuro-
transmitter fragments are taken up by the presynaptic membrane (5;
endocytosis), enclosed in a synaptic vesicle, and resynthesized (6).

The electrical activity of the postsynaptic membrane may be facili-
tated or inhibited by the neurotransmitter. If sufficiently excited by Dendrite
multiple facilitory synapses, the postsynaptic neuron will depolarize J
and transmit an impulse to the next neuron or effector (muscle cell, - .
gland cell). Sufficiently depressed by mulitiple inhibitory synapses, ‘ELECTROCHEMICAL TRANSMISSION
the neuron will not depolarize and will not transmit an impulse. AT THE SYNAPSE
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The paired cerebral hemispheres (cerebrum), derivatives of the embry-
onic telencephalon (see Plate 169), consist of four major elements: (1)
an outer cerebral cortex of gray matter, the topography of which reveals
fissures (deep grooves), gyri (hills), and sulci (furrows); (2) underlying
white matter consisting of numerous tracts destined for or leaving the
cortex and oriented along three general directions (Plate 74); (3) dis-
crete masses of gray matter at the base of the cerebrum (basal nuclei)
that subserve motor areas of the cortex (Plate 74); (4) paired cavities
called lateral ventricles (Plate 80). The cerebral cortex is the most
highly evolved area of the brain. About 2-4 mm (roughly 1/6 inch) thick,
the cortex is divided into lobes distinctly bordered by sulci; the lobes
are generally related to the cranial bones that cover them: frontal, pari-
etal, temporal, occipital. The exception is the limbic lobe (part of which
is shown); it incorporates parts of other (frontal, temporal, parietal)
lobes.

Cortical mapping experiments (based on electrical stimulation and
clinical/pathologic data) have been the principal methods by which
functions of the cortex have been discovered. All parts of the cortex
are concerned with storage of experience (memory), exchange of
impulses with other cortical areas (association), and the two-way
transmission of impulses with subcortical areas (afferent/efferent
projections).

The frontal lobe is concerned with intellectual functions such as rea-
soning and abstract thinking, aggression, sexual behavior, olfaction
(smell), articulation of meaningful sound (speech), and voluntary move-

HEMISPHERE

Parietooccipital
sulcus

POSTERIOR

Broca's area
of speech
(Left hemisphere only)

ment (precentral gyrus). The central sulcus separates the frontal lobe
from the parietal lobe. The parietal lobeis concerned with body sen-
sory awareness, including taste (postcentral gyrus), the use of sym-
bols for communication (language), abstract reasoning (e.g.,
mathematics), and body imaging. The temporal lobe is partly limbic
and here is concerned with the formation of emotions (love, anger,
aggression, compulsion, sexual behavior); the non-limbic portion

of the temporal lobe is concerned with interpretation of language and
awareness and discrimination of sound (hearing; auditory area); it
constitutes a major memory processing area. The occipital lobe is
concerned with receiving, interpreting, and discriminating visual stim-
uli from the optic tract and associating those visual impulses with
other cortical areas (e.g., memory).

The limbic lobe or system is the oldest part of the cortex, in evolution-
ary terms. It is the center of emotional behavior. The limbic neurons
occupy parts of the inferior and medial cortices of each hemisphere,
and some subcortical areas as well. Certain limbic areas are closely
related topographically to the olfactory tracts.

The cerebral hemispheres appear structurally as mirror images of one
another; functionally they are not. The speech area develops fully only
on one side, usually the left. In general, the left hemisphere tends to
deal with certain higher functions (mathematical, analytical, verbal)
while the right concentrates on visual, spatial, and musical orienta-
tions. The matter of cerebral "dominance” (left hemisphere, left
speech center, righthandedness, or vice versa) is quite controversial.

See 70

Language
area






CENTRAL NERVOUS SYSTEM

TRAGTS/WYGLE) OF CEREBRAG HNEMISPHNERHES

CN: Use very light colors for F and G. (1) Color gray the various
sections of cerebral cortex without coloring the cortical surfaces.
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Below the cerebral cortex, the cerebral hemispheres embody
centrally placed cavities, masses of gray matter at the base of
the cerebrum, and bundles of white matter. These structures can
be colored in the coronal section at upper right cerebrum (1).

The basal nuclei are discrete, bilateral islands of gray matter
on either side of and above the diencephalon (Plate75). They
consist primarily of the tail-shaped caudate nucleus and the
lens-shaped lenticular nucleus (2). These structures can be
colored in illustrations 1, 2, 3, and 4. The lenticular nucleus is
further divided into the medial globus pallidus and the more
lateral putamen (1). Each of these nuclei is part of the extra-
pyramidal system (Plate 79). They have extensive connections
among themselves, with the cerebral cortex, and with nuclei of
the diencephalon. They are concerned with the maintenance of
muscle tone and the programming of subconscious, sequential
postural adjustments. They monitor and mediate descending
motor commands from the cerebral cortex.

The subcortical white matter of the hemispheres is arranged into
bundles or bands (tracts) of largely myelinated axons essentially
arranged in three axes (5). They conduct impulses among vari-
ous areas of the cortex. The largest commissure is the corpus-
callosum, forming a roof over the subcortical nuclei (1). It is bent
caudally at both anterior and posterior ends (genu and splenium)
(4, 8). Association tracts connect anterior and posterior cerebral
cortices (5). They exist as both short and long tracts (6).

The most spectacular tract is the fan-shaped array of fibers
called the corona radiata (5, 7). This projection system radiates
caudally from all areas of the cortex. It narrows into a curved
band (internal capsule; 1, 2, 3, 4) as it descends between the
caudate nucleus and the thalamus medially, and the putamen
laterally. The term "internal capsule” refers to the inner wall of the
figurative encapsulation of the basal nuclei (1, note external
capsule). The axons of the projection tract continue through the
diencephalon into the brain stem and spinal cord; many make
connections en route (Plates 78, 79).
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CENTRAL NERVOUS SYSTEM
DIENGERHALOMN

CN: Use light colors for A and B, and a very bright color for C. (1)
Color each structure wherever it appears before going on to the next
title. (2) Although not colored, the neighboring relations of the dien-
cephalic structures are important and have been identified by name.
These should be given special attention.

DIEVICE RO
THAL AMUSA
HYPOTHALAMYS

ERPITHRALRMUS
CPIVEAL GLAND):

THIRD YVENTERIGCLED

The diencephalon, the smaller of two derivatives of the early
forebrain, fits between but is not part of the surrounding cere-
bral hemispheres (see drawings 2 and 3). It consists largely
of paired masses of nuclei and related tracts of white matter
arranged around the thin, purse-like third (lIl) ventricle (2 and
3). The nature of this cavity can be seen in Plate 80.

On each side of the third ventricle, note the thalamus, subthala-
mus, and hypothalamus (2 and 3). The epithalamus or pineal
gland is a midline structure seeming to hang off the posterior
thalamus. The relationship of these nuclei to the basal nuclei
and internal capsule should be carefully studied while coloring
to ensure orientation (recall Plate 74).

The thalamus (1-4) consists of several groups of cell bodies
and processes that, in part, process all incoming impulses from
sensory pathways (except olfactory). It has broad connections
with the motor, general sensory, visual, auditory, and associa-
tion cortices. Not surprisingly, the corticothalamic (cortex to
thalamus) fibers contribute significantly to the corona radiata.
Still other thalamic nuclei connect to the hypothalamus and
other brainstem nuclei. Thalamic activity (1) integrates sensory
experiences resulting in appropriate motor responses, (2) inte-
grates specific sensory input with emotional (motor) responses
(e.g., a baby crying in response to hunger), and (3) regulates
and maintains the conscious state (awareness), subject to
facilitating/inhibiting influences from the cortex. Subthalamic
nuclei (3) are concerned with motor activity and have connec-
tions with the basal ganglia.

The hypothalamus (1, 3, and 4) consists of nuclear masses and
associated tracts on either side of the lower third ventricle. The
hypothalamus maintains neuronal connections with the frontal
and temporal cortices, thalamus, neurohypophysis, and brain-
stem. Its neurosecretions (hormones) are also directed to the
adenohypophysis via the hypophyseal portal system. In addi-
tion, the hypothalamus is concerned with emotional behavior,
regulation of the autonomic (visceral) nervous system and
related integration of visceral (autonomic) reflexes with emo-
tional reactions, and activation of the drive to eat (hunger) and
the subsequent feeling of satisfaction (satiety) following fulfill-
ment of that drive. Finally, it mediates descending impulses
related to both reflexive and skilled movement—all of this in

an area the size of four peas!

The epithalamus (pineal gland) (1) consists primarily of the
pineal body and related nuclei and tracts that have connections
with the thalamus, hypothalamus, basal nuclei, and the medial
temporal cortex. It produces melatonin (a pigment-enhancing
hormone), the synthesis of which is related to diurnal cycles or
rhythms (body activity in day or sunlight as opposed to dark

or nocturnal periods). It may influence the onset of puberty
through inhibition of testicular/ovarian function. Remarkably,
the pineal is the only unpaired structure in the brain.

75
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CENTRAL NERVOUS SYSTEM

BRAIN STEMW,/ CEREEBELLYM

CN: Use darker colors for C, E, and M and the lightest for K. (1) As you color

each structure in as many views as it is shown, take particular note of the

orientation of the view. (2) Note that the fourth ventricle is located in both parts of /, 
the hindbrain and receives the same color in both parts. The diencephalon has
been presented on the previous plate and is shown here only for orientation.
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The brain stem includes the diencephalon, midbrain, pons, and medulia oblon-
gata. Throughout the brain stem, the brain cavity (Plates 80, 82) takes on different
shapes, a reflection of the kind of differential growth the brain underwent during
development (Plate 169). The cerebellum is attached to the brain stem (by pedun-
cles) but is not considered a part of the brain stem. See Plate 75 for information on
the diencephalon.

In the midbrain, the cerebral peduncles are composed of long descending tracts
that originate in the cerebral cortex, descend through the internal capsule (recall
Plate 74), and continue caudally to the pons and medulla (for cranial nerves) and
the spinal cord (for spinal nerves). Immediately posterior to these tracts in the mid-
brainis the tegmentum. an area of neurons associated with the reticular formation
and cranial nerves Il and IV, and multiple tracts. The superior cerebellar pedun-
cles transmit fibers to the cerebellum from the spinal cord, and fibers to the thala-
mus and medulla from the cerebellum. The superior colliculi are centers for visual
reflexes; the inferior colliculi make possible auditory reflexes (e.g., rapid, involun-
tary movements in response to visual and auditory stimuli).

The pons is characterized by its massive anterior bulge consisting of stalks of
white matter that bridge the 4th ventricle (pons = bridge) to reach the cerebellum
as the middle cerebellar peduncles. These fibers largely arise from neurons in the
pons—neurons that convey impulses from both motor and sensory areas of the
cerebral cortex. Cranial nerve nuclei V, VI, VII, and Vilt are located here. Both
ascending and descending tracts pass through here, including the neurons of
the reticular formation.

The medulla contains life-sustaining control centers of respiration, heart rate, and
vasomotor function. Nuclei for cranial nerves VIII, IX, X, XI, and XlI exist here. The
inferior cerebellar peduncles carry fibers to the cerebellum from the spinal cord
and brain stem vestibular and reticular systems, as well as fibers from the cerebel-
lum to the vestibular system.
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The cerebellum consists of two hemispheres, with a cortex of gray matter on

its surface (cerebellar cortex), central masses of motor-related (deep cerebellar)
nuclei, and bands of white matter forming a treelike appearance (arbor vitae =
tree of life) when the cerebellum is cut in section. The cerebellum is attached to
the brain stem by the three cerebellar peduncles. The cerebellum is concerned
with equilibrium and position sense, fine movement, control of muscle tone, and
overall coordination of muscular activity in response to proprioceptive input and
descending traffic from higher centers.
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CENTRAL NERVOUS SYSTEM

SPINAL CERD

CN: Use bright colors for A-C (except where indicated by asterisk (%) or
no-color symbol (--). Use gray for D, medium dark colors for E-I, and
light colors for K-M. (1) In the upper drawing, color B* gray over the nerve
roots within the dura mater and outside the spinal cord. (2) Color the cord
sections taken at various levels. (3) Color the meninges of the spinal cord.
What is not shown (due to space limitations) is the presence of the arach-
noid and subarachnoid space (and cerebrospinal fluid) around the nerve
roots. (4) Do not color the structures within the subarachnoid space or
the central canal in the drawing at the bottom of the plate.
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The spinal cord is the lower extension of the central nervous sys-
tem. It takes off from the medulla oblongata at the foramen magnum
of the skull and ends as the conus medullaris at the vertebral level
of L1 or L2. It bulges slightly in the lower cervical and lumbar seg-
ments where it gives off the roots of spinal nerves destined for the
upper and lower limbs, respectively. The cord is ensheathed by
three coverings (meninges): the thin, vascular pia mater closely
applied to the spinal cord, the transiucent arachnoid separated
from the pia by the subarachnoid space, and the tough, fibrous
dura materthat is a prolongation of the dura surrounding the brain.

The pia forms triangular sheets that project away from the cord
between the pairs of nerve roots. These sheets extend to the dura
and are called denticulate ligaments. The pia extends below the
conus medullaris as the thin cord-like filum terminale internum, end-
ing at the dural sac at the vertebral level of S2. The subarachnoid
space is filled with cerebrospinal fluid (CSF); the space ends inferi-
orly as the dural sac; its CSF-containing cavity is the lumbar cistern.
Outside the dura is the epidural space, containing fat and veins.
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The spinal cord consists of a central mass of gray matter arranged
into the form of an H and a peripheral array of white matter (funiculi)
consisting of descending and ascending tracts. The amount of
white matter decreases as the cord progresses distally, seen
especially well in the sacro-coccygeal region. The gray posterior
horns (actually columns when seen in three dimensions) receive the
central processes of sensory neurons (recall Plate 71) and direct
incoming impulses to the adjacent white matter for conduction to
other cord levels or higher centers. The anterior horns include lower
motor neurons that represent the "final common pathway" for motor
commands to muscle. Lateral horns exist only in the thoracic and
upper lumbar cord and include autonomic motor neurons supplying
smooth muscle (in vessels and viscera) and glands. It is in the gray
matter that spinal reflexes occur in conjunction with facilitory and
inhibitory influences from higher centers.
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CENTRAL NERVOUS SYSTEM 78
Central

ASCENDING TRACTS See 71

CN: Use bright colors for A-C and a light color for F. (1) Color the pain/temperature path- 7
way, which is shown on one side only for visual simplicity. Note that the sensory cortex and P'Zi?ﬂé’iéip( ‘
the thalamus are to be colored gray. (2) In the muscle stretch/position sense pathways, (Motor) {

note there are two different cerebellar peduncles, each receiving a different color.

Ascending pathways consist of linearly arranged neurons, the axons of which travel in a common
bundle (tract) conducting impulses toward the thalamus, cerebral cortex, or cerebellum. In the
examples shown here, each of the pathways begins with a sensory neuron. These sensory path-
ways permit body surface sensations and muscle/tendon stretch information (below the head) to
reach brain stem and cerebellar centers for response and cortical centers for awareness.
POSTCENTRAL
GYRUS

CORONA
RADIATA

PAIN/ TEMPERATYRE
SENSORYY MNEUROWA
LET: SPINOTHALAMIC TTRBACT A
THRLAMUS
THALAMOGCERTICRL TRAGCT
SEVSORY CORTEN+>

Pain and temperature receptors on the body surface and elsewhere below the head
generate impulses that travel to the spinal cord by axons of sensory neurons (1st-order
neuron). The central process (“axon”) of each sensory neuron enters the posterior horn
and synapses with the 2nd-order neuron whose axon crosses (decussates) to the con-
tralateral side, enters the lateral funiculus, and ascends as part of the /ateral spinothalamic
tract. This neuron ascends to the thalamus, where it synapses with relay (3rd-order) neu-
rons, the axons of which traverse the internal capsule and corona radiata (thalamocortical
tract) to reach the postcentral gyrus of the cerebral cortex (“sensory cortex").
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Touch and pressure receptors below the head generate electrochemical impulses that Touch/
travel to the spinal cord through sensory neuronsthat enter the posterior horn and join/ ‘?Lféf.“sf s

ascend the posterior funiculus (posterior columns) to the medulla. Here they synapse
with 2nd-order neurons in the nuclei cuneatus and gracilis. The axons of these neurons
sweep to the opposite side (as internal arcuate fibers) to form an ascending bundle
(medial lemniscus) in the brain stem that terminates in the thalamus. There these axons
synapse with 3rd-order relay neurons whose axons reach the postcentral gyrus of the
cerebral cortex via the thalamocortical tract.
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Pain/
i temperature
impuise

Stretched
. triceps brachii

(Schematic)
CEREBELLAR CORTIELSF R Stetcn
Impulses from muscle spindles and other proprioceptors (receptors responsive to ¢! 8
muscle stretch/loads) are conducted by sensory neuronsto the spinal cord. Single Global o)
receptor input is conducted by 2nd-order neurons that ascend the ipsilateral lateral CQJ’ ROSIION
funiculus (posterior spinocerebellar tract) and enter the cerebellum via the inferior Posterior

cerebellar peduncle. More global proprioceptive input ascends the contralateral ,Jﬁ}i&’.ﬂ;s

\ _sense A
impulse " F
anterior spinocerebellar tract and enters the cerebellum via the superior cerebellar c? . {
peduncle. By these and similar pathways that function in the absence of awareness, \ T
the cerebellum maintains an ongoing assessment of body position, muscle tension, L uﬁfﬂﬁjs }
muscle overuse, and movement. In turn, it mediates descending impulses from cortical
and subcortical centers destined for motor neurons. s






CENTRAL NERVOUS SYSTEM

DESCEWDING TRAGUS

CN: Use light colors for H, I, and K. (1) Color the pyramidal tract in the
sagittal view. (2) Color the pyramidal tract in the schematic coronal
section at upper right, including the percentage figures. (3) Color the
extra-pyramidal system.

PYRAMIDAL TRAGCT: RELATED AREAS -

WOTER CORTE ¥
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The principal neural pathway for voluntary movement is the
corticospinal tract. Its neuronal cell bodies are in the pre-
central gyrus of each frontal lobe (motor cortex). The axons
of these neurons descend—without synapse—through the
corona radiata, internal capsule, cerebral peduncles, pons,
and medulla into the spinal cord. Pathways are often named
according to their origin and their termination, and in that
order; hence, cortico- (referring to cortex) spinal (referring
to the spinal cord). The corticospinal tracts form bulges,
called pyramids, on the anterior surface of the medulla,
hence the name “pyramidal tract.” Eighty percent of these
tracts cross (decussate) to the contralateral side in the
medulla (decussation of the pyramids); 20% do not. In the
spinal cord, many corticospinal fibers terminate on inter-
neurons (recall Plate 7 1) at the base of the posterior horn
(not shown); the majority end by synapsing with anterior
horn motor neurons. Corticospinal input to the lower motor
(anterior horn) neurons, however, is only one input for
desired skeletal muscle function.
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Each lower motor neuron receives axons from multiple
descending tracts, many of which conduct impulses related
to body position, memory, and a host of other commands
necessary for any given movement at any given time. These
collective inputs from the cerebral cortex, basal nuclei,
cerebellum, and elsewhere arrive at the appropriate lower
motor neurons by a number of descending pathways, none
of which pass through the medullary pyramids (hence,
extrapyramidal system or tracts). Two major extrapyramidal
tracts are shown here: the reticulospinal tractfrom the brain
stem reticular nuclei and the vestibulospinal tractfrom the
vestibular nuclei in the brain stem. Other tracts include the
rubrospinal and tectospinal tracts (not shown, but see glos-
sary). The synaptic connections of these axons with each
lower motor neuron (often by way of interneurons) are in the
thousands. Depending on the neurotransmitter produced
by the presynaptic neuron, the synapse may facilitate or
inhibit production of an excitatory impulse from the lower
motor neuron. Discharge of the lower motor neuron, or lack
of it, is dependent on the sum of the facilitory and inhibitory
impulses impinging on it at any moment. Once generated,
the electrochemical impulse moving down the axon of the
lower motor neuron reaches the effector without further
mediation. Thus, the anterior horn motor neuron is truly

the final common pathway for the ultimate expression of

all nervous activity: muscular contraction.
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See 16, 45
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CENTRAL NERVOUS SYSTEM: CAVITIES AND COVERINGS 80

See74,75,76, 169

VERHTRICLES @F THE BRAINY

CN: Use a light color for A. (1) Color the drawings of ventricular development; note that the neu-
ral cavity in the “8 weeks” drawing corresponds to the color patternin the lower illustrations. (2)

Color the lateral and superior views of the fully developed ventricles. (3) Color the coronal and
modified sagittal sections revealing the relationship of the ventricles to surrounding structure.
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The central nervous system develops from a hollow
neural tube near the dorsal surface of the embryo
(Plate 169). The neural cavity undergoes extraordi-
nary revision in association with development of the
brain regions. The shape of the cavity in each brain
region reflects the local changes and mechanical
pressures imposed by the developing brain. The
ventricles may be identified by name, roman numer-
als, or arabic numerals.

The cavity of the developing forebrain expands into
the lateral (first and second) ventricles with the out-
pocketings of the growing cerebral hemispheres.
Each projection of the lateral ventricles reflects the
direction of growth of that part of the cerebrum. The
lateral ventricles retain connections to the neural
cavity of the diencephalon by means of the bilateral
tubular interventricular foramina.

The neural tube of the diencephalon is compressed
by the developing bilateral thalami into a thin third
ventricle. The front of the third ventricle is drawn out
anteriorly and caudally into an infundibular recess in
the region of the hypothalamus. The tubular infundi-
bulum projects into the hypophysis (Plate 152). Poste-
riorly, the third ventricle projects a small recess into
the pineal gland.

The neural cavity of the mesencephalon or midbrain
undergoes relatively little distortion during develop-
ment, retaining its tubular shape as the cerebral
aqueduct.

The neural cavity of the metencephalon or hindbrain
undergoes lateral and posterior expansion as a con-
sequence of the developing cerebellum, forming the
diamond-shaped 4th ventricle. The thin roof of these
two lateral recesses develops breaks (called aper-
tures) that permit the passage of cerebrospinal fluid
(CSF) from the 4th ventricle into the subarachnoid
space. Another, more median, aperture, near the
beginning of the spinal canal, permits passage of
CSF into the subarachnoid space.

The 4th ventricle narrows caudally to become the
central canal of the spinal cord. This canal is narrow
and is often occluded.

In the medial walls of the lateral ventricles and the roof
of the 3rd and 4th ventricles, the pia mater comes in
contact with the single layer of neuroglia-derived cells
that line the ventricles (ependymal cells) to form a
delicate, highly vascular tissue called the choroid
plexus, which secretes CSF into the ventricles.
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CNEWINIGESS]

CN: Use very light colors for A-D. (1) Begin with

the dura mater of the brain (A) and spinal cord (A2).
(2) Color the meninges of the brain in the enlargement
of the coronal section (meniniges are not present in the
smaller drawing). In the same enlargement, color the
superior sagittal sinus gray (3) Color the infoldings of
the dura mater (B-D). These coverings have been
thickened and separated from each other for coloring
purposes. Color over the darkened sinuses located
within the falx cerebri (C). Much of the left half of the
overlying inner dura layer (B) has been cut away to
reveal inner structures. Visualize how the right and left
cerebral hemispheres would fit within these coverings.
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The brain and spinal cord are enveloped in fibrous coverings
called meninges. The meninges of the spinal cord, which were
presented in Plate 77, are the inferior extent of the cranial mem-
branes presented here.

The outermost covering of the brain and spinal cord is the dura
mater. It has two layers: the outer periosteal layer lining the inter-
nal surface of the cranium and vertebral canal (endosteum), and
the inner or meningeal layer, split off from the endosteum, enclos-
ing the entire brain (cranial dura mater) and spinal cord (spinal
dura mater). Three partitions form from the cranial dura. The falx
cerebri (1) is formed from the joining of two layers of dura. Superi-
orly, the two layers arise from the cranial roof and enclose the
superior sagittal sinus. Inferiorly, the falx is formed from the dura
on the floor of the anterior cranial fossae and posteriorly from the
two sides of the “tent-like" tentorium cerebelli. The falx descends
between the two cerebral hemispheres in the longitudinal cere-
bral fissure, its free edge ending just above the corpus callosum.

The tentorium cerebelli (2) supports the occipital lobes and sepa-
rates them from the cerebellum set deeply in the posterior cranial
fossae. The free edges of the tentorium create a notch (incisura)
for the midbrain, and run anteriorly to the dorsum sellae (posterior
wall of the sella turcica). Notice the dural roof of the sella (dia-
phragma sellae), perforated to transmit the infundibulum; see
Plate 152. Extending vertically downward from the midline of the
tentorium is the falx cerebelii (3; not shown), separating the cere-
bellar hemispheres. It is continuous with the dura lining the poste-
rior cranial fossa.

The filmy, vulnerable arachnoid lies deep to and flush with the
inner dura. The arachnoid is separated from the deeper pia mater
by the subarachnoid space, filled with cerebrospinal fluid (CSF).
This space becomes voluminous at various locations (cisterns;
Plate 82). The pia is a vascular layer of loose fibrous connective
tissue, supporting the vessels reaching the brain (and spinal
cord). It is inseparable from the surface of the brain and cord.
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CIRRVLATION OF CEREERRESPINAL FLUIB BSF)

CN: Use the same colors as were used on the previous plate for the three meninges.

Use blue for L and light colors for E through H, J. and K. (1)

and the coronal section simultaneously, paying close attention to the arrows of direc-
tional flow. Note that both layers of dura (A) are given one color. (2) The four cisterns,
part of the subarachnoid space, all receive one color (J'), including the lumbar
cistern at lower right. (3) Color the median and lateral apertures of the IV ventricle.
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Cerebrospinal fluid (CSF) is a clear, largely acellular
fluid secreted by the choroid plexus (70%) and vessels
near the ventricular walls (30%) into the lateral, third,
and fourth ventricles. About 150 ml of CSF circulates
through the ventricles and around the subarachnoid
spaces (including cisterns). CSF flow through the
central canal is minimal to nonexistent. Although the
fluid is an exudate of plasma from the capillaries (in
the pia mater enfolded with ependymal cells lining the
ventricles), it has significantly less density and protein
than plasma. CSF drains into the subarachnoid space
via median and lateral apertures located in the roof of
the fourth ventricle. Cisterns are dilated subarachnoid
spaces formed at flexures of the brain. The most notable
of the cisterns is the lumbar cistern, in which float the
lumbar and lower nerve roots (cauda equina). This

See 80, 81
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cisternis afrequent site of puncture (at a level of about
the 4th lumbar vertebra) for withdrawal and diagnostic
testing of CSF. Anesthetic agents and radiopaque dyes
also can be introduced at this site. Cerebrospinal fluid is
resorbed by cauliflower-shaped outpocketings of arach-
noid calted villi. These villi project into the superior sagit-
tal sinus, one of the large veins draining the brain.

CSF suspends the brain and spinal cord within the dura
mater in virtually a no-load condition, preserving their
structural integrity. Thatis, the brain and spinal cord do
not experience a gravitational force from the base of the
skull or the sacrum. In forceful movements of the head
and torso, up to a point, the CNS is protected from strik-
ing the skull or vertebral column by its fluid-filled con-
tainer functioning as a cushion.
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PERIPHERAL NERVOUS SYSTEM

CRANIBL WERVES

CN: Use light colors throughout. (1) Beginning with the

first cranial nerve, color the title on the left; the large Roman
numeral, the cranial nerve (cut), and the related function
arrow at lower left; and the Roman numeral and accompany-
ing illustration at upper right. The illustrations generally
depict target organs/areas. (2) Note carefully the direction
of the function arrows at lower left (sensory/afferent is
incoming; motor/efferent is outgoing). (3) The accessory
nerve (XI) has two roots: a spinal root and a cranial root

that travels with the vagus nerve (X).

Ophthalmic
branch
Maxillary

Mandibular.

CRANIAL WERYES:-
OLEACTORY ()
@ET0E (00

@@@@@M(@?@@ (OOD)I{I il
TROCKLERAR (1) 5
TRIGERINEL (Vv

RABRUCENVS (W)
FRGIARL 00w
VESTIBULQCEEHLEARR (W00
CLOSSORPHARYNWGEARL 023
VRAGUS (£5)

ACCESSORY E3)n

MY BLOSSAL (2300

Sensory
(Afferent)
nerve

) J See 70
Superior
oblique m.
Olfactory -
receptors
n
Lateral
rectus m

Muscles
of mastication 1
{motor)

Muscles
of facial
expression

Taste
receptors’

Salivary
glands

Cochlear
branch

Trachea o
TN
Heart =\ Lung =
> Z ;— Stomach
L ER) (7 T ™
2K
L2
i~
@M
Small :
External intestine Trapezius m.

Sternocleido-
mastoid m.

ear

& Motor
(Efferent)

Cranial nerves | and Il are derived from the forebrain; all others arise from the brain
stem. V = visceral, referring to smooth muscle, glands, and organs with hollow cavities;
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\ N S = somatic, referring to the skin, eye, skeletal, facial, and skeletal muscles; A = affer-
O|taotory\“\ / )\ N ent or sensory, E = efferent or motor All motor nerves depicted include proprioceptive
,{/ { bult}/_‘.,/-‘ ~\\./‘/’ 4 \ fibers (sensory for muscle, tendon, and joint movement).
B A L,
< Olfactory ‘{/c \\\ DD“ | VA: smell-sensitive (olfactory) receptors in roof/walls of nasal cavity.
Ny l

SA: light-sensitive (visual) receptors in the retina of the eye.

SE: to extrinsic eye muscles (exc. lat. rectus and sup. oblique); VE: para-
sympathetic to ciliary and pupillary sphincter (eye) muscles via ciliary
ganglion in the orbit.

SE: to superior oblique muscle of the eye.

SA: from face via three divisions indicated; VE: to muscles of mastication,
tensor tympani, tensor veli palatini, mylohyoid, and digastric muscles.

SE: to lateral rectus muscle of the eye.

VA: from taste receptors ant. tongue; SA: from ext. ear; VE parasympathetic
to glands of nasal/oral cavity, lacrimal gland (via pterygopalatine ganglion in
fossa of same name), submandibular /sublingual salivary glands (via subman-
dibular ganglion in region of same name); VE: to facial muscles, stapedius
(mid. ear), stylohyoid, post. digastric muscles.

SA: cochlear part is sound-sensitive; vestibular part is sensitive to head
balance and movement (equilibrium).

VA: from taste receptors post. one-third tongue; SA: from ext. ear and ext.
auditory canal; VA: from mucous membranes of posterior mouth, pharynx,
auditory tube, and middle ear; from pressure and chemical receptors in
carotid body and common carotid artery; VE: to sup. constrictor m. of the
pharynx, stylopharyngeus; VE: parasymp. to parotid gland (via otic ganglion
in infratemporal fossa).

VA: from taste receptors at base of tongue and epiglottis; SA: from ext.

ear and ext. aud. canal; VA: from pharynx, larynx, thoracic and abdominal vis-
cera; VE: to muscles of palate, pharynx, and larynx; VE: parasymp. to mus-
cles of thoracic and abdominal viscera (via intramural ganglia).

Cranial root: joins vagus (VA to laryngeal muscles); spinal root (C1-C5): inner-
vates trapezius and sternocleidomastoid muscles.

SE: to extrinsic and intrinsic muscles of tongue.






PERIPHERAL NERVOUS SYSTEM

SEINAL WERVES & WERYE S

CN: Usevery light colors for D through G. (1) Begin with the upper illustration.
Color all three pairs of spinal nerves as they emerge from the intervertebral
foramina (M). (2) Color the cross-sectional view in the center. (3) Color the
spinal nerve axons and the arrows representing direction of impulse flow.

SEINAL NERVE R@ET -
POSTERICR BEOTA
SENSORY Azs@Ws
CELL BODW
POSTERICR BEROT ERANGLICW»

AWTERIGR RBROOU:
MOTOR &S
GELL BV

SPINAL NERVE: RBAMUSH

Spinal nerves are collections of axons of sensory and motor neurons
located in or adjacent to the spinal cord. They are the spinal equivalent”
of cranial nerves. Spinal nerves arise from nerve roots that come
directly off the spinal cord. The spinal nerves and their roots are
arranged segmentally (from cervical to coccygeal) and bilaterally
along the length of the spinal cord. The central relations of these spinal
nerves/roots can be recalled in Plates 78 and 79. The spinal nerves
branch soon after they are formed into anterior and posterior rami.

Axons of sensory neurons that form the major part of the posterior root
are called central processes (see drawing of spinal nerve axons).

The cell bodies of these neurons form the posterior root ganglia and
are located in or near the intervertebral foramina, except for the sacral
and coccygeal nerves, whose ganglia are in the vertebral canal. The
peripheral processes of the sensory neurons join with the axons of
motor neurons to form the spinal nerves.

The cell bodies of the motor neurons are multipolar and exist in the
anterior horns of the spinal cord. Their axons emerge from the cord
to form the anterior roots of the spinal nerves.

The nerve roots join to form the spinal nerves in the region of the inter-
vertebral foramina. The nerve roots are progressively longer from cervical
to coccygeal regions because the spinal cord does not fill the vertebral
canal; it ends at the level of the 1st lumbar vertebra. Thus, some spinal
nerve roots are quite long, remaining within the vertebral canal before
reaching the lumbar, sacral, and coccygeal intervertebral foramina.

The collection of these long nerve roots forms the “cauda equina”

(recall Plate 77).

WERVE REET RELATIONS.-

VERTEBRA

BOBNg

AR

RBTICVULAR PROCESSK
VERTERRAL GCRANAGL

LRATERRL RECESS U
(IWNTERVERTEEBRAL CORAMENm

Spinal nerves and their roots have fairly tight quarters. The relations of
these nerves and roots can best be appreciated in the cross-sectional
view. Nerve roots are vulnerable to irritation (radiculitis) from encroach-
ing, hypertrophic bone in the lateral recesses (degenerative joint dis-
ease), from bulging intervertebral discs (degenerative disc disease), or
from cysts, meningeal tumors, and so on. With compression of axons or
blood vessels supplying the axons, functional deficits can resulit (radic-
ulopathy: sensory loss. motor loss, and/or tendon reflex change).
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(T See27,71,77, 86
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PERIPHERAL NERVOUS SYSTEM 85

SPINAL REFLEZKES seete 2
CN: Use light colors for A and C, and use the same colors you used on PI. 84 for structures

D-F. (1) Color the upper two illustrations simultaneously, in numerical sequence 1-6, Contracting

including the arrows. The small arrows at the end of the muscle segments indicate con- effector

traction or stretch. (2) Color the lower two illustrations similarly. Note that the motor neuron muscle ﬂ
synapsing with the inhibitory interneuron, and the related effector, are not colored. ; /3 Y Patella

MENOSYNARTIE REFLE--
STRETCY RECERRTOR (W-TORGAM) A ,
STRETCH BRECEFTOR MUSELE SPINBDLE)A KNEE JERK {
SEWSCRY MERURGWA REFLEX \ 9

l

% J Patéllar ligament

-\ (With neurotendinous organs)

SRIVAL COFHDs I

MOTER VWEURBOM: porn i
BN PLATE.

EEFEETEOR MYSELED

SEPINAL IBRVES / ReOTS-
SEPINAL VMERVIE:
BRANGCHE:
PESTERICR BT
CARAWGGLICWY
RANTERICRE G

A reflex is an involuntary muscle response to a stimulus. It is a fundamental activity of
the nervous system; most body movements and movement of viscera are reflexive—
e.g., heart rate, respiratory rate, peristalsis of gastrointestinal motion. Spinal reflexes

Anterior
horn

involve sensory receptors, sensory neurons, interneurons of the spinal cord, motor I s
neurons, and effectors. ;,S f
The simplest spinal reflex is a monosynaptic reflex involving two neurons and one syn- Contracting S // quscle
apse (myotatic [stretch] or deep tendon reflex). The reflex is activated by stretching skeletal b “ spindle
the tendon of a specific muscle, such as the tendon of quadriceps femoris at the knee. muscle

This can be done with the sharp tap of a small mallet used for such purposes (or with &

the Sth-digit side of a hand). The receptorsresponsive to such a stretch are the neuro- ﬁ g]

tendinous organs in the patellar ligament and the muscle spindles in the belly of the A Extensor of hand
quadriceps muscle. Muscle spindles are encapsulated, specialized muscle fibers L {Contracting muscle)

within muscle bellies that have nerve endings sensitive to muscle stretch. Impulses
generated in these receptors (1) are conducted by sensory neurons (2) to the spinal
cord (3); these synapse in the gray matter with the anterior horn motor neurons (4).
The motor neuron conducts impulses to the end plates of the effector muscle (5). The

muscle contracts sufficiently, in the case of the knee reflex (“jerk”), to extend the knee WITHDRAWAL W )
joint momentarily (6). REFLEX (e::) ; p
Stretched \

flexor muscle

POLYSVYRVRRPTIC REFLES--

CRAIRY REECERTAR ~>
SENMSERY WEW R A=
WTERWEURCN +-

FRBILITA TR ()4

I BIIORVICTIES
> MOTER WEVBEW.: / BEEECT R
SN OICRINEURIGNEY EEEECIHRORS

Polysynaptic reflexes range from simple withdrawal reflexes to complex reflexes
involving several segments of the spinal cord and brain. The complexity of a poly-
synaptic reflex relies on the number of interneurons in the reflex and the number of
synaptic contacts. In this case, temperature and pain receptors respond to a sharp
increase in heat; sensory neurons conduct the impulse to the spinal cord. An interneu-
ron receives the impulse. Branches of the interneuron excite two interneurons,

one facilitatory and one inhibitory. The excitatory interneuron facilitates the firing of
the motor neuron that induces the extensor muscle to contract, lifting the fingers
from the flame. Simultaneously, the inhibitory neuron depresses the firing of the 2nd
motor neuron (C3), and the antagonist flexor muscle is stretched without contracting,
permitting the fingers to be withdrawn from the flame.

Non-stimulated
neuron C-j-

Extensor
muscle






PERIPHERAL NERVOUS SYSTEM

PISTRIBYT 0N ©F SPINAL VERYES

THERAGIG SEPINAE: WERYE

CN: (1) Begin with the upper illustration, which is an introduction to the
major nerve plexuses (detailed on the following three plates) formed by
spinal nerves. Note that each nerve (shown emerging from the left half of
the spinal cord) receives the color of the plexus to which it contributes;
exceptions are nerves T1 and L4, which make two contributions but receive
the color of their main grouping. Thoracic nerves (C) give rise to intercostal
nerves (O), represented above in the company of each rib and treated in
more detail below. (2) Color the example of nerve coverings, taken from a
cutaneous nerve (F') in the cross-sectional view to the right. (3) Color the
larger view and review the introduction to these structures on Plate 84.

Thirty-one pairs of spinal nerves supply the body structure with
sensory and motor innervation, except for areas covered by cranial
nerves. From above to below, there are 8 cervical spinal nerves
(C1-C8), 12 thoracic (T1-T12), 5 lumbar (L1-L5), 5 sacral (S1-S5),
and one coccygeal (Co1). There is one more nerve than vertebrae

in the cervical spine; C1 passes above the C1 vertebra, C8 passes |

below the C7 vertebra. Thus, spinal nerves after C6 pass below
the vertebra of the same number; above C7 they pass above the
vertebra of the same number.

Spinal nerves arise from roots; once formed, they split into rami
(see Plate 84 and the cross section below right). The anterior rami
of all spinal nerves (except thoracic) form interconnecting networks
or plexuses outside the vertebral column. The posterior rami do not
contribute to plexuses. Peripheral nerves are branchings from the
plexuses and are directed to geographically related parts of the
body. The nerves of the cervical plexus (C1-C4) can be colored in
Plate 87, the nerves of the brachial plexus (C5-T1) in Plate 88, and
the nerves of the lumbar plexus (L1-L4) and sacral plexus (S1-S4)
in Plate 89. The coccygeal plexus (S4, S5, Co1) is not shown.

The anterior rami of thoracic spinal nerves form intercostal nerves,
not plexuses (see Plate 50), although T1 contributes a branch to
the brachial plexus. An idealized cross section through the thorax
reveals the ring-like distribution of a “typical” thoracic spinal nerve
(see below right). The anterior ramus of one thoracic nerve supplies
a segment of the cutaneous, subcutaneous, and musculoskeletal
areas of the torso, and the smaller posterior ramus (along with pos-
terior rami of cervical and lumbar spinal nerves) supplies its poste-
rior wall and that of the neck. Note the formation of the cutaneous
branches to appreciate the innervation of the skin around the body
(see also Plate 90).

A cross section through any nerve reveals coverings similar to
those of muscle (Plate 44). These fibrous envelopes ensure physical
security for the individual axons (endoneurium), fascicles of neurons
(perineurium), and the entire nerve (epineurium continuous with

deep fascia). These coverings also physically secure the vessels
(vasa vasorum) and nerves (vasa nervosum) supplying the axons.

WERVE COVERIVGS--
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[EUDONEURIUNT
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See 50, 84, Appendix B

CERVIGAE
PLERUS (CJ-G4E:)a

BREGHIAL
PLERVS (@5-T1):

THERAGIS
RMERVES (T1-U18)

SPINAL NERVES

AND NERVE PLEXUSES

(Posterior view)

T12 spinal n.

CURDEBARR
RLEXRYS (708

SIACRIAN
PLERVS (1, LS-SEH:

/- Muscular
branch

Innermost
intercostal m.

Internal
intercostal m.

External
intercostal m.

Erector
spinae muscles

Intervertebral

Cutaneous
foramen

Sympathetic
ganglion

thoracic vertebra

PATTERN OF
A TYPICAL THORACIC
SPINAL NERVE

(Cross section through
mid-thorax, viscera removed)

Transversus
thoracic m.

Muscular
branch
Sternum

P
S A






PERIPHERAL NERVOUS SYSTEM

CERWICAL PLERUS & WERVYES 10 THE WEEIS

CN: Use dissimilar colors for A-E. Label C has been omitted to avoid
confusion with C1-C5 (spinal nerves). (1) It will be helpful to follow the text
as you color the large schematic. Color each C and its respective numeral,
as well as the directional arrows. Where two roots form a nerve, that nerve
(and its title) receives both colors. The phrenic nerve (F), formed by three
nerves, receives its own color. (2) The sternocleidomastoid muscle, which

lies above the spinal nerves, has been removed from the schematic but does

appear in the cutaneous nerves illustration. A darkly outlined rectangle
provides a frame of reference for the material covered in the schematic.
(3) Color the four nerves of the cervical plexus, and C5 (bottom illustration).

CERVICAL PLERUS -
@1 SPINAL NERYE. & BERANGHA

ANSA CERVALICYUS: SURP: BROOTA?

G& SPIVAL WWoe & EBR0s
c8 Wop E%BR0o0'

AWSH CERVAGICUSS I¥Fo RO s?+b?

GREAT AVRBICUWAAR Wo &2+p*

LESSER @CGIRPITRL Wos*+d*

TANSVERSE CEBVICAYL Wo & +0°
GCESAIAL ot & B(Ro &

SUERACLAVIGCULRAR WSoo*+c?
EHIREMIS Mo &

LEECESSERBY Wo (850 CRAMIAL) e

CS SEIRNEE Wor & BRoH'
ROCT ©F BEACHMIAL PLERUVSH:

The distribution of spinal nerves from just below the neck to

the lower abdomen is segmental and bilateral (Plate 86). In the
neck and limbs, the distribution of spinal nerves is more irregu-
lar and occurs by way of interconnecting branches (plexus,

a network) solely from the anterior rami.

The cervical plexus arises in the deep lateral neck, formed from
the anterior rami of cervical spinal nerves 1 through 4 (C1-C4).
C1 sends aloop to C2; from this loop the deepest cervical
muscles are innervated. Other C1 fibers pass along a length
of the hypoglossal (XIl) cranial nerve to supply the geniohyoid
and thyrohyoid muscles. A branch of C1 (superior root of the
ansa cervicalis) turns inferiorly from the hypoglossal nerve to
descend to the level of C4, where it is joined by a confluence
of fibers from the C2 and C3 spinal nerves (inferior root of the
ansa). The fibers of this loop supply the infrahyoid muscles.

Fibers from C2 and C3 give origin to three important cutaneous
nerves emerging from the anterior border of the mid-posterior
triangle: the great auricular nerve destined for the external ear,
the lesser occipital nerve to the posterolateral scalp, and the
transverse (cutaneous) nerve of the neck supplying the skin
and fascia over the anterior triangle (recall Plate 48).

Note that fibers from C3 and C4 send medial, intermediate,
and lateral supraclavicular nerves to the skin in a broad area
centered over the clavicle (anterolateral neck, shoulder, and
anterior upper chest). They also project fibers to the trapezius
muscle. Recall from Plate 83 that the primary nerve supply

for this muscle is the spinal root of the accessory (XI) cranial
nerve. Branches from C3 and C4 join with a branch from C5

to form the phrenic nerve, which innervates the thoracic dia-
phragm (recall Plate 50; see Plate 135). C5 is a major contribu-
tor to the upper trunk of the brachial plexus.
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See 48, 86, 88
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PERIPHERAL NERVOUS SYSTEM

BRAGCHIAL PALELBYS & WERVYES T THE VEEER LIRE

CN: Use light colors for A-D. (1) In the upper illustration,

illustration that the entire plexus is colored gray. (2) As you

color the letters and numbers identifying the five roots of the color each of the major nerves arising from the plexus, color

brachial plexus. Note but do not color the small branches of
the plexus as you color the plexus itself. Note in the lower

BRACHIAL PLERUS & AIOR BRANGHES -

REOTS C5,EBA
UPEPER TRUWIG s

RBOOT &7~
MIDOLE TRUNK e
ROCTS B8y T a*
LOWER TRUYIS

ANTERICR BIVISION
CRTERAL CORD (B8-B7)p

MUSCULOCYTANEBOUS Mo:

BE. 7O MEBBIEAN Mo
MEDIAL CERE (C8-T1):
B TO MEDIAM Mo
MERIAN WMo =
VLR No .

POSTERIOR DIVISION (GS-T)c /

POSTERIORB CERD?v:
RBILLARBY Wo (BS=CE)y
BABIAL Wo (EF=T1):

The major nerves to the structures of the upper limb arise from
the brachial plexus, formed from the anterior rami of spinal
nerves C5-T1 (plus or minus one level). These rami form the
roots of the plexus. In the pattern illustrated, further branching
and joining of fibers in the neck, supraclavicular area, and
axilla result in the formation of the five major nerves of the
upper limb.

The brachial plexus is subject to injury (plexopathy) from
excessive stretching or traction (e.g., rapid, forceful pulling of
the upper limb) and compression (e.g., long-term placement
of body weight on axillary or armpit cushions of crutches). In
such injuries, there is great variation in degree of deficit, signs,
and symptoms.

The musculocutaneous nerve (C5-C7) supplies the anterior arm
muscles and is cutaneous in the forearm. Packaged in muscle,
it is rarely traumatized. C5 and/or C6 nerve root compression
can weaken these muscles. The median nerve (C5-C8, T1;
“carpenter's nerve") supplies the anterior forearm muscles and
the thenar muscles. It can be compressed at the carpal tunnel
(recall PI. 35), resulting in some degree of sensory deficit to
fingers 1-3 and weakness in thumb movement (carpal tunnel

PALMAR G
VIEW Carpal
tunnel

MAJOR NERVES
OF THE UPPER LIMB

(Right limb, anterior view)

it in the lower illustration as well. As you color each nerve,
try to visualize it on your own limb.

Dorsal
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cutaneous n.
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syndrome). Similar complaints can be associated with a C6
nerve root compression.

The ulnar nerve (C8-T1; "musician’s nerve") supplies certain
muscles of the forearm and most intrinsic muscles of the
hand. It is subject to trauma as it rounds the elbow in the
cubital tunnel, possibly resulting in ulnar-side finger pain,
hand weakness, or abnormal little finger position. Similar
complaints can be associated with a C8 nerve root compres-
sion. The axillary nerve (C5-C6) wraps around the neck of the
humerus to supply deltoid and teres minor. It is vulnerable
in fractures of the humeral neck, possibly resulting in a weak
or paralyzed deltoid muscle. The radial nerve (C5-C8, T1)
supplies the triceps, brachioradialis, and posterior forearm
(extensor) muscles moving the wrist and hand. It is subject
to damage as it rounds the mid-shaft of the humerus; signifi-
cant nerve loss here results in "wrist drop” and loss of ability
to work the hand (try moving your fingers with your wrist
flexed hard). A C7 radiculopathy is characterized by a weak
triceps, loss of the triceps jerk (reflex), and numbness of the
middle finger. See the appendix for a listing of upper limb
muscles and their nerve supply.

=

lsmb)(\_{f N
R :
o’ Medial brachial ¥

\7'—7 Sternum

88

See 84, 86, 89
and Appendix

/

Sternocleidomastoid m.

==

Medial NN
epicondyle \

Cubital
tunnel

Clavicle

Cervical
vertebra

intercostal n. & \*

~



W TEA . BN B

TPl

CULE B



PERIPHERAL NERVOUS SYSTEM 89
See 84, 86, 90

LOMBAR PLERYUS & VMERVES 1@ UHIE COWEH LB and Agpendi

cjé\ Y % CN: Use a bright color for J. (1) Begin with the anterior view.
X! //a Color the lumbar and sacral plexuses gray; note that they have
lliohypogastric n. s been dotted for easy identification. Note the longest branch of
. G Liw f the femoral nerve: saphenous nerve. (2) Color the posterior view,
llicinguinal n. /’ ‘% \ LE,”( which includes almost entirely the sciatic nerve and its branches.
_/ "

The heel of the foot has been iifted to view the plantar nerves.

| ! /’
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LRT: FEMCRARL GUTAW: (s b ok &
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?é’r‘é‘n’?éﬁ’ SYPERIOE GLUTEAL Wos |
TIBIAL Wo (CEr-S&) .,1
@@M)(!@@@ SO@&@@ @0 (@:‘ffmgj%k } muscles

|\l T osT, FEMOREL CUTAN. M- branch /.
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SRIATIG Mo (04>=SR): Hoe
MEDek LAT> CLAMTAR Wor - , /} /
SUPERFEISIAL FIBUGAR Mo |
Femur PEER FIBYLAR Mo Y/

The lumbar plexus, formed from the anterior rami of L1-L4 spinal [
nerves, is located against the muscles of the posterior abdominal \
wall. The femoral nerve (L2-L4) passes through the psoas major \
muscle in its descent, emerging lateral to the muscle in the pelvis.
As the nerve passes under the inguinal ligament, it lies on the Medial

muscle’s anterior surface. The femoral nerve breaks up into a sural
cutaneous
nerve

Infrapatellar
branch leash of nerves in the proximal thigh, supplying the four heads of

the quadriceps femoris muscle and the sartorius muscle. Medially,
the cutaneous saphenous nerve descends to the medial knee and
beyond to the ankle. In mid-thigh, it passes through the adductor

canal into the posterior femoral compartment, with the femoral [ .Latera[
artery and vein (recall Plate 63). The obturator nerve (L2-L4) , sural
passes along the lateral pelvic wall on the obturator internus mus- ( C“tnaer:sgus

cle. It penetrates the obturator foramen to enter the medial thigh,
supplying the adductor muscles. Bothfemoral and obturator
nerves are subject to trauma or compression within the pelvis.

The lumbosacral trunk (L4, L5) joins with the sacral spinal nerves
to form the sacral plexus (L4-S4). From this plexus, the superior
gluteal nerve (L4, L5, S1) passes through the greater sciatic fora-
men, above the piriformis muscle, to supply gluteus medius (and
sometimes minimus). The inferior gluteal nerve (L5, S1, S2) comes
into the gluteal region above piriformis to supply gluteus maximus.

The sciatic nerve joins the posterior femoral cutaneous nerve and
the inferior gluteal nerve to pass through the greater sciatic fora-
men under the piriformis muscle, deep to gluteus maximus (but
not innervating it). It descends between the ischial tuberosity and
the greater trochanter of the femur. Within the posterior femoral
compartment, above the knee, the sciatic nerve splits into the
tibial and common fibular (peroneal) nerves. The tibial nerve
supplies the posterior leg muscles and the plantar muscles of the
foot. The common fibular nerve supplies the lateral leg muscles
(superficial fibular nerve) and the muscles of the anterolateral

ANTERIOR i
VIEW leg compartment (deep fibular nerve).
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PERIPHERAL NERVOUS SYSTEM

DERBMATOMES

CN: (1) Begin with the diagram at left, depicting sensory innervation of an area of skin

(dermatome) and the degree of overlap among contiguous spinal nerve cutaneous branches and
the dermatomes they supply. Color gray the three spinal nerves and the rectangular borders of the
related dermatomes. Note the overlap. (2) Use very light colors for the five groups of dermatomes.
Use one color for all dermatomes with the letter V, another color for the dermatomes marked with a
C, and soon with T, L, and S. Suggestion: carefully outline the collection of C dermatomes with the

90

color used for C, then color in the enclosed area, focusing on the skin areas serviced by the &2 \
related spinal nerve; repeat with T, L, and S dermatomes. \/1 \
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A dermatome is an area of skin (cutaneous area) supplied by the sensory axons
of a single spinal nerve or a single division of the trigeminal (V cranial) nerve. The
body surface is globally covered by sensory receptors. The dermatomes constitute
a map of cutaneous innervation. Testing of general sensations (hot, cold, touch,
pressure) and pain can help determine deficits in specific dermatomes. The accu-

racy of dermatomal representation has been corroborated in cases of spinal sen-
sory root/nerve deficit (radiculopathy), trigeminal nerve irritation (trigeminal
neuralgia), and spinal cord deficits (myelopathy).

In the case of spinal nerves and the trigeminal nerve, there is overlap among
cutaneous branches of neighboring sensory axons. Thus, two branches of different
spinal nerves or divisions of the trigeminal nerve cover the border zone between
pairs of contiguous dermatomes.

In the case of pain, it is important to understand that dermatomes reflect only
cutaneous pain and pain referred to the skin (e.g., visceral pain, spinal or trigeminal
sensory nerve root pain). Commonly, pain of visceral origin may be referred to
cutaneous areas served by the same spinal sensory nerve(s) as those supplying
the visceral structure. For example, the pain of an inflamed lining of the lung (pleu-
risy), which is innervated by C3-C5 spinal nerves (phrenic nerve), may be felt dur-
ing deep inspiration in the cervical dermatomes C3-C5 (usually along the
supraclavicular nerve distribution).

Finally, note that (1) C1 has no dermatome because it has no sensory root; (2) C4
and T2 dermatomes overlap the chest wall because the spinal nerves C5-T1 are
largely committed to the upper limb; and (3) the same is true in the low back and
perineum with respect to spinal nerves L4-S2, which are largely committed to
the lower limb.
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PERIPHERAL NERVOUS SYSTEM

SENSOCRY RECERTEORS

CN: Use your lightest colors for A and E (1) Begin with the overview of a sensory
pathway. (2) Color the general exteroceptors. Note that each receptor is connected to
a sensory neuron (B) of a different color. (3) Color the proprioceptors in the lower illus-
tration. Color over the entire muscle spindle, but not the surrounding muscle fibers.

Sensory receptors provide information to the brain about the internal and
external environment of the body. Most receptors are transducers: they convert
mechanical, chemical, electrical, or light stimuli to electrochemical impulses
that can be conducted by the nervous system. Once generated, informational
or sensory impulses travel to the CNS via sensory neurons, ultimately reaching
the thalamus. Here impulses are relayed to the sensory cortex (conscious
interpretation) or to motor centers for appropriate (reflexive) response.

BRUrEROCERTORS--
SEPECIAL NS+
CENER AL (BUTRANRYS)--

FRERE WERVE GUbINGS /AN o
MERKEL (TRETILE) BELL / A3 o

ENCARPSULATED GDINGS -

RIEISSHERD (TACTILE CORPUSELE/AMB@e  Deml
RUFFIWI (PEFORMATION) ENDINGS /XM £

Exteroceptors are located near the body surface. Special exteroceptors (not
shown) include photoreceptors of the retina (light stimuli; Plate 95), taste
receptors (chemical stimuli; Plate 100), and auditory receptors (sound stimuli;
Plate 98). General exteroceptors are cutaneous sensory endings. They are
either encapsulated or free. Free nerve endings, either single or in networks,
are found in the epidermis and virtually all of the connective tissues of the body.
Free endings may serve as thermoreceptors (heat/cold), mechanoreceptors
(light touch), or pain receptors (nociceptors). Free endings may be specialized,
as with the Merkel cell endings (see Plate 18) and the spiral endings around
hair follicles sensitive to hair movement.

PROPRICCEETORS

PACINIAN PRESSURE) CORPUSELE/RWArDF

MUSELE SEPINDEE / RIIEED A®WS £+
NEUROTENRIMEOUS ORBREAW /RO F*

Proprioceptors are found in deeper tissues (e.g., superficial fascia, deep
fascia, tendons, ligaments, muscles, joint capsules) of the musculoskeletal
system. They are sensitive to stretch, movement, pressure, and changes in
position. The Pacinian corpuscles are large lamellar bodies acting as mechano-
receptors: distortion of their onion skin-like lamellae induces generation of an
electrochemical impulse. Muscle spindles, sensitive to stretch, consist of two
types of special muscle fibers (nuclear bag and nuclear chain) entwined with
spiral or flower-spray sensory endings. Stretch of these spindles (and the skel-
etal muscle in which they are located) induces discharge in the sensory fibers.
These impulses reach the cerebellum. Reflexive motor commands tighten the
special muscle fibers and increase resistance of the skeletal muscle to stretch.
By these spindles, the CNS controls muscle tone and muscle contraction. Neu-
rotendinous organs (Golgi) are nerve endings enclosed in capsules located at
muscle/tendon junctions or in tendons. They are induced to generate electro-
chemical impulses in response to tendon deformation or stretch.

INTEROCERTORS ns-+

Interoceptors (not shown) are free or encapsulated nerve endings, often in
association with special epithelial cells, located in the walls of vessels and
viscera. These receptors include chemoreceptors, baroreceptors (pressure),
and nociceptors, They are not usually sensitive to the stimuli to which
exteroceptors react.
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AUTONOMIC OR VISCERAL NERVOUS SYSTEM

SYMPATHETIC BIVISICN @)

CN: This plate is part one of a two-part presentation of the sympa-
thetic division, and many structures with the same titles and sub-
scripts on this and the next plate should receive the same color
(1) Begin with the schematic of the spinal cord segments contain-
ing the cell bodies of preganglionic neurons. These neurons (not
shown) leave the spinal cord to enter or pass through the sympa-
thetic chain. (2) Color the sympathetic chain and relations at
upper right. (3) Color the pathways of the preganglionic and
postganglionic neurons below. (4) Color the inset illustration.

SPIVALCORD SECMENTS Til>L&a
PRECANGLIOWIC CELL BOBYs
PREGCANGLIOMIG ASSOW) &

WHITE COMMo BAMUS -
SEPLENMCHVIE NWERVEL
PREVERTEBRAL GANBLI®W e

SYMPARATHETIE CRAIM
POSTERANGLICWIC CELL BODYs
PESTGANGLICMIC AROWN &
GRAY GOMMo FBAMUS #x

SPINAL WERVE:

The autonomic nervous system (ANS; also visceral nervous
system or VNS) is a part of the peripheral nervous system
(PNS), responsible for the innervation of smooth muscle and
glands in viscera and skin and of specialized cardiac muscle.
It is a motor system uniquely characterized by two-neuron
linkages and motor ganglia (pre- and post-ganglionic neu-
rons). Sensory impulses from viscera are conducted by
typical sensory neurons not generally described with the ANS
but considered part of the VNS. The sympathetic (thoraco-
lumbar) division of the ANS is concerned with degrees

of “fight or flight” responses to stimuli: pupillary dilatation,
increased heart and respiratory rates, increased blood flow
to brain and skeletal muscles, and other related reactions.

The cell bodies of preganglionic neurons are restricted to
the lateral horns of the spinal cord segments T1 through L2.
The axons of these neurons leave the cord via the anterior
roots, join with spinal nerves for a very short distance, and
turn medially to enter the sympathetic chain of gangliavia
the white communicating rami (white because the axons are
myelinated and “"white"). The chain is located bilaterally
alongside the vertebral column (see inset illustration). Once
in the chain, the preganglionic axons can take one or more
of four courses: (1) synapse with the postganglionic neuron at
the same level it entered the chain; (2) ascend and synapse
at a higher level of the chain; (3) descend and synapse at a
lower level of the chain; (4) pass straight through the chain,
forming a nerve that runs from the chain to the front of the
vertebral column (splanchnic nerve), and synapse with a
postganglionic neuron there (prevertebral ganglia).

The postganglionic neuron within the chain leaves via the
gray communicating ramus to join the spinal nerve. There
are gray rami bilaterally at every segment of the spinal cord;
white rami exist only from T1 to L2. Gray rami are so called
because the resident axons are unmyelinated and collec-
tively have a duller color than those of the white rami. Post-
ganglionic axons from prevertebral ganglia travel in a plexus
configuration to the viscus they supply. Plate 92 puts this
division into a more meaningful perspective.

- Midbrain 92
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AUTONOMIC OR VISCERAL NERVOUS SYSTEM

93

SYWRPATHETIG PIVISICR ()

CN: Use the same colors as you used on the preceding plate for
preganglionic neurons (B), splanchnic nerves (D), and postgangli-
onic neurons (G), all of which have been given the subscripts they
had on Plate 92. First orient yourself to this diagram. Note the spinal
cord in the center with sympathetic chains of ganglia on either side.
Not all connections of both chains are shown. Here, the pathways on
the left are to the skin. Pathways on the right are to viscera in the

PRECANBLICWIG
NEVRCWS:
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Sympathetic innervation of skin (and viscera as well) begins
with the preganglionic neurons in the thoracolumbar part of
the spinal cord. The axons leave the cord via the anterior rami
of spinal nerves, enter and leave the spinal nerves to join the
white communicating rami. These rami bring the axons into
the sympathetic chain. Axons from the upper thoracic cord
ascend the chain up to the highest ganglion (superior cervical
ganglion at the level of the first cervical vertebra). Axons from
the lower thoracic and upper lumbar cord enter the chain and
descend as far as the lowest ganglion (ganglion impar at the
level of the coccyx). At every level of the chain (roughly coinci-
dent with spinal cord segments), the preganglionic axons syn-
apse with postganglionic neurons. The postganglionic axons
leave the chain via the gray communicating rami, enter the
spinal nerves from C1 through Co1, and reach the skin via
cutaneous branches of these nerves. These axons induce
secretory activity in sweat glands, contraction of arrector

pili muscles, and vasoconstriction in skin arterial vessels.

Postganglionics to the head (vessels and glands) leave the
superior cervical ganglia and entwine about arteries enroute
to the head (in the absence of spinal nerves) to reach their tar-
get organs. Postganglionics to the heart and lungs leave the
upper ganglia of the chain, reaching these organs via cardiac
nerves and the pulmonary plexus. These neurons act on heart
muscle and the cardiac conduction system to increase heart
rate; they induce relaxation of bronchial musculature, facili-
tating easier breathing.

Preganglionics to abdominal and pelvic viscera leave the cord
at levels T5-L2, enter the white communicating rami, and pass
through the sympathetic chain without synapsing. They form
three pairs of splanchnic nerves between the chain and the
prevertebral ganglia on the aorta. These axons synapse with
the postganglionic neurons in the prevertebral ganglia. The
axons of these neurons reach for smooth muscle, inducing
contraction of sphincters and decreasing intestinal motility,
relaxing bladder muscle and constricting the urinary sphinc-
ter. These axons stimulate the adrenal medulla to secrete
mostly epinephrine and some norepinephrine, stimulate
secretion of glands and muscle contraction in the male geni-
tal ducts (ejaculation), and stimulate uterine contractions.

y
Ve

See 92, 155

head and body cavities. Start with the preganglionic neurons on the
left (B) and color the chain and related parts (G, G2) on the left.
Then read the related text. Color the preganglionic neurons (B) on
the right and the splanchnic nerves (D) to the abdominal viscera.
Color the postganglionics (G, G, G2) to the head and thorax, and
then the postganglionics (G* G®) from the prevertebral ganglia to
the abdominal and pelvic/perineai organs.

SYMPATHETIC DIVISION
(Schema showing the following)
1 Bilateral chains of ganglia with white rami connections to spinal cord.
Each chain has both connections (2) and (3), and they are mirror-images of one another.
2 Left chain with postganglionic connections to skin.
3 Right chain with splanchnic nerves/postganglionic connections to viscera.

1 1
i RIGHT
CHAIN

Superior
cervical
ganglion

G |

SKIN ! Middle
cervical
. ganglion
Inferior )]
cervical (]

ganglion

Spinal
nerves 3

NN

= R
% Superior S
Adrenal _& r
medulla - nesenteric

i ganglia

q"
&

>

)

. White

23 communicating”
é_o rami N
& j ,. ; NG5 S
\1‘9 A Gray. 7| Inferior

communicating . | mesenteric \
C‘ =) | rami - - - ganglia .
—o1k . Y oo

Prevertebral ) 7 ’_, 2

RS
o

ganglia
(Located on aorta)

=7
Sympathetic Sympathetic
chain chain






AUTONOMIC OR VISCERAL NERVOUS SYSTEM 94

PARASYIPATHETIC ®IVISIOW e

CN: Continue using the same colors you used on Plates 91 and 92 for sub- through the postganglionic neurons, noting the structures innervated. Note par-
scripts B, D, and G. Use a bright color for E. This drawing shows the parasym- ticularly the extensive pattern associated with the vagus nerve. (2) Continue
pathetic scheme on one side of the body only (nerve distribution is identical for  with the sacral preganglionics and postganglionics, noting the target organs.

both sides). (1) Start with the preganglionic neurons in the head and work

PREGCANGCLICNIC NEURBONS.--
000 CRANMIAL Wos!
W00 CRAWIAL Wes
083 CRARMIAL Woss
&5 CRAMIALs*

(3) Color the diagram describing ganglia location in the two ANS divisions.

PARASYMPATHETIC DIVISION
(Schema showing only one side)
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The parasympathetic division of the ANS is concerned with vegetative func-
tions—e.q., it encourages secretory activity on the body’s mucous and
serous membranes, promotes digestion by increased peristalsis and glan-
dular secretion, and induces contraction of the urinary bladder.

The parasympathetic preganglionic neuronal cell bodies in the head are
located in the brain stem associated with certain cranial nerves. The pre-
ganglionic axons leave the brain stem with their cranial nerve and synapse
at one of the cranial ganglia. The postganglionic neurons tend to be short,
terminating in salivary glands and other glands of the nasal and oral cavi- ‘ )
ties. The preganglionic fibers associated with the vagus (X cranial) nerve 1 & Qj/h:{ ’,/( //, Do ‘_@ 7‘ o4
are unusually long, descending the neck, the esophagus, and through the ! = \,/vgj ¥
esophageal hiatus to the gastrointestinal tract. The axons of these neurons | BT B
extend as far as the descending colon. The ganglia are in the muscular
walls of the organ they supply (intramural ganglia), the postganglionic
axons are very short, terminating in smooth muscle and glands.

The cell bodies of the sacral preganglionic neurons are located in the lateral

horns of sacral segments 2, 3, and 4 of the spinal cord. Their axons leave Sacral
the cord via the anterior rami but form their own nerves, called thepelvic fegion
splanchnic nerves (nervi erigentes). These nerves project to the pelvis, mix S2

with sympathetic postganglionics in the pelvic plexus, and depart for their sal e
target organs. They synapse with the postganglionic neurons in intramural =

ganglia in the walls of the organ supplied. These fibers stimulate contrac- S4

tion of rectal and bladder musculature and induce vasodilatation of vessels
to the penis and clitoris (erection).

The parasympathetic and sympathetic divisions of the autonomic nervous
system are not antagonistic. Their respective activities are coordinated and
synchronized to achieve dynamic stability of body function during a broad /
range of life functions, such as eating, running, fear, or relaxation.







SPECIAL SENSES HORIZONTAL

D?D@GD@U: SVS TEUY ( 9 ) Left e;? (;uTilg':if)r view)

CN: Use orange for E, yellow for G, red for M, blue for N, and very
light colors for C, H, 1, J, and K. (1) Color the sagittal section of the
eyeball and the uppermost illustrations simultaneously. Arteries (M)
and veins (N) are too narrow to be colored on the surface of the

95

Highest See 97
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retina in the sagittal section. (2) When coloring the retinal layers, ) (Left eye)
color gray the arrows (in dark outlines) representing the nerve ' J Y X - ;
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The eye is a layer of photoreceptor cells and associated neurons (retina) pack- ?’_ B
aged within a white, fibrous, rubberlike protective globe (sclera) that is trans- &@%&@@@ @5 M
parent in front (cornea). The cornea, composed of five layers of epithelia and @@?O@@

g y

fibrous tissue, is the chief refractive medium of the eye, focusing light rays

gntg thc;efretina, 1';:8 |/'e[|7$ (tl:g)htlly pacredt. elqc:tpsulzted ?on-zlzlstic Iengtfibers ARWOW 2 /VERVE FIBER LAVER3
erived from epithelial cells) also refracts light, and up to middle age, it can BANBLION CERLL / -
o/ LAVER

vary its shape (and refractive index). The aqueous humor(extracellular fluid)

filling the anterior and posterior chambers of the eye, and the more gelatinous BRIPOLAR CELL r/ LANER

(99% water) vitreous humor taking up 80% of the globe's volume, function as @@@ @@@;& ‘
refractive media. The inner surface of the posterior two-thirds of the sclera is Q &%‘{g@@%z
lined with a vascular, highly pigmented layer (choroid) that absorbs and pre- SOWE CEL L

vents scattering of light. The choroid thickens anteriorly as the pigmented, @U@M@G@?@@ @@O?G’O@&O %W@@
@@/‘ R

fibromuscular ciliary body that surrounds the lens. The ciliary body projects
outpocketings (processes) to which suspensory ligaments from the lens

attach. On the anterior aspect of the ciliary body, a thin, pigmented, epithelial - SECTION OF THE RETINA

and fibromuscular layer (iris) circumscribes the hole (pupil) in front of the lens. = '—rig;‘ e

The retina lines the posterior half of the interior of the globe, and a bit more, o H Fi «—W
ending anteriorly at the ora serrata. At the retinal end of the optic axis, there is K @ E @ Nerve
a yellow pigmented area (macula lutea) within which is a depressed area o impulse @

called the fovea centralis. Under lighted conditions, this is the center of great-
est visual acuity (clarity of form and color), reflecting a dense accumulation of
color-sensitive cells (cones). About 3 mm to the nose side of the macula,
axons of the nerve fiber layer stream out through the optic disc to become the
optic nerve. The optic disc is devoid of light-sensitive cells and is therefore a
blind spot. The pigmented layer of the retina (refreshing pigment to the adja-
cent rods/cones) is closest to the choroid. The photoreceptor layer consists of
cone cells (sensitive to form and color) and color-insensitive rod cells pos-
sessing great sensitivity to light. Bipolar cells receive and mediate input from
rod and cone cells and conduct resultant impulses to the ganglion cell layer.
Among these two more-peripheral layers are interwoven numerous horizontal
cells (not shown for visual clarity) that influence neuronal activity. The axons of
the ganglion cells, the final common pathway of retinal activity, form the fibers
of the optic nerve.
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SPECIAL SENSES

WISUALOVSTEW (&)

CN: Use the same colors as were used on the previous plate (with different sub-
scripts) for structures J, K, L, M, N', and O. Use light colors for A, G, H, and |. Note
that various structures in the central illustration also appear in the illustration below it.
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Fluid (tears) interfacing the conjunctivae of the eyelid (palpebra) and the
cornea facilitate easy movement of the lids over the cornea without inducing
irritation. Tears also function as a vehicle for moving epithelial debris and
microorganisms from the corneal surface and undersurface of the eyelids into
the nasal cavity via the lacrimal apparatus. Thus, there is an anatomic basis
for blowing your nose after a good cry. The absence of tears can cause
remarkable pain and even blindness. The principal gland for tears is the
lacrimal gland, located in the anterior, superior and lateral (temporal) aspect of
the orbit. Other glands and sources of tears include unicellular (goblet) glands
of the conjunctiva and tarsal glands of the lids. Episodic blinking (rapid cycle
of lid approximation and retraction) maintains a film of tears on the conjunctiva
and resists “dry eye.” Routine closing of the lids occurs with muscle relax-
ation; energetic closure requires the orbicularis oculi muscle. Retraction of
the eyelids is accomplished by smooth muscle fibers (tarsal muscle of Muller;
sympathetic innervation) and the levator palpebrae muscle in the upper lid.
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Aqueous humor is a fluid in the anterior and posterior chambers of the eye,
secreted by cells of the ciliary processes (see lowest drawing). Fluid and
electrolytes also enter by diffusion from the ciliary body. Aqueous humor is a
clear, plasma-like fluid (but constituted differently). It is filtered into the canal
of Schlemm (scleral venous sinus), a modified vein filled with fibrous trabecu-
lae, located at the sclero-corneal junction. Fluid in the canal drains into nearby
veins. Obstruction to drainage is one of several causes of increased intraocu-
lar pressure, in which the increasing pressure in the anterior/posterior cham-
bers presses on the lens, which presses on the vitreous (99% water) body.
As water cannot be compressed, pressure is applied to the contiguous retina.
Unrelenting pressure compresses vessels to the axons and neurons of the
retina, damages neurons, and can result in blindness (glaucoma).
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SPECIAL SENSES

VISYAL SYSTEM (&)

CN: Use light colors for A-F, H. and |. Use contrasting colors for
J and K. (1) After coloring each eye muscle, color its functional
arrow in the upper diagram. (2) In the drawing on ciliary action,
color only the contracted ciliary muscles. (3) Carefully color the
diagram below, noting that only the first titles (visual field)
receive J and K colors. The rest of the titles are left uncolored,
but use the two colors on the structures to which they refer.

EXTRACCULAR MUSGCLES--
SUPERICR RECTVUS EBLEW))4
IWEERIOR BEETUS (BERRJs
LRTERAL RECTUS (RED).
MERIRAL RECTUS (ADB)»
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IVEERIOR OBLIQYE BOU: bo)r

The extraocular (extrinsic) muscles of the eye provide for a remarkable track-
ing capacity of the eye. CNS mechanisms permit conjugate (binocular) move-
ment of both eyes. Slowed, incomplete, or absent movement of one eye during
tracking movements suggests cranial nerve dysfunction or muscle/tendon
incarceration, as might occur in an orbital plate fracture. The true functions

of these muscles is more complex than shown, one reason being eye rotation
and torsion requiring multiple muscle action. Deviation from co-equal
alignment of the eyes is called strabismus.

INTRINSIC MUSCLES.-
CILIARY s
SPHINCTER PURILLAE
DILRTOR PUPILLAE:

The intrinsic muscles are located in the ciliary body (ciliary muscle) and the iris
(pupillary dilator and sphincter). Contraction of the ciliary muscles (1) wrinkles
the ciliary body tissue and puts slack in the processes, giving laxity to the sus-
pensory ligaments (2) and permitting the lens to round up on its own accord
(tension in lens fibers) (3). These muscles function (by parasympathetic inner-
vation) during near vision in which greater refractivity is desired. The dilator
pupillae consists of myoepithelial cells that pull the iris toward the ciliary body,
dilating the pupil (sympathetic innervation). The sphincter pupillae circum-
scribes the inner iris; its contraction constricts the iris, narrowing the pupil
(parasympathetic innervation). See the uppermost drawing.

VISUAL PATHWAYS- -
WISUAL FIBLD./VISVAL FIELD «
LIBHT WARAVE k)
BETIWE wry
ORTIC NERVE ¢ CLHIASMA ¢ TRAGT W)
LATERAL GENICULATE BBk«
SURERIOCR COLLICULYS (1«
@ERTIC RADIETION (o ke
VISVAL CORTER w, k)

As you color the lower diagram, note that the axons (Kg) from the retinas on the
temporal side of the optic axis do not cross at the chiasma. Note further that an
expanding tumor of the hypophysis is likely to impair visual acuity in the tem-
poral visual fields only (“tunnel vision"). The thalamus functions as a visual
relay center, informing multiple memory areas and other centers of the stimu-
lus. The superior colliculi are visual reflex centers, making possible rapid head
and body movements in response to a visual threat. Finally, note that the image
of the stimulus impinging on the visual cortex (K/J) is the reverse of that which
was actually seen (J/K). Integration of visual and memory centers at the visual
cortex makes possible perception of the image as actually seen.

MUSCULAR 97
ACTION See 95
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VISUAL PATHWAYS
(Horizontal brain section, schematic)
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SPECIAL SENSES
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CN: Use yellow for Z, and light colors for
A B G I,M N W, and X. The view of
the internal ear is magnified in the upper

Vestibulocochlear

illustration for coloring purposes. Color nerve (VII):
yourway down the plate, beginning with Vestibular
the diagram at the top. branch C';)chlear

ERTERUAL EAR.--
AURNICLE A ‘ S RN Ty e
EXT AVDITORY WEATWS: || =i (oS e N,
TYMPAMIE MEMBRAME: [\, AW 4 225 S

S/ Tympani <

MIDRLE BRR-- e
MALLEVS (MAMMER)
INEYS (ANVIG)E
STARPES (STIREBVE)F
AIPITERY TUBE s

INTEBNAL GRR--

BOWY LARBYRIMTEH
VESTIBWLE:

Auditory
(Eustachian)

Y
Mastoid

N\ A el BONY AND MEMBRANOUS
A L il

LABYRINTHS

CUAL WINDOW - VESTIBULAR End S:SSE?'
g@MO@U@@@&@@ CANAL « STRUCTURE e ! AUDITORY

COCHLEAL
SCALA VESTIBULIm
SCRALA TYRAPARRIO ~
ROVMV® WoNDEWo
MEMBRANCVS LABYRIWT -
SACEVLE. /VTRICLE
ERECYMIFPHETIS BUECTr
SEMICIBCULAR BUCT's
COCHLEAR BUEBT r
TECTERIAL MIEMEBRANE u
OREBAN OF CORU0 v
GO0 CELE w
SUPFERTIWE CELL «
BASILAR MEMEEBANE v
CRAMIAL NERBWE W00 =

Spiral

The ear is the organ of hearing and equilibrium (auditory and vestibular
systems). It is organized into external, middle, and internal parts. The
external ear includes the auricle (collector of sound energy) and the
external auditory meatus or canal (a narrow passageway conducting
sound energy to the tympanic membrane). This membrane, lined exter-
nally by skin and internally by respiratory mucosa, converts sound
energy into mechanical energy by resonating in response to incoming
sound waves.

The middle ear is a small area filled with much structure, including three
small bones (malleus, incus, stapes) joined together by synovial joints.
These ossicles vibrate with movement of the tympanic membrane, and
amplify and conduct the mechanical energy imparted to them to the
waters of the inner ear at the flexible, water-tight oval window (middle
ear/inner ear interface). At the anterior-medial aspect of the middle ear
cavity, the auditory tuberuns to the nasopharynx, permitting equilibra-
tion of air pressure between nasal cavity (outside) and the middle ear.
The internal ear, carved out within the petrous portion of the temporal

TECTORIAL MEMBRANE
AND ORGAN OF CORTI

ganglion s

... STRUCTURES

Contains
end_olymph

Comzk

perilymph
A

Deformed
hairs

COCHLEA
SECTION

Fluid vibrations (mechanical energy)
impulse

bone, consists of a series of interconnecting bony-walled chambers
and passageways (bony labyrinth: vestibule, semicircular canals, and
cochlea) filled with perilymph (extracellular-like) fluid. Within the bony
labyrinth is a series of interconnecting membranous chambers and
passageways (membranous labyrinth: saccule, utricle, cochlear duct,
and semicircular ducts), filled with endolymph (intracellular-like fluid).
The endolymphatic duct, derived from the saccule, ends in a blind sac
under the dura mater near the internal auditory meatus (see Plate 25).
It drains endolymph and discharges it into veins in the subdural space.
Within the coiled, membranous cochlear duct, supported by bone and
the fibrous basilar membrane, a ribbon of specialized receptor (hair)
cells exists integrated with supporting cells, both covered with a flexible,
fibrous glycoprotein blanket (tectorial membrane). This device (Organ of
Corti) converts the mechanical energy of the oscillating tectorial mem-
brane scraping against the receptor hair cells into electrical energy. The
impulses generated are conducted along bipolar sensory (auditory)
neurons of the VIl cranial nerve. (Continued on the next plate.)
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SPECIAL SENSES 99
AVBITORY & VESTIBULAR SYSTEM (B)  ymes e
CN: Titles with subscripts 1, 2, and 3 require new EndO'ygs;ilympn @@@‘

colors; all other subscripts (A-2) refer to titles and
colors used on the preceding plate, which should be
frequently referred to when using those same colors
on this plate. (1) Color the numerals with the appro-
priate color as you follow the sequence of events in
the simplified diagram to the right. See the previous
plate for the more accurate anatomical structure. (2)
Color the parts of the vestibular system concerned
with the maintenance of dynamic and static balance.

CONVERSIONW\

TO ELECTROCHEMICAL IMPULSES

(Schematic)

In review: the external ear collects sound waves and rifles them to
the tympanic membrane, which converts the sound energy into
mechanical energy. The linkage of ossicles increases the amplitude
of the energy and transmits the force to theoval window of the bony
labyrinth of the inner ear. Vibratory movements of thestapesin the
window are transmitted to the perilymph of the vestibule of the bony
labyrinth, creating wave-like motions of the fluid. These waves
spread throughout the vestibule, then enter and move through the
scala vestibuli of the cochlea to the helicotrema at the apex of the
cochlea (2%. turns) and on around to the scala tympani, which

Helicotrema \
N

/ Tympanic /

cavity @ {1‘

\ o ’
=\, 0

terminates at the round window. Here, fluid waves and vibrations are
dampened. The fluid motion in the scala vestibuli vibrates the roof of
the membranous cochlear duct, creating endolymph waves in the
cochlear duct. This motion stirs the tectorial membrane, which rubs
against and bends the hair-like processes of the receptor (hair)
cells, depolarizing them and inducing electrochemical impulses.
These impulses are conducted by the sensory neurons of the
cochlear division of the VIl cranial nerve. Stimulation of the hair
cells from the apex of the cochlea to the base produces a contin-
uum of increasingly high-pitched sound perceptions.

VESTIBULAR SYSTEM,/ BQUILIRRIVD

Veslibulocochlear
nerve (VIII):

Vestibular
branch

£,
t rear SECCULE, VTRICLE:
MAGUARE

' CELATINOVS LAYER:

AMPULLA:
CRISTA--
CUPOLAE -2

AR EELL w' @UELITH 3

NERVE FIBER:= // HAIR CELL w

g{g&@@@?om = NERVE FIBER 2
N

& SUEPERTINEG CELL
SEMICIBECULAR CRMAL «
SEMIGIRBCULAR DUETs

In review: the vestibular system is located in the inner ear. The bony semicircular
canals are oriented at 90° to one another. Within these canals are the mem-
branous semicircular ducts. Directly communicating with the utricle at one end,
each duct terminates at the other end in an ampulla. Within the saccule/utricle
and the ampullae are sensors responsive to fluid (endolymph) movement. Each
ampulla has a hillock of cells (crista or crest) consisting of receptor (hair) and
supporting cells. The hair-like processes of these receptor cells are embedded
in a top-heavy, gelatinous cupola (like an inverted cup). Movement of endolymph
in response to head turning, and especially rotation, pushes these cupolas,
bending the hair cells and causing them to depolarize, generating an electro-
chemical impulse. The impulses travel out the vestibular part of the V//I nerve to
the vestibular nuclei in the lower brain stem. When the body is rotated rapidly,
horizontal, oscillatory eye movements occur (nystagmus). These eye movements
N\ are mediated by ampullary sensory input to the brain stem. Such movements
represent the brain's attempt to maintain spatial orientation (by momentary visual
fixation) during head and/or body rotation. Sensations of rotational movement in
the absence of body rotation are called vertigo.

Within the utricle/saccule, hair cells and their supporting cells are covered with
a gelatinous layer in which are embedded small calcareous bodies (otoliths).
Movement of the endolymph induces movement of the gelatinous layer against
the hair cells, with responses identical to those of the ampullary receptors.
Receptor activity in the utricle/saccule is influenced by linear (horizontal and
vertical but non-rotational) acceleration of the body. Vestibular receptors have
strong neural connections with cranial nerve nuclei concerned with eye move-
ment and with postural motor centers.

LINEAR
MOVEMENT
(Static balance)

ROTATIONAL
MOVEMENT
{Dynamic balance)

Nerve
impulse

ﬁ_\é—\y Superior

Nerve
impulse

Posture

Posterior
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PERIPHERAL NERVOUS SYSTEM

CRANIBL WERVES

CN: Use light colors throughout. (1) Beginning with the

first cranial nerve, color the title on the left; the large Roman
numeral, the cranial nerve (cut), and the related function
arrow at lower left; and the Roman numeral and accompany-
ing illustration at upper right. The illustrations generally
depict target organs/areas. (2) Note carefully the direction
of the function arrows at lower left (sensory/afferent is

incoming; motor/efferent is outgoing). (3) The accessory O%r:g}‘ac"g‘ic

nerve (XI) has two roots: a spinal root and a cranial root
that travels with the vagus nerve (X).

Maxillary

CRANIAL WERYES:-
OLFACTERY ()
@ET0E (00
CEULEMOTER (000)u
TREEHLEAR (0W)w
TRIGEMIVAL (W)
RBLUCENS (W)v
FRGIARL 00w
VESTIBULQCEEHLEARR (W00
CLOSSORPHARYNWGEARL 023
VRAGUS (£5)

ACCESSORY E3)n
MY BLOSSAL (2300

Sensory
(Afferent)
nerve

& Motor
(Efferent)
n

O|tactory\ {
I bulb \\ L

AV 77

Ji Obtic
. chiasm/} (/4%

-N. intermed|u5\ i

\
/000w
\\r’/u
7)V WAL
/ i ?\ ./

¢ root Y

ANTERIOR-INFERIOR SURFACE
(Left brain, brainstem, and cerebellum)

Mandibular.

7
Vestibular branch

) ) See 70
Superior
oblique m.
Olfactory -
receptors
n
Lateral
rectus m

Muscles
of mastication 1
(motor)

Muscles
of facial
expression

Taste

Nl UDU receptors’

Salivary
glands

Cochlear

branch
AT oy,
-
T
=)
External Small i
\ ius m.
ear intestine Sternodleido-  112P€Z
mastoid m.

Cranial nerves | and Il are derived from the forebrain; all others arise from the brain
stem. V = visceral, referring to smooth muscle, glands, and organs with hollow cavities;
S = somatic, referring to the skin, eye, skeletal, facial, and skeletal muscles; A = affer-
ent or sensory, E = efferent or motor All motor nerves depicted include proprioceptive
fibers (sensory for muscle, tendon, and joint movement).

| VA: smell-sensitive (olfactory) receptors in roof/walls of nasal cavity.
Il SA: light-sensitive (visual) receptors in the retina of the eye.

Il SE: to extrinsic eye muscles (exc. lat. rectus and sup. oblique); VE: para-
sympathetic to ciliary and pupillary sphincter (eye) muscles via ciliary
ganglion in the orbit.

IV SE: to superior oblique muscle of the eye.

V  SA: from face via three divisions indicated; VE: to muscles of mastication,
tensor tympani, tensor veli palatini, mylohyoid, and digastric muscles.

VI SE: to lateral rectus muscle of the eye.

VIl VA: from taste receptors ant. tongue; SA: from ext. ear; VE parasympathetic
to glands of nasal/oral cavity, lacrimal gland (via pterygopalatine ganglion in
fossa of same name), submandibular /sublingual salivary glands (via subman-
dibular ganglion in region of same name); VE: to facial muscles, stapedius
(mid. ear), stylohyoid, post. digastric muscles.

VIl SA: cochlear part is sound-sensitive; vestibular part is sensitive to head
balance and movement (equilibrium).

IX  VA:from taste receptors post. one-third tongue; SA: from ext. ear and ext.
auditory canal; VA: from mucous membranes of posterior mouth, pharynx,
auditory tube, and middle ear; from pressure and chemical receptors in
carotid body and common carotid artery; VE: to sup. constrictor m. of the
pharynx, stylopharyngeus; VE: parasymp. to parotid gland (via otic ganglion
in infratemporal fossa).

X VA from taste receptors at base of tongue and epiglottis; SA: from ext.
ear and ext. aud. canal; VA: from pharynx, larynx, thoracic and abdominal vis-
cera; VE: to muscles of palate, pharynx, and larynx; VE: parasymp. to mus-
cles of thoracic and abdominal viscera (via intramural ganglia).

Xl Cranial root: joins vagus (VA to laryngeal muscles); spinal root (C1-C5): inner-
vates trapezius and sternocleidomastoid muscles.

X1l SE: to extrinsic and intrinsic muscles of tongue.






PERIPHERAL NERVOUS SYSTEM

SEINAL WERVES & WERYE S

CN: Useverylight colors for D through G. (1) Begin with the upper illustration.
Color all three pairs of spinal nerves as they emerge from the intervertebral
foramina (M). (2) Color the cross-sectional view in the center. (3) Color the
spinal nerve axons and the arrows representing direction of impulse flow.

SEINAL NERYE R@ET -
POSTERICR BEOTA
SENSORY Azs@Ws
CELL BODW
POSTERICR BEROT ERANGLICW»

AWTERIGR RBROOU:
MOTOR &S
GELL BV

SPINAL NERVE: RBAMUSH

Spinal nerves are collections of axons of sensory and motor neurons
located in or adjacent to the spinal cord. They are the spinal equivalent"
of cranial nerves. Spinal nerves arise from nerve roots that come
directly off the spinal cord. The spinal nerves and their roots are
arranged segmentally (from cervical to coccygeal) and bilaterally
along the length of the spinal cord. The central relations of these spinal
nerves/roots can be recalled in Plates 78 and 79. The spinal nerves
branch soon after they are formed into anterior and posterior rami.

Axons of sensory neurons that form the major part of the posterior root
are called central processes (see drawing of spinal nerve axons).

The cell bodies of these neurons form the posterior root ganglia and
are located in or near the intervertebral foramina, except for the sacral
and coccygeal nerves, whose ganglia are in the vertebral canal. The
peripheral processes of the sensory neurons join with the axons of
motor neurons to form the spinal nerves.

The cell bodies of the motor neurons are multipolar and exist in the
anterior horns of the spinal cord. Their axons emerge from the cord
to form the anterior roots of the spinal nerves.

The nerve roots join to form the spinal nerves in the region of the inter-
vertebral foramina. The nerve roots are progressively longer from cervical
to coccygeal regions because the spinal cord does not fill the vertebral
canal; it ends at the level of the 1st lumbar vertebra. Thus, some spinal
nerve roots are quite long, remaining within the vertebral canal before
reaching the lumbar, sacral, and coccygeal intervertebral foramina.

The collection of these long nerve roots forms the “cauda equina”

(recall Plate 77).

WERVE REET RELATIONS.-
VERTEBRA
BOBNg
AVINIAN
RBTIBULAR PROCESSK
VERTERRAL GCRANAGL
LRATERRL RECESS

IWNTERVERTEERAL FRORAME MM

Spinal nerves and their roots have fairly tight quarters. The relations of
these nerves and roots can best be appreciated in the cross-sectional
view. Nerve roots are vulnerable to irritation (radiculitis) from encroach-
ing, hypertrophic bone in the lateral recesses (degenerative joint dis-
ease), from bulging intervertebral discs (degenerative disc disease), or
from cysts, meningeal tumors, and so on. With compression of axons or
blood vessels supplying the axons, functional deficits can result (radic-
ulopathy: sensory loss. motor loss, and/or tendon reflex change).

84

F> See27,71,77, 86
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SPECIAL SENSES

TRSTE & CLFAGCUICN

CN: Use yellow for H and light colors for A, B, C, G, and |
(1) Do not color the taste buds in the circumvallate papillae
in the modified section at right. (2) In the lowest illustration,
color over the neurons within the olfactory bulb.

PARPILLAE--
CIRCUMVALLAT EA
HUNGIHEC RN
LR --

TRSUTE BUo+
PORE CANALE
RECEPTOR CELLF
SUPPORTIVG CELL .
WERVE FIBERH

Taste receptors (taste buds) are located within the
stratified squamous epithelial lining of the sides (moats)
of circumvallate, foliate (not shown), and fungiform
papillae on the tongue and, to a lesser extent, on the
soft palate and lingual side of the epiglottis. They are
not seen in the tiny filiform papillae. Each taste bud
consists of a number of receptor cells and their sup-
porting cells. The apex of this oval cell complex faces
the moat; here it opens on to the papillary surface via a
taste pore or pore canal. Dissolved material enters the
pore, stimulating the chemoreceptor (gustatory) cells.
The impulses generated are conducted along sensory
axons that reach the brain stem via the VII, IX, and X
cranial nerves (recall Plate 83). Taste interpretation
occurs at the lower reaches of the sensory cortex
(post-central gyrus). Basic tastes (sweet, sour, salt, and
bitter) notwithstanding, interpretation of taste, as a
practical matter, is a function of smell, food texture, and
temperature in association with taste bud sensations.

CLEACTION (SMELLL)--
CLEACSTEORY CGLAND:

CLEACTORY MUCCSAT Y/
CUFRCTORY WEUROM. e
OLERCTORY HARIR CILIR«  \Fpdf
SURPPERTING CELL ¢ A

OLEACTORY BULE w
OLEACTORY TREGCTU

Olfactory receptors are olfactory hairs or cilia (actually
modified peripheral processes) of olfactory bipolar
(sensory) neurons buried in the olfactory mucosa at
the roof of the nasal cavity. The olfactory mucosa also
has tubulo-alveolar olfactory glands that function to
keep the chemoreceptor endings clean and, along
with nasal mucous secretions, dissolve the chemicals

that are sensed by these receptors. The olfactory neu-

rons ascend the roof of the nasal cavity, through the
cribriform plate of the ethmoid becne, and their central
processes synapse with second-order neurons in the
olfactory bulb. The axons of these neurons form three
olfactory bundles (stria) as part of the olfactory tract,
terminating in the inferior frontal lobe and medial

temporal lobe. Here exists the neural basis for olfactory

relationships with memory, eating, survival, sex, and
other emotional behavior.

: ~ Epiglottis 1 00

Lingual See 83, 137
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CARDIOVASCULAR SYSTEM

BLOED & BLEED ELEWENTS

CN: Color P purpie, PP pale purple, O orange, PO pale orange, PB pale blue,
Rred, and T tan. Except for the latter, these colors match the stainsused to
observe these cells. First color the cytoplasm of the cell; if you don't have any of the
pale colors, leave the cytoplasm background blank. Then stipple the granules with
the darker color. The results should create a rough impression of the actual colors.

RETICULOCYTE

@G‘%"ZF‘U’%@@@W?’@@

(RED BLOOD CORPUSCLES) 6-8 um

Erythrocytes (RBCs; approximately 4.5-6.2 million per milliliter of blood
in men; 4-5.5 million/ml in women) are formed in the bone marrow.
There each cell loses its nucleus and most of its organelles prior

to release into the peripheral blood. Recently released immature
erythrocytes (reticulocytes) may retain some ribosomal RNA in their
cytoplasm; these granules appear dark purple and reticulated when
stained. Normally making up about 1% of the RBC population,
reticulocytes may increase in number during chronic oxygen lack
(e.g., at prolonged high altitude). The circulating RBC (without nucleus
or organelles, it is truly a corpuscle and not a cell) is a non-rigid,
biconcave-shaped, membrane-lined sac of hemoglobin, a large
iron-containing protein. Hemoglobin (12-16 grams/decaliter of blood
in women; 14-18 g/dL in men) has a powerful affinity for oxygen and is
the principal carrier of oxygen in the body; plasma is the other carrier.
Erythrocytes pick up oxygen in the lungs and release it in the capil-
laries to the tissues/cells. RBCs circulate for about 120 days until
defective and are then taken out of the blood and broken down

by cells of the spleen.

% THROMBOCYTES:

(PLATELETS)

Thrombocytes or platelets (150,000-400,000/ml of blood; 2-5 pm in
diameter) are small bits of cytoplasm from giant cells (megakaryo-
cytes) of the bone marrow. Circulating in the blood for a lifetime of

10 days or so, platelets adhere to injured endothelium and play a sig-
nificantrole in limiting hemorrhage (aggregation of platelets, blood
coagulation/clotting, and clot removal).

R o

Cytoplasm
i Nucleus
Granules

SRANVCARR
WEVWTREEPHIL.-

Segmented neutrophils (55-75% of the WBC popula-
tion) arise in the bone marrow and live short lives in
the blood and connective tissues (hours—4 days).
Immature forms (band neutrophils, 1-5%) may be seen
in the blood; their numbeis often increase in acute
infections. Neutrophils rapidly engulf foreign elements/
cellular debris; strong enzymes in specific granules
and lysosomes destroy them (phagocytosis).

EESIWEEHIL -

Eosinophils (1-3% of WBCs) exhibit colorful granules
when properly stained. Eosinophils are phagocytic in
immune reactions. They are involved in the late-onset
phase of asthmatic attacks (subsequent bronchial con-
striction), possibly enhancing cell injury by increasing
cell membrane permeability in the bronchial mucosa
to allergic substances. They also appear to limit the
expression of mast cell degranulation (histamine
release and effects) during allergic reactions.

BRSO PRI -

Basophils (0-1% of WBCs) contain dark-staining
granules. Basophils are known to degranulate in
allergic reactions, releasing histamine, serotonin,
and heparin. Such degranulation induces contraction
of smooth muscle, increases vascular permeability
(enhancing the effects of inflammation), and slows
down movement of white blood cells in inflammation.

=

=T 101

See 121,
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BRYTHROCYTES @94k
THROMBOCYTES ©-6°7.0%).r
CEUBOCYTES (@70

All constituents of the blood that can be observed as discrete
structures with the aid of the light microscope are called formed
elements of the blood. The rest of the blood is a protein-rich
fluid called plasma. When blood is allowed to clot, the cells
disintegrate (hemolysis) and a thick yellow fluid called serum
emerges. Serum is basically plasma less clotting elements. If
whole blood is centrifuged in a testtube, the RBCs will settle to
the bottom, the leukocyte fraction will form a buffy coat on top
of that, and the plasma, being the lightest, will take up the
upper 55% of the total volume. Packed RBCs in a test tube con-
stitute a hematocrit (40-52% of the blood volume in men; 37-
47% in women). The difference in blood values between men
and women is probably related to iron storage and metabolism
differences (men store up to 50% more iron than women). A low
hematocrit may be associated with anemia or hemorrhage.

LEUKOCYTES -

(WHITE BLOOD CELLS)

12-20 pm

W ONGEAINIIINARE
VN2 CICHVATIESE

Lymphocytes (20-45% of WBCs) arise from the bone
marrow and reside in the blood as well as the lymphoid
tissues (lymph nodes, thymus, spleen, and so on).
Lymphocytes generally consist of about 20% B cells
(short-lived cells from the bone marrow, concerned
with humoral immunity, transformation into plasma
cells, and the secretion of antibodies or immunoglobu-
lins) and 70% T cells (long-lived cells from the thymus;
may be cytotoxic, helper, or suppressor cells associ-
ated with cell-mediated immunity). Lymphocytes with
neither B or T surface antigens (less than 5%) are
called natural killer cells.

MEVCCYTE--

Monocytes (2-8% of WBCs) arise in the bone marrow,
mature in the blood (about eight hours), then leave
the circulation to enter the extracellular spaces as
macrophages. They are critical to the functioning of
the immune system, as they present antigen to the
immune cells, secrete substances in immune reac-
tions, and destroy antigens (see glossary). They
phagocytose cellular and related debris in wound
healing, bone formation, and multiple other cellular
activities where breakdown occurs.
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CARDIOVASCULAR SYSTEM

SCHEME OF BLOOD CIRCULEATICN

CN: Use blue for A, purple for B, red for C, and very light colors for D
and E. (1) Color the titles for systemic and pulmonary circulation, the
two figures, and the borders bracketing the large illustration. Also color
purple (representing the transitional state between oxygenation and
deoxygenation) the two capillaries, demonstrating the difference
between capillary function in the lungs and that in the body. (2) Begin in
the right atrium of the heart and color the flow of oxygen-poor blood (A)
into the lungs. After coloring the puimonary capillary network (B), color
the oxygen-rich blood (C) that re-enters the heart and is pumped into
and through the systemic circuit.

OLVTSEN = POCR BLOOD®A
CAPILLARY BLEODSs
CEYGEMN -~ (RIGH BLOLODC

2%

Capillaries
of the head, neck,
and upper limbs

PULMONARY
ARTERY

PULMONARY

VEIN
L. ventricle

Heart
muscle

SYSTEMIC
VEIN

Thoracic and
abdominal wall

c

SYSTEMIC
ARTERY

Gastrointestinal
tract
Pelvis and
A perineum

g ok . Lower limb

)

102

See 119, 150, 152

Circulation of blood begins with the heart, which pumps blood
into arteries and receives blood from veins. Arteriesconduct
blood away from the heart regardless of the amount of oxygen
(oxygenation) in that blood. Veins conduct blood toward the
heart, regardless of the degree of oxygenation of the blood.
Capillaries are networks of extremely thin-walled vessels
throughout the body tissu€s that permit the exchange of gases
and nutrients between the vessel interior (vascular space) and
the area external to the vessel (extracellular space). Capillar-
ies receive blood from small arteries and conduct blood to
small veins.

SYSTEIE
CIBBYERTIOW

Carbon dioxide,
waste products

Oxygen,
nutrients

POLONWARRY

. CIRCYUEATION:

Oxygen

Carbon dioxide

There are two circuits of blood flow: (1) the pulmonary circuit,
which conveys blood from the right side of the heart to the
lungs and fresh blood back to the left side of the heart, and
(2) the systemic circuit, which conveys blood from the left
heart to the body tissues and returns blood to the right heart.
The color red is used universally for oxygenated blood, and
the color blue is used for oxygen-poor blood.

Clearly, not all arterial blood is fully oxygenated (in the pulmo-
nary circulation, arteries conduct poorly oxygenated blood to
the lungs), and not all venous blood is oxygen deficient
(pulmonary veins conduct oxygenated blood to the heart).

Capillary blood is mixed; it is largely oxygenated on the arterial
side of the capillary bed, and it is largely deoxygenated on the
venous side, as a consequence of delivering oxygen to and
picking up carbon dioxide from the tissues it supplies.

One capillary network generally exists between an artery and
a vein. There are exceptions: the portal circulation of the liver
involves two sets of capillaries between artery and vein (Plate
119); the hypophyseal portal systeminvolves two capillary
networks between artery and vein (Plate 152); and the renal
vascular system has a glomerulus and a peritubular capillary
plexus between artery and vein (Plate 150).
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See 149

CARDIOVASCULAR SYSTEM

BLOODL VESSELS
CRARGE

CN: Use red for A, purple for B, blue for C, and very light colors for D,
F, and H. (1) Complete the upper left diagram, beginning with the large
arteries. (2) Color the blood vessels and their titles at the bottom of the
plate. Note that the vas and nervus vasorum in the fibrous tissue layer

ARTERIESA

Elastic
=~ conducting vessels

N

y MELIVRM A

Muscular,
distributing vessels

SMALL

LARGE
VEINS.-

Capacitance or
reservoir vessels

<)

- CAPILLARIES:

Larger capillaries are sinusoids

(H) are not colored. (3) In the diagram of venous valve action, the
blood in both vein and artery is colored gray.

Large arteries (elastic or conducting arteries), such as the aorta or
common carotid, contain multiple layers of elastic tissue. They are
roughly the size of a finger. Medium arteries (muscular, distributing
arteries), averaging the size of a pencil, are generally named (e.g.,
brachial). Diminutive branches of medium arteries are called small
arteries (arterioles); unnamed, they control the flow of blood into
capillary beds (resistance vessels). Capillariesare unnamed simple
endothelial tubes supported by thin fibrous tissue. Microscopic in
dimension, some capillaries are larger (sinusolds) or more spe-
cialized than others.

Veins get progressively larger as they get closer to the heart. Veins
have tributaries; except in portal circulations, they do not have
branches. Venules (small veins) are formed by the merging of capil-
laries and are basically of the same construction. Venules merge to
form medium veins, and these are the tributaries of large veins
(capacitance or reservoir vessels). Certain specialized large veins,
as in the skull, are called sinuses. The walls of these veins are thin-
ner than those of their arterial counterparts, and their lumens are
generally larger. Large veins can stretch significantly, becoming
virtual reservoirs of blood.

All vessels demonstrate a simple squamous epithelial (endothelial) lining
(tunica interna) supported by a thin layer of fibrous tissue (not shown). Most
medium veins of the neck and extremities have a series of small pockets
formed from the endothelial layer. These valves are paired and point in the
direction of blood flow. Though offering no resistance to blood flow, they will
bend into and close off the lumen of the vein when the flow of blood is
reversed. Valves resist gravity-induced blood pooling, especially in the
lower limb vessels. Venous flow here is enhanced by the contraction of skel-
etal muscles, whose bulges give an anti-gravity boost to the movement of
blood. The internal elastic lamina, a discrete layer only in medium-sized
arteries, assists in maintaining blood pressure; this tissue is more diffuse in
other vessels. The tunica media consists of concentrically arranged smooth
muscle fibers. It is well developed in medium arteries, least developed in
veins. Medium arteries use this layer in distributing blood from one field to
another. In arterioles, reduced to only one or two layers, the smooth muscle
can literally block blood flow into capillary fields. The external elastic lamina
exists as a discrete layer only in muscular arteries. The tunica externa
(adventitia) is fibrous tissue contiguous with the fascial layer in which the
vessel is located; within this tunica, much smaller nutrient vessels (vasa
vasorum) and motor nerves (nervi vasorum) are found. In very specialized
situations, the structure of small vessels may be specially adapted—e.g.,
the glomerulus, in Plate 149.

ARTERICLE

Vas
vasorum Nervus
X\ vasorum

CRAPILLRARY s

VESSEL -
TOWICR (WTERBNCY:

ENROTHELIVM »
INTERVWAL BLASTIC LAMINA:

TORINCR ERIE:
SMOOTH MUSCLE-
BRTERNWAL ELASTIC LRMINA:

TOWCR BRTERWAY:
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CARDIOVASCULAR SYSTEM 104
WERIASTIVOR, WALLS & COVERINGS OF THE NEART o050

MEDIRSTIOUW (. 1)
REIONS-
SUPERIORA
INFERICR-
ANTERIORe
MOPDDLE:  Menubrium o
POSTERIOR:

Inferior N

’!
Diaphragm vena cava

SAGITTAL VIEW

STRUCTURGEGS:

PERICARDIVIN>LINED HEARTE:

CREAT VESSELS -
SUPERICR VEWAR GV
PULMEONARRY TRV
PUCLMCONILRY ARTERY -
PULCWARY VEIWs
A ORICEARICE
THORARGIC ACRTA e

THYMOS v+
TERAECHEA:
ESOPHNAGUS.
VRAGUS WERWVE«
PHRBEMIC WERVEL

CORONAL SECTION
(Diagrammatic)

WARALLS OF THE
HBRRT / PERIGARRBE IV
ENBREAR DI
VNEICARIDI NI
WISCERHAL PERICARRIY™Io
PERICRRBDIAL CAVITY #+
PARICTAL PERIGARBGIVM a
FIBHOUS PERBICARPIVM

i R. common carotid a. /

CN: Use blue for F, red for G, and your lightest colors for A~D. (1) Begin
with the regions of the mediastinum at upper left and color over all the
structures within the dark outline. (2) Color the major structures within the
mediastinum in the anterior view. Note that the lungs, not being in the
mediastinum, remain uncolored. Note that the thymus, which can be seen
in the sagittal view, has been deleted here to show the great vessels cov-
ered by it. (3) Finally, color the walls of the heart and layers of pericardium
at lower left. The pericardial cavity has been greatly exaggerated for color-
ing. It is normally only a potential space.

/ \
L. common carotid a.

R.internal jugular v. | a ‘ L. internal jugular v.
P / - [=D )

R. brachiocephalic v. K L. brachiocephalic v.

-~ ST L
L. subclavian a.

/

Brachiocephalic a.
.o

PN T
2

' ",B'GHG' o L2

Inferior IO
vena HE-S G
T J‘:'

ANTERIOR VIEW
(Lungs retracted to visualize deeper structures)

4

3 cava
Diaphragm

The mediastinum (median septum or partition) is a highly poputlated region
between and excluding the lungs. A variety of passageways, nerves, and vessels
enter, pass through, and exit the mediastinum. For descriptive purposes, the
mediastinum is divided into the subdivisions (regions) illustrated. The superior
mediastinum is remarkable for the array of great vessels of the heart and the tra-
chea, esophagus, and vagus and phrenic nerves. At the level of the T4-TS verte-
brae (superior/inferior mediastinal border), the trachea bifurcates into the main
bronchi (see Plate 133) posterior to the great vessels, and the aorta makes its
arch. The posterior mediastinum includes the inferior continuation of the esopha-
gus embraced by a fine network of vagal nerve fibers, the thoracic duct (see Plate
121), and the descending (thoracic) aorta. The floor of the mediastinum is the
diaphragm, penetrated by the thoracic aorta, esophagus, and inferior vena cava.

The heart wall consists of an inner layer of simple squamous epithelium (endo-
cardium) overlying a variably thick myocardium (cardiac muscle). External to the
myocardium is a three-layered sac (pericardium). The innermost layer of this sac
is the visceral pericardium (epicardium), clothing the heart. At the origin of the
aortic arch, this layer turns (reflects) outward to become the parietal pericardium
(imagine a fist clutching the edges around the opening of a paper bag; now push
the fist into the closed bag still clutching the edges; as you do so, note that your
fist becomes surrounded by two layers of the paper bag, yet is not inside the bag
itself). The relationship of your fist to the two layers of the bag is the relationship
of the heart to the visceral and parietal pericardium. The cavity of the bag is
empty—the fist is not in the bag (if you did it right!). Similarly, the pericardial cav-
ity between the two pericardial layers is empty as well, except for serous fluid that
makes for friction-free movement of the heart in its sac.

The fibrous pericardium is the outer surface of the parietal pericardium; it is
fibrous and fatty and is strongly attached to the sternum, the great vessels, and
the diaphragm. It keeps the twisting, contracting, squeezing heart within the mid-
dle mediastinum.
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CARDIOVASCULAR SYSTEM

GHAMBERS OF THE HIEART

CN: Use blue for A-A%, red for H-H*, and your lightest colors for B, C, |,
and J. All dotted arrows (A“) receive a blue color; all clear arrows (H%)
receive a red color. (1) Begin with the arrows A“above the title list and
above the superior vena cava (A) in the illustration at upper right and color
the structures in the order of the title list (A—H3)4 (2) Color the circulation
chart at lower right, beginning with the arrow A4 leading into the right atrium
(numeral 1). Color the numerals in order from 1 to 4 and related arrows.

Do not color the chambers or the vessels in this drawing at lower right.

SUPERIOR VENA CRAVAA
IWEERICR VEWR CAVR A
RIGHT ATRIVM e

©
RIGHT VENMNTRISLE-.
AV TRICUSPID VALYVE:
CHERPAE TEWDINERE:
PRAPILLARY MUVSCLEF

PULMONARY TRV
PUL. SERICYNAR VALYE.
PUL. ARTERY:

— H%
PUCEMOWARY VEIW«
LEFT ATRIV:
Y
LEFT VENWTRIGLE:.
A=V BICUSEID MITERAL) VALVE:

CHORLPAE TEWRLINMEAE:
PAPILLARY RIVSCLE:

Y%

ASCENMNRING ACRURH
ROBTIC SEMILYNAR VALYVE
RORBTIC ARGH~:

THERAECIE RCRTA

The heart is the muscular pump of the blood vascular system. It
contains four cavities (chambers): two on the right side (pulmonary
heart), two on the left (systemic heart). The pulmonary “heart"
includes the right atrium and right ventricle. The thin-walled right
atrium receives poorly oxygenated blood from the superior and the
inferior vena cava and from the coronary sinus (draining the heart
vessels). The thin-walled left atrium receives richly oxygenated
blood from pulmonary veins. Atrial blood is pumped at a pressure
of about 5 mm Hg into the right and left ventricles simultaneously
through the atrioventricular orifices, guarded by the 3-cusp tricus-
pid valve on the right and the 2-cusp bicuspid valve on the left. The
cusps are like panels of a parachute, secured to the papillary mus-
clesin the ventricles by tendinous chordae tendineae. These mus-
cles contract with the ventricular muscles, tensing the cords and
resisting cusp over-flap as ventricular blood bulges into them dur-
ing ventricular contraction (systole). The right ventricle pumps oxy-
gen-deficient blood to the lungs via the pulmonary trunk at a
pressure of about 25 mm Hg (right ventricle), and the left ventricle
pumps oxygen-rich blood into the ascending aorta at a pressure of
about 120 mm Hg simultaneously. This pressure difference is
reflected in the thicker walls of the left ventricle compared to the
right. The pocket-like pulmonary and aortic semilunar valves guard
the trunk and aorta, respectively. As blood falls back toward the
ventricle from the trunk/aorta during the resting phase (diastole),
these pockets fill, closing off their respective orifices and prevent-
ing reflux into the ventricles.

105
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ANTERIOR VIEW
OF HEART CAVITIES
AND GREAT VESSELS
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CARDIOVASCULAR SYSTEM

CARBIAC CRNMPYCTION SYSTEM & THIE BB

CN: Use blue for D and red for E. Use a very light color for B so that the patterns
of dots identifying the segments (B—Ba) of the ECG remain visible after coloring.
(1) Begin at upper right and color the four large arrows identifying the atria (AZ)
and ventricles (Bs), as well as their titles. The atria and ventricles are not to be
colored. (2) In the middle of the page, color the stages of blood flow through the
heart, and related letters. These stages relate to voltage changes in the ECG
below. (3) Color the ECG and related letters, starting at the left and working to the
right. The parts of the ECG are related to the activity of the conduction system or
related myocardial activity. (4) Color the horizontal bar below the time line.

GCRNPUGCTION SYSTEWD--

SR SWEATRIAL) WODE A
DTER DAL FLRSTTIIRY »

B (RATTBIOVENM TTRIGHLAR) WOREs
AV BUNDLE/BRANCHES:!
PURKINIE PLEHEUS

Cardiac muscle cells contract spontaneously. They do not require motor
nerves to shorten. However, the intrinsic contraction rate of these cells is
too slow and too unorganized for effective pumping of the heart. Happily,
groups of more excitable but non-contractile cardiac cells take responsi-
bility for initiating and conducting electrochemical impulses throughout the
cardiac musculature. Such cells effect a coordinated, rhythmic sequence
of cardiac muscle contractions that result in blood being moved through
the cavities of the heart with appropriate volumes and pressures. These
cells constitute the cardiac conduction system. Impulses generated at
the sinoatrial (SA) node are distributed throughout the atria and to the
atrioventricular (AV) node by way of non-discrete internodal pathways.
Impuses travel from the AV node, down the AV bundle and its branches,
to the Purkinje plexus of cells embedded in the ventricular musculature.

L. atrium

BLOOD FLOW--
CRYBEBEW=POOR »
O GIENEIRICES

R. ventricle

ELECTHG CARDIOGRIAM
EeE- my

(Millivolt)

106

Superior
vena
cava

VENTRICLE

C@ W@W@ A? N \ \\

@@ (P=1R) SEEMEWT s- &

QRS CEIIPLEL >

ST SEEMENT 8°

T WAV(E s TIME (sec.) ? A3 & 24 o B3 .4.0

TP SEBRIGNT: i T T R ]
&— P-Q (R) INTERVAL — € QT INTERVAL >

The cardiac conduction system generates voltage changes about the heart,
some of which can be monitored, assessed, and measured by electrocar-
diography (ECG). An ECG is essentially a voltmeter reading. It does not
measure hemodynamic changes. Electrodes are placed on a number of
body points on the skin. Recorded data (various waves of varying voltage
over time) are displayed on an oscilloscope or a strip of moving paper.

The shape and direction of wave deflections are dependent upon the spatial
relationship of the electrodes (leads) on the body surface.

When the SA node fires, excitation/depolarization of the atrial musculature
spreads out from the node. This is reflected in the ECG by an upward deflec-
tion of the resting (isoelectric) horizontal line (P wave). This deflection imme-
diately precedes the contraction of the atrial musculature and filling of the
ventricles. The P-Q interval (P-R interval in the absence of a Q wave) reflects

conduction of excitation from the atria to the Purkinje cell plexus in the ven-
tricular myocardium. Prolongation of this interval beyond .20 seconds may
reflect an AV conduction block. The QRS complex reflects depolarization
of the ventricular myocardium. This complex of deflections immediately
precedes ventricular contraction, wherein blood is forced into the pulmonary
trunk and ascending aorta. The S-T segment reflects a continuing period of
ventricular depolarization. Myocardial ischemia may induce a deflection

of this normally horizontal segment. The T wave is an upward, prolonged
deflection and reflects ventricular repolarization (recovery), during which the
atria passively fill with blood from the vena cavae and pulmonary veins. The
QT interval, corrected for heart rate (QTc), reflects ventricular depolarization
and repolarization. Prolongation of this segment may suggest abnormal
ventricular rhythms (arrhythmias). In a healthy heart at a low rate of beat,
the P-Q, S-T, and T-P segments all are isoelectric (horizontal).
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CARDIOVASCULAR SYSTEM 107

CORONWARY ARTERIES & CARDIAEC VEBINS ﬂ

CN: Use your brightest colors for A, D, and L. (1) When coloring the arteries,
include the broken lines that represent vessels on the posterior surface of the
heart. (2) Do the same with the veins. (3) Color the artery in front of the plaque in
the circled view; color the vessel after the plaque a lighter shade of the same
color or do not color it at all.

Left
aorlic sinus
(Posterior)

ANTERIOR
VIEW

Pulmonary

.' ’ 7 ‘ Aorta /
= 7z

COBONARY ARTERIES-- e 1
BIGHT CORONARYA g vene

MUSCULAR BRAMGH A hntenon "‘ ~
MARGINAL BRANGCKs
POSTERIOR INTERVENTRICULAR

(CESCENBING) BRANGH: p 7 Ay
LERT CORONARY o
ANTERIOR INTERVEWNTRICULAR
(BESCENRING) BRANGHe .
MUSCULAR BRANMGHE T

trunk ==
= : Pulmonary
artery

g,

Left
atrium

o
CIRCUMEFLER BRANGCHF o
A
The coronary arteries form an upside-down crown (L. corona) about or just
deep to the surface of the heart. The arteries lie in grooves, or sulci, often Right
covered over by the epicardium and sometimes the myocardium as well. ventricle

Both leftandright arteries arise from small openings (aortic sinuses) just
above the two aortic semilunar valve cusps. Generally, the left coronary 4
artery is somewhat larger than the right; during the cardiac cycle, the flow =

rate through the left is greater in most people than that through the right. \} venicle
There may be considerable variation in the anastomotic pattern of the left Plaque E

and right arterial branches. These branches terminate in multitudes of X
arterioles supplying the vast capillary network among the muscle fibers.
The apparent multiple communications among the left and right coronary
arteries notwithstanding, varying degrees of vascular insufficiency occur
whenthere is significant obstruction of one or both coronary arteries. There
is some extra-coronary arterial supply to the heart from the epicardial ves-
sels (branches of internal thoracic arteries) and aortic vasa vasorum.

MVOGCARPIAL
IV EARGIEEOE

Damage to the intimal layer of coronary arteries can occur with lipid
"7y deposition or inflammation. Platelet aggregation at these sites contributes to
ANTERIOR / — ""/",'//"/ the formation of plaque (cell material, lipid, platelet, fibrin). Plaque builds up
VIEW L = within the vessels, forming thrombi that occlude the vessels in progressively
Z/h greater degrees. Significantly reduced blood flow to the myocardium
v (ischemia) can cause sharp pain (angina) to the chest, back, shoulder,
’/”'” and arm as well as permanent damage to the myocardium (infarction)

CARDIACG VEINS ..
CRERAT CARDIAEC Ve
MIPLLE CARPIAG W
MARGINADE Vot
ANWTERBICR CARDIAG Vs,
SMALL CRABBIRG Vs

CORONARY SINMVS.

The cardiac veins travel with the coronary arteries, but incompletely. Vast
anastomoses of veins occur throughout the myocardium; most drain into the
right atrium by way of the coronary sinus. Theanterior cardiac veins conduct
blood directly into the right atrium. Other small veins may drain directly into
the right atrium as well. Some deep (arteriosinusoidal) veins drain directly
into the atria and ventricles. Extracardiac venous drainage can also occur
through the vasa vasorum of the vena cavae.
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CARDIOVASCULAR SYSTEM

ARTERIES OF ITE HNEAD & WEEH

BRAGHIGCERPHALIC,

RIGHT SYUBCLAVIAM-
INTERNAL THORAEIG-
VERTEERAL,
THYROCERVIGAL FRUGIK:

INEERIOR THYROID-
SUPRASCAPVLAR.
TRARNSYERSE CERVICAL:
CESTEEERVIGAN TRUMES:
PDEEP CERVIGAL.
IGHEST INTERECOSTAL«

RIGHT CEMMO@N CARCTIDL

IWTERNAL CRROUIDM /
OPHNTHELICN

BETERNWAL CAROUID .
SUPERICR THYRO@I®-
CINGCGUAL «

FREIA
@ECIRPITAL s
ARSI TERVE
ALYEELAR BRENMNCHESS

108

See 109, 112

CN: Use red for A and dark or bright colors for B and L. ( 1) Begin
with the brachiocephalic (A) and the right subclavian (B) and its
branches. Color the broken lines that represent deeper vessels.
(2) Color the anterior view revealing the absence of the brachio-
cephalic artery on the left side. (3) Color the arrows pointing to
the four sites where the arterial pulse may be palpated.

PULSE SITES

QU ES® @@@OUI

MIBLLE MEWINGERLY

Frontal
branch Jf

Parietal
. branch

3 .

@O%@U U
T i
o

Splinous
processes
(C3, C4) .-

of carotid

i
Ascending
cervical a.
/

Dorsal
scapular a.

|y A
Superficial i J

cervical a.—%

.. Costal
- cartilage

PESTERICE AVBICYLRR w
SUPEREFEIGIAL TEMPORGL
TRAVSVERSE FAGIAGL

The subclavian artery is the major source of blood to the upper limb,
and it contributes vessels to the lateral and posterior neck and shoul-
der. On the right, the artery springs from the brachiocephalic; on the
left, the artery comes directly off the aortic arch, as does the common
carotid (see below). The vertebral artery dives deep into the neck to
enter the transverse foramen of the 6th cervical vertebra. It supplies
vessels to the spinal cord, brain stem, and cerebellum. The thyro-
cervical trunk arises just medial to the anterior scalene muscle (see
Plate 48) and immediately gives off its branches, the destinations of
which are obvious by name. The subclavian artery ends and the
axillary artery begins at the lateral border of the first rib.

The common carotid artery ascends the neck ensheathed with the
internal jugular vein and vagus nerve (not shown). Between the hyoid
bone and the upper thyroid cartilage, the artery bifurcates into inter-
nal and external carotid arteries. The internal carotid passes into the
skull, gives off the ophthalmic artery to the orbital region, and joins
the circulus arteriosus (Plate 109). The external carotid artery and

its branches supply all of the visceral, musculoskeletal, and dental
structures of the head and neck less the brain and orbit. The external
carotid divides into maxillary and superficial temporal arteries. The
maxillary artery is a major source of blood to the deep skull cavities,
the orbit, teeth, the muscles of mastication, and the dura mater (mid-
dle meningeal artery). The middle meningeal artery on the dura mater
immediately deep to the temporal bone is a potential site of rupture
with a hard fall on the side of the head (epidural hematoma).

LEFT SUBCLAVIAW ARTER Y
CEFT COMMOON CRROTUID Al

Esophagus

—~Trachea
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CARDIOVASCULAR SYSTEM

ARTERIES OF THE BRAIW

VT ERVAL GRAROTIDA
ANTERICR CEREBRAL:
ANTERICR CEMMUNIGCATING
MIDDLE CEREBRAL:
PESTERICOR COMMUMICATING =

109

See 108

CN: Use red for A and dark or bright colors for F and G. (1) Begin
with the diagram at upper right, coloring both A and F. (2) Then
color the diagram of the circulus arteriosus at left, beginning with
the internal carotid artery (A). (3) Then color the vessels in the cen-
tral illustration, relating them to the branches seen on the lateral
and medial surfaces of the cerebrum (at the bottom of the plate).

VERTEBRAL-
BOSILAR.
CEREEELLAR (@)
PESTERICR CERERRAL:

ARNTERICE SPINAG

(Anterior)

Olfactory
bulb

Optic
chiasma

CIRCULUS
ARTERIOSUS

(Circle of Willis)

Cerebellum
(cut surface)

Spinal
cord

(Posterior)

Inferior
orifice
of
carotid
canal

External
carotid a.

L. common |
carotid a.

cerebellar a.

“ Vth
~cranial nerve

\H Posterior inferior
cerebellar a.

VIEW FROM BELOW

The paired internal carotid arteries ascend the carotid canals (the
inferior orifices of which are shown in Plate 25) to arrive in the middie
cranial fossa just lateral to the optic chiasma. There each divides into
anterior and middle cerebral arteries. Small lenticulostriate arteries
come off the middle cerebral at right angles, supplying the basal
ganglia. These “stroke arteries” are commonly the ruptured vessels

in intracerebral hemorrhage, often resulting in at least partial paralysis
of the limb muscles on the side of the body contralateral to the hemor-
rhage. Note the distribution of the anterior and middle cerebral arter-

LATERAL SURFACE
(Left hemisphere)

ies on the surface of the cerebrum. Note in the central illustration how
the brain stem is supplied by vessels arising indirectly from the verte-
bral arteries, and how occlusion of one of these vessels, e.g., labyrin-
thine arteries, might be manifested. Note that the single direct
connection of the vertebral system and the carotid system is by way of
the posterior communicating artery. Yetthere is considerable variation in
the components of the arterial circle as seen angiographically, including
anomalies and severely narrowed vessels. More emphasis on the
branchings of the carotid and vertebral arteries is recommended.

Corpus

callosum 2
MEDIAL SURFACE

(Right hemisphere)
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ARTERIES & VEINS OF THE UPRER LGB

Internal jugular v.

Common
@@@@@ carotid a.
POINTS » <
P () &
Clavicle : m 3
Acromion //( ) ¢ AN .
ST s Y ) h
Coracoid /.. —— s - CN: Use red for brachiocephalic artery (A)
process e % 7 T % and blue for brachiocephalic vein (1). You
- B 4 can repeat colors except red and blue. Color
Humerus / iy - N 5 . . .
B, arterial pulse point arrows gray. Broken lines

represents the posterior surface.

Arteries of the upper limb generally lie deep among or within muscle fascicles.
The pulse of a few of the larger ones can be palpated (see large arrows). In
the event of hemorrhage, the arterial flow can be checked or slowed distally
by the application of compression at these sites. Collateral routes of blood
flow exist at many levels, a limb-saving reality in the event of the cessation of
flow in a large artery. Note the collateral routes between arm and forearm.
The arteries to the hand and wrist have been simplified for coloring.

< ARTERIES.-
N\ BRAGHIOCERMALIGA

SVEBELAVIAN:

ARILLEARY-
SUPERIOR THERAGIE.
THODAEO-BCROMIAL & BRANGCHES:
LATEBAL THORAGIGF
SVBSCARPYVLARE
BN POST, CIRCUMBLER MUYMERALH

BERAGCHIAL:
PREFUVMDA BERACHMIN & BRANGH.
SUEPEBRIGRE VLNAR COLLATER®Lx
IWEERIOR VLMAR COLLATERALL

Middle
collateral a. _\

Recurrent .

| BABIALw i
mlerosse?us a’ @@@U@Q—: @@@@@@@@fh‘ 38 ‘_t \
VLWARR 0

AWTe ULNWAR RBECURREN T
PeST ULWAR BECYRBENTa
GO INTEROSSEOUSR
SUPERFIGIAL PRLMAR ARCHSs
COMIMCRY PALMIAR BIGITALT

PEER PALMIAR ARG VEINS»

NTERIOR
DERSAL BIGITAL & NETWORI. et
BASILIC: D
ol /| MEDIAR Y OF FOREARM: u
3 CEPNALIG, S
MERIAN) GUEBITALE { 5,%0:/4;;9., ié;ﬁé&ﬁ
eaaemat: |f 3. W
RAWBILLRARY s |¢ ”:4,,002, ‘?-‘-’gamyg \0\%‘:5
SUBGLAVIAM ({41455, AP
BRACKICOGCERIHALIC: ,f/r i
The veins of the upper limb are variable in number and pattern. There are two sets of veins: = f§ g/,‘fo:‘,’;/l ;a a,‘)
deep and superficial. The deep set follows the arteries and is identically named—e.g., radial 1005 | ¥

artery, radial vein. Often traveling in pairs (venae comitantes), the deep veins of the hand, N
forearm, and lower arm are not shown on this plate The broken lines represent superficial
veins on the posterior aspect of the forearm. At the elbow, the veins within the boxed area

often are sites for blood sampling and administration of intravenous medication.
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ARTERIES OF THE LOWER LIRE
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\
/ Inguinal
i ligament

Descending

= L. common
iliac a. CN: Use red for A. (1) Work both views of the lower limb
simultaneously. Color the parts of the genicular artery (N)
asit forms a pattern around the knee joint. Also part of
2, that anastomosis, but not to be colored, are the circumflex

PULSE

; POINTS *

fibular and anterior tibial recurrent arteries. (2) The foot in
the posterior view is plantar flexed, with the sole showing.
(3) Color the arrows at the four pulsation points.

ABLEMINAL RAERTA A
BICHT COM@MON 1G0AC:
INTERNAL LIAC:
CBTURATOR
SUPERIOK GLUTEALE
IWFERIOR GLUVTERL -
BRTERWAR 061RC¢
SENTORIAIT
PROFUVWDE FEMOFRIS:
PERFORATING BRANCHES.
MERIAL CIBCYMELER CEMORAL
LATERRAL CIRCUMELEL FEMORAL.
PESCENRING BRAMGH v

Femur 7\
genicular a. /
,\ GEMICULARN
| PERLITEAR.
patlla | _apat ANTERIOR TIBIAL
nicular a. 3 é
ﬁ]a’[:;fg; | @@@@&&O@ @@@D@ Q genicular a. ! ges;/,gi;la(;la
genicular a. — /} @[}3@@ @?@ R Medial SN
. | Medial superior ‘
RN y LA PORSAL METATARSAL: = | - o
,: PDORSAL DIGITAL: od | goniiece
ibular a. 4 Jans b f
Iy Tibia genicular a. Ci 1l
PRSTERIOR TIBIAL f Ty
p 4 7 \ /
recg?rlglﬂ a 21 - i EU@Q’@@ v
” ‘marmbrane. MERIAL PLANTAR v .
\
| | LATERAL PLANTAR |
| | PLAONTAR AREH \ ;
i ! /
\ | PLANTAR METATARSAL: \ /
\\ PLANTAR DIGITAL 1. e j
|
\ / Medial
Only the major arteries are shown here. The artery of the thigh (femoral \ ‘ malleolus
artery) pierces the medial muscular compartment (adductor canal) to gain ! 4
| access to the back of the knee and leg. Because of the considerable muscle | ‘
| mass in the posterior thigh, the profunda femoris artery is quite large and its l Lateral
! branches are extensive. Note how the circumflex arteries contribute to the /! malleolus
{ anastomosis about the hip (femoral head and neck, hip joint). The blood supply (' AT\ B
A\ to the hip joint area can be compromised by congenital anomalies in the hip Wy ) ,{',)
j anastomoses as well as degenerative and traumatic processes. Gravitational
ANTERIOR / and weightbearing factors also can be important mediators in hip joint pathol- & "\ POSTERIOR
VIEW / w * VIEW
(Right li [ ogy. The genicular arteries form a significant anastomotic pattern about the { ® \ . :
ght limb) ! o ; L \ (Right limb)
knee joint and can be an important source of blood flow to the knee and below \ \

with an obstruction of the popliteal artery. The posterior tibial and fibular
arteries run in a fascial compartment deep to the gastrocnemius and soleus
muscles. The anterior tibial artery exits the posterior leg compartment through
the interosseous membrane and descends on the membrane’s anterior surface.

Q\ A
TR
1 -‘\\ ‘

Foot in
plantar
flexion
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AORTA & BRANCHES seo 0

CN: Useredfor A and light, bright colors for B, |, J, and L. (1) Color all posterior
intercostal arteries (K) under the thoracic aortic section, even though only a few are
labeled. (2) In the abdomen, note the location of the inferior phrenic, suprarenal, mid-
dle sacral, internaliliac, and externaliliac arteries, none of which will be colored. Also
note the inferior vena cava (stippled), which echoes the shape of the abdominal aorta.

Esophagus )

o o
AORTIC ARCH - f \
COROVARDY: e |
BRACKICCERHALIG: 2l 1 -
COMMBN BRARBOTID: R
SUVBCLAVIAN= intorcbstal .~ Sui
INTERNAL THERAGIG- pscenang /AT
SVPERIOR BRIGRASTRIC: mercosel A L VI B N Nl arcona
CESTEECEBVICAL TRUNIF. e~ ) mercos
CNBHEST (NTERCOSTAL:
intercostal

space
THERBAGCIC ACRTA~ space
BRONCHIAL:
ESORPRAGERAL .
POSTERIOR INTERCCSTA L«
\

RABDEMINAL ACRTA Esophagus:
CELIAG THUYMB. ntnor
LEFT GASTEICH n\
SELEMICH '
COMRBON HEPATIG. A
SUPERIOR MESENTERIG = T Uha: "™ .
RBEWA(L< \ il ;prare'a /i
TESTICULAR / OVARIAN: \ ‘

R

B Sl
LCOMBARSs i B

Arch

Descending
= part

Suprarenal

INFERIOR MESENTERICT and | N
@@@@@@@G@ U&G@@U Kidney:l "l

The branches of the aortiz arch are unpaired except for the
coronary arteries/sinuses. The branches of the thoracic aorta

are paired. The bronchial arteries supply the lung tissues with '"Jg;';’r

oxygenated blood. The visceral branches of the aorta may be cava |

paired (e.g., gastric) or not (e.g., sup. mesenteric). Parietal //

branches of the abdominal aorta (lumbar arteries) are segmen- !

tal and bilateral, in register with the segmental and bilateral ,i;

posterior intercostals and subcostals of the thoracic aorta. j VRO [:f

There are 9 intercostal spaces anteriorly (not shown) and 11 Eiﬁ;eé[;a, 4
:&\‘l\. Yoy &

These spaces are supplied by both anteriorand posterior . nternal”t
intercostal arteries. The posterior intercostals for spaces 1 and
2 are branches of the highest (supreme, superior) intercostal
artery from the costocervical trunk. The posterior intercostals for
spaces 3-11 come directly off the thoracic aorta. The subcostal
arteries (not shown) run inferiorly to the 12th rib, posterior to the
diaphragm. The paired first lumbar arteries (not shown) leave
the abdominal aorta immediately below the diaptragm. The
anterior intercostals arise from the internal thoracic artery for
the first 6 intercostal spaces; then the latter artery bifurcates |
into superior epigastric and musculophrenic branches. i

Branches of the superior epigastric artery anastamose with ANTERIOR VIEW

branches of the inferior epigastric artery (not shown), a poten- (Of body cavities) /
tially significant collateral pathway. The musculophrenic artery

supplies the lower 3 intercostal spaces.

posteriorly (because of the floating ribs 11 and 12, not shown). '
[
i
\ Femoral a.
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See 156

CN: Use red for A, and use the same colors for the celiac trunk (B), superior mesenteric artery (L), and inferior

mesenteric artery (Q) that you used for those structures on Plate 112, where they had different subscripts. (1)
Begin with the large illustration. Note that the two pancreaticoduodenal arteries (H, H') receive the same color.
(2) Color the upper illustration, which summarizes the three sources of blood supply to the digestive system.

RCRTA4

CBRIAGB TRYR(Ss
MEERATICS COMMOW/LEE T/ RBICM T
RICHT CASTRICH

GCASTHEORYCLDENALE: Vareers” (™ Taon
Bo GASTROERIPLOICF
Lo GASTROERIPLOICS e > o
PANCREATICODUCRENAL SUR): -
CYSTIG: Cagum colen
LEFT BRSTEIG.
THREE SOURCES OF
SPLEMIC DIGESTIVE BLOOD SUPPLY
The celiac trunk, the first single visceral artery off the
abdominal aorta, is a very short vessel that divides
immediately into arteries to the liver, spleen, and stom-
ach. Only the major branches of these three arteries are
shown here. Note the anastomotic pattern of arteries to
the stomach. The blood supply to the pancreas can be T= =N
better appreciated in Plate 156. == Pancreas
=\ AN
-~ . et /
2 W G, 2
Gall N iy - Kl [
bladder 0660009000 0006 00 DB )
SUPERICR MESENTERIG. = T e\
N N N\ g - =
PRNCREATICO®- 0 S
een 7
PYEOLENAL (00 ! P
U?/’DO@@(L@ @@&O@M Duodenum
Jei
@U@Gﬂ? @@Q:O@N Transverse e e
colon e ~Descending

ILE@-"COLIG o

BRANCHES T SROALL
IWTESTIWE»

The superior mesenteric artery supplies most of the
small intestine, the head of the pancreas, cecum, and
ascending colon, and part of the transverse colon. It
travels in the common mesentery. Notice the collateral
circulation between the celiac and superior mesenteric
arteries in the curve of the duodenum. The superior and
inferior mesenteric arteries also interconnect via a mar-
ginal artery that runs along the length of the large intes-
tine and is fed by both these arteries. The arteries to the
ileum/jejunum (cut short) run in the common mesentery.

/.

Ascending
colon

IWEERICFR MECSENTERIC.

LEFT COLIGR
SICGWEID BRANMNCHESS
SUPERIOE RECUALT

The inferior mesenteric artery supplies the transverse
colon down to the rectum. Its branches lie, for the most
part, behind the peritoneum (retroperitoneal); the vessels
to the sigmoid colon run in the sigmoid mesocolon. Note
the anastomoses between branches of the superior rectal
artery and those of the middle and inferior rectal arteries.

ne; (8

gr

Appendix

sigmoid mesocolon

Head of

pancreas Small

colon

“Common
M ‘mesentery
ML 5 N8

Internal | £
iliac a.

Cut edge of

Internal
pudendal a:

Middle '
rectal a. ! ANTERIOR VIEW

(Diagrammatic)

6| 1
N = V
Inferior l‘\‘@ :
rectal a.
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ABTERIES OF THE PELYIS & PERIMEUR

Middle
s|acral a. LS

L

CN: Use a light color for A. (1) Color the medial views of both pelves simul- Aorta .
taneously. Only the disposition of reproductive organs and their vessels varies
in these two views. (2) Color both halves of the dissected perineum seen from

below. The names of the male vessels can be seen in the medial view R. Sl:.ommon
iliac a.

UW@G@M@‘\& O&O@@A @@&WD@ '+ External

iliac a.

POSTERIOR TRV —
U@U@&@@@@@B ) intemusm,:_
SUPERIOR GLUTEAL: Medial \ffr':::;ﬁ“

LATERAL SACRAL sne * &7
ANTERIOR TRV P
UMBILICAL (FETEL)E+
SUR, VESIBAL /BeTO VASDEFer rune_
CBRTURATOR B | ,
VTERINEH ladder f W
VRAGINAL: ST e — o |
INEEERIOR VESICAL. STl f f U popliucemvs. o
MIPDLE RERTALK b
INEERIOR CLUTEALL \

The internal iliac artery supplies the pelvis and perineum, with some Posterior

collaterals from the inferior mesenteric and femoral arteries. Its SCiolalat

branches are usually organized into posterior (parietal) and anterior Spinal
(visceral) divisions. The vascular pattern here is variable; the one branch . |=
shown is characteristic. From the posterior trunk, the superior gluteal liac 5
passes through the greater sciatic foramen above piriformis. The branch ? g
inferior gluteal and pudendal arteries, from the anterior trunk, depart the -
pelvis through the lesser sciatic foramen below piriformis. Proximal to

the formation of these latter two vessels, the anterior trunk of the internal

iliac gives off four branches in both male and female. The first is the )
superior vesical (arising from the proximal part of the fetal umbilical umgﬁ;ilal
artery; when the umbilical cord is cut, the distal part of the artery atro- ligament
phies, forming the medial umbilical ligament; the remaining umbilical i % e )
artery becomes the superior vesical artery, supplying the upper bladder
and ductus deferens). The second is the obturator artery to the medial
thigh region. The third is the uterine artery; in the male, it is the inferior | .3 "
vesical artery. The vaginal artery comes off the uterine artery. The

arteries to the prostate and seminal vesicles (not shown) come off X
the inferior vesical artery. The fourth is the middle rectal artery. !

N &
Piriformis m.
7
Coccygeus m.

7

Greater
=3 sciatic
foramen

Uterus

FEMALE PELVIS
(Modified medial view, right side)

Vagina

Dorsal a.
of clitoris s

A.to

;'\ bulb @@@0 610@ QD@@ %

Ischiorectal /
fossa.__/ H)

CURLEMRAEL v
PERINEAL i/ BRANCHIESY
INFERICR BECTRL o

¢ // g" The external genital structures are supplied by the internal pudendal arteries, which pass
/ through the pudendal (fascial) canal alongside the inferior pubic ramus. The arteries (and

nerves of the same name) enter the perineum just medial to the ischial tuberosities. The

perineal arteries are significant in that they provide the vascular basis for erection of the

7 penis and clitoris in sexual stimulation. Superficial and deep external pudendal arteries (not

(Male) PERINEUM (Female) shown; branches of the proximal femoral artery) supply the skin of the genital structures.

Gluteus
maximus m. >






CARDIOVASCULAR SYSTEM

REVIGW OF PRINGCIPRL ARTERIES

CN: Use red for A The arteries are shown bilaterally in the limbs only. Note that the figure is
in the anatomical position, palms facing forward. (1) Using the preceding artery plates for
reference where necessary, start with A and color in the order listed. As you color each
artery, write its name next to the appropriate letter/number on each answer line. Use a pencil
(you may change your mind).

115

(See appendix A in the back of the book for answers)

A

ARTERIES OF THE UPPER LIMB

I|®|Mm|Oo|O|m

[,

ARTERIES OF THE HEAD AND NECK
K

L
M

ARTERIES OF THE CHEST
A

A1

W|D|IO|V|O|Z2

ARTERIES OF THE ABDOMEN AND PELVIS

NS IN(<|X|S|<|C|H| >
n

RTERIES OF THE LOWER LIMB

A
3
4
5
6
7
8
9

10
1
12
13
14

There is one pair of anastomotic vessels shown here that may be unfamiliar to
you: note that the internal thoracic arterybifurcates into the musculophrenic-
artery and the more medial superficial epigastric artery. This latter vessel
descends inthe sheath of the rectus abdominis muscle to anastomose with
the inferior epigastric artery. a branch of the external iliac artery. This collateral
path from the heart (indirectly) to the lower limb represents an important alter-
nate route for blood in the event of a seriously obstructing aortic aneurysm.
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VEINS ©F THE FHIESAD & NEB(S temspipe See 25,81, 82

External
3 cerebral v.

e (Bridging v.)
CN: Note the order of titles and their indentations. We begin with TR
titles of tributaries, indenting them above the vein with which they
merge or join. This order is in the direction of flow. It will hold for all
plates on the veins. Use lighter colors for the sinuses (A-K), repre-
sented in the lateral view by broken lines. (1) Begin with the venous
sinuses. When coloring the falx and tentorium gray, color lightly
over the vessels contained within (A, B, D, and E). Do not color the
superior cerebral veins that join the superior sagittal sinus (A).
The occipital sinus (K) is shown only in the lateral view.

SINVUSES OF DURE MATER--
SUPERIOR SAGITTAL SINUS A

IWFERICR SAGITTAL SINUSs
CREAT CEREBRAL Wic
STRAIGHT SINVS,

ﬁ@@@@@@@@@ @U@D@@E Confluence E

of sinuses

SIBMEID SINYS- Dipoc
SUPERIOK CRPHTHALMIC b s
CAVERNOUS SINUS » R _ R .
The veins draining the brain are tributaries of large venous channels (cranial

§@@@@U@@ @@f@@@@& @OU@@@I dural venous sinuses) in the dura mater. The external cerebral (“bridging”)
IWEERNOR PETROSAL SIS veins drain the cerebral surface and merge with the superior sagittal sinus.

They are known to rupture when excessive inertial loads are imposed on the
OCERIPITAL SINVS, brain (subdural hematoma). Two internal cerebral veins form the great cere-
bral vein; these drain the deeper hemispheres (subcortical areas). The con-
fluence of merging sinuses (occipital, straight, and superior sagittal) is
variable. The cavernous sinus offers significant collateral drainage of blood
from the brain. Other collateral veins include the diploic ancl emissary veins.

INTERIOR VIEW
RIGHT CRANIAL CAVITY

Emissary
vein

VEIWS OF HEAD & WIEGCHKS--
PrERBYECOID PLERUS.
U
RETEROMANVDIBVLAR
SUVREREICIAL TEMPERAL

POSTERIOR AVRICYLAR-
ANTERIOR IVGULAR o
BRTERMAL JVBYLAR -

BIGUINARE

PEEFP CACIAL r
CREIAL
LIMGBUALL v
SUEERFRIOR THYROID w
MIDELE THYROID
INTERVAL JUGULAR ¥

PEEP CERVICAL =
VERTEBRAL 1

RBIGHT SUBGCLEAVIAWN .
RIGHT BRACHIOCERHALIC

The internal jugular veins drain the venous sinuses, assisted by the angular
veins and the pterygoid plexus. The tributaries of the internal/external jugular
Glavicle veins are variable. The internal jugular travels in the same sheath with the
common/internal carotid arteries and the vagus nerve. The arrangement of
== tributaries of the brachiocephalic vein is similar bilaterally, except the left

B brachiocephalic vein is longer than the right (see next plate). Recall that
~—~ there is only one brachiocephalic artery (Plate 112).

LATERAL
VIEW

1strib
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CAVAL & ARVYEOS SVYSTEMWS /',(,\,.\\ See 119, 147

CN: Use blue for the superior and inferior venae
cavae (H, H‘). Note that a large segment of the

P

latter has been deleted to reveal the azygos vein //\
(N). Use bright colors for the first posterior inter- ( ("\
costal (D) and internal thoracic (F) veins, both of \\\g

which drain into the brachiocephalic. \,\)

SUPERIOR VERIA
CAVAL SYSTEMA -+
External

SUPERIOR THYROID 4 jugular
MIPLLE THYEOID s {

INTERNAL JOCUVLAR ¢ subclavian v, ™"

15T POSTERIOR INTERGOSTAL -
IWFERIOR THYROID:
IWTERUAL THOBAGIC

[0 8 Lo BRACHIO CEPHNALIG 0

SUPERIOR VENMR CAVAN

space

3rd rib ; L=
@ZW@@S ) lInterr:a: i = P
SYSTEM i 5

o

POSTERICR INTERBCOSTALY |
SURPERIORB IWTERGCOSTAL:

CUMBIAIRY
ASCENDINVNG LUMEBRR«
HEMIABYEOS (ACCESSORYIL
LIEMIRBYEOS v
ABYCOS

INFERIOR VENA AL
CAVAL SYSTER- Rk
COMMORM 1LIRE
TESTICULAR / @VARBIRW e
REMALa

HERARTIGR
CWFERIOR VENIR CARYAH!

The superior vena cava drains the head, neck, and upper limbs.

In addition, it drains the intercostal and lumbar regions by way of a
remarkable but irregular and variable collection of veins called the
azygos system. In conjunction with the veins of the vertebral canal
(vertebral venous plexus, Pl. 77), the azygos system (azygos, acces-
sory hemiazygos, and hemiazygos veins) provides a means of return-
ing blood to the heart from the lower limb and trunk in the event of
obstruction of the inferior vena cava.

{2
"\ External

The azygos and hemiazygos veins are derived from the merging of the .
-\ thac v

ascending lumbar and subcostal veins. The anterior intercostal veins
(not shown) drain into the internal thoracic veins. The inferior vena
caval (and azygos) systems have no major tributaries draining the
gastrointestinal tract, gall bladder, and pancreas. These viscera have
their own venous (portal) system (see Plate 119). However, note that
the liver is drained by hepatic veinsinto the inferior vena cava (IVC) /'
justbelow the diaphragm. Note that the lefttesticular/ovarian veins ‘ /
merge with the inferior vena cava on the right but with the renal vein <

on the left. Testicular varicoceles are more common on the left, owing K/w
in part to the venous back pressure created at this 90° angle intersec- (\/ ANTERIOR VIEW )

tion between the renal and testicular veins. (of body cavities)
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See 103

CARDIOVASCULAR SYSTEM

VEIWS OF THE LOWER LIME

CN: Use blue for P and light colors for A-C, the deep veins. Use dark
colors for the superficial veins (Q-V); they have been drawn with darker
outlines. (1) Begin with the deep veins and work both views simultaneously.
(2) After completing the superficial veins, color the main ones in each of the
small illustrations, but not the fine lines representing their tributaries.

DEER VEINS -
PLANTAR DIGITELA/METATARSAL '
DEER FPLANTAR VENOUS &RGCHs
MEDsc / LAETs PLAMNTAR ¢
POSTERICR TIBIAL
PORSALE
ANTERIOR TIBIALE
PERPLITEAL ¢
QAT ( MED. CIBEUMELER CEMECRAL «
PROFUNMDA FEMORIS:
FEMORBAL.Y
EETERNMAL 0LIAE «
SURPERICRL/INEERICR GLYTERL !
OBTVRETORM
INTERWAL 0LIAGH
BIGHT COMMCN) LIRS o

(WFERICR YVENWA GRVA .

SVURPEREICIAL VEINS -
DIGITAL: | WETATARSAL « .

DEBSAL VENMNCUS ARCH- ¥ ai B
LATERAL MARGIMNAL s
MERIAL MARBIMAL + !
GCREAT SARHENOUS. /’

SMALL SARPHNENOVSY W7

The flow of blood in the deep veins of the lower limb is \
generally an uphill course. In concert with gravity, prolonged |
horizontal positioning of the legs (and other conditions) can
result in slowed flow (stasis) in the deep veins, producing
venous distention and inflammation (phlebitis). Formation of
clots may follow (deep vein thrombosis), resulting in throm-
bophlebitis. In these conditions, fragments of clots may
become detached and released into the venous circulation
(embolism). The emboli continue up the venous pathway of
ever-increasing size, easily pass into the right heart, and are
pumped into the progressively smaller vessels of the lung,

Great
saphenous
vein
and \
tributaries \

y (anterior thigh) \\

where they become stuck (pulmonary embolism). M Medial
While deep veins generally follow the arteries (venae comi- I‘ ma”emus]
‘ tantes), superficial veins do not. They travel with cutaneous v m'j[‘eegf‘us
s nerves in the superficial fascia; many are easily visualized in A
ANTERIOR ‘ the limbs. The blood in these long veins has to overcome 7!| POSTERIOR
VIEW A gravity for a considerable distance, and their valves (Pl. 103) (Foo:’i'f:{amar
Do / i i i i I
(Of "03(‘;{;‘ ? /T often come under weightbearing stress. Happily, there exist flexion)

Lateral
malleolus

a number of communicating vessels (perforating veins, or
perforators, not shown) between superficial and deep veins,
permitting runoff into the deep veins, significantly offsetting
the effect of incompetent valves. Incompetent valves lead to
pooling of blood and swelling in the lower superficial veins,
with potential inflammation. In the chronic condition, the
saphenous veins and their tributaries can become perma-
nently deformed and dysfunctional (varicosities).

saphenous vein
and tributaries
(posterior leg)
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&9@‘{7‘0@ ‘U’@& @W@F@m See 102, 144

CN: Use blue for | and a dark color for J. ( 1) Color the veinsdraining the intestines, pancreas,
gall bladder, and spleen. There are both left and right gastro-epiploic (D, D‘) and gastric (G, G
veins. For the darkly outlined directional arrows adjacent to blood vessels, use the color of the
blood vessel. (2) After coloring gray the inferior vena cava () and its tributaries (#'), the tribu-
taries of the superior vena cava (¥2), and their directional arrows, color the three large arrows
(*3) identifying anastomotic sites (include the esophageal veins passing posterior to the heart).

HERPATIC PORTAL SYSTEWM -
SUPERICR RECTAL A

D@?@@O@@ U@@@@E@?@G’BU@ 8 HEART

CPERMGCRERT IS « e

Lo CARSTRO-ERIPLOIG v % sophageal v
SPLEMIC: EN Y

RBo GRASTRIO=ERPIPLOIC
SUPERIGR MESENTERIC -
(Bo BRSTRIG s
Lo GASTRIG
C¥STICH
PORTAL
HEPATIC Vs & TRIBUTARIES.:
I VENR CAVAx | TRIBYUTARY !
TIBIB @©F SUR VENR CRVA ¥2

ANASTOMOSES SITE © >

5 Ascending
7\ lumbar v.

Capillaries of the gastrointestinal tract, gall bladder,
pancreas, and spleen are drained by tributaries of the
hepatic portal vein. Within the liver, branches of this vein
(like those of an artery) discharge blood into capillaries
(sinusoids) surrounded by liver cells. These cells
remove digested (molecular) lipids, carbohydrates,
amino acids, vitamins, and iron from the sinusoids and
store them, alter their structure, and/or distribute them
to the body tissues (and, in the case of unnecessary
molecules or degraded remains of toxic substances,
the kidneys). The distribution process begins with the
selective release of molecular substances from the liver
cells into the small tributaries of the three hepatic veins.
The hepatic veins join the inferior vena cava (IVC)
immediately below the diaphragm.

INTESTINE
INTESTINE

The portal system of veins is so called because it
transports nutrients and other molecules from the first
capillary network in the intestines directly to the second
capillary network (sinusoids) of the liver without going
through the heart first.

Descending
colon

In certain diseases of the liver, the formation of scar
tissue blocks flow through the sinusoids. As a result,
blood begins to back up in the portal system. In the
chronic condition, the portal vein and its tributaries
enlarge significantly. The blood, seeking the path of
least resistance, finds collateral routes to the heart,
enlarging them (varices). These routes (noted by
arrows) occur by way of anastomoses between veins of
the portal system and veins of the inferior caval, supe-
rior caval, azygos, and vertebralvenous systems. Other
anastomoses exist via a number of retroperitoneal veins
and the umbilical vein (not shown). In the latter vessel,
irregular varicose veins can appear on the surface of
the abdominal wall (caput Medusae; see glossary).

Middle

rectal v.
Inferior
rectal v.
RECTUM
PORTAL VEIN

AND ITS TRIBUTARIES
(Anterior view, diagrammatic)
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CARDIOVASCULAR SYSTEM

BEVIEW CF PRINCIFPAL VEIWS

CN: Use blue for K and K. Superficial veins of the limbs are on the left and
deep veins are shown on the right. Only a few are shown bilaterally. Paims are
facing forward. (1) Using the preceding vein plates for reference where neces-
sary, start with A (right hand) and color in the order listed. As you color each
vein write the name of the vein in pencil. After completing the superficial veins
in the limbs, color through the deep veins, starting at the hand/foot. (2) Recall
that the deep veins travel with the arteries of the same name.

(See appendix A in the back of the book for answers)

120

VEINS OF THE UPPER LIMB

A H
B |
o] J
D K
E L
F M
G N
VEINS OF THE HEAD AND NECK
o
P
SUPERFICIAL DEEP
VEINS VEINS
VEINS OF THE CHEST 4 )
Q \
R E
S 'I
T )
\
lThorgco- )
VEINS OF THE LOWER LIMB epigastric vein \
Y T
Vv
w
X
AL Superficial veins
Z on the posterior aspect
1
2
3
4
5
6
7
8
9
VEINS OF THE PELVIS AND ABDOMEN
10 16
11 17
12 18
13 19
14 20
15 21

As all phlebotomists know, veins are extremely variable in size and location.
Deep veins run with arteries of the same name (though the direction of flow is
opposite); in the limbs, the veins are often paired (venae comitantes). Superfi-
cial veins have no companion arteries (our evolutionary progression would have
been severely shortened if this were not so); they do tend to travel with cutane-
ous nerves. In review, it should be clear that arteries have branches; portal
veins also have branches, but all other veins have tributaries.

Note that the internal thoracic vein and its tributaries are not illustrated. Note the
thoracoepigastric vein (P) between the lateral thoracic vein (tributary of the axil-
lary vein) and the superficial epigastric vein (tributary of the great saphenous
vein). It is a potential route of collateral flow for blood returning to the heart from
the lower limb in the event of an obstruction of the inferior vena cava.

DORSAL VEINS PLANTAR VEINS
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See 122, 126

LYMPHATIC SYSTEM e\
AT e ‘ N

LYPHOCYTE CIRBGYLATION i
CN: Use blue for H, red for |, purple for L, and green for M. (1) Color over the light '{ Jugulfr
Y5 trun

lines representing peripheral (superficial) lymph vessels (A). (2) Color each large step
numeral in the diagram below with the related titles. In the bottom diagram, do not ALinternal
color the lymphocytes circulating in and between the blood and lymph capillaries. jugular

f\ Broncho-

R. subclavian v. ’ - me?rlgglt(inal
SUPERFIGIAL DRAIWAGE-- A ARy e S,
PERIPHNERAL LYIMPE VESSELS: e
CERVICAL WEDEs
ATLLARBY WEDE s

IWEUINAL WEDEe:

PEER DRAINWABS-- by the right
LY MPHATIC TRV e et
CYSTERWMA CHYLIv
THORAGIE PVET:
RIGHT LYEN DUCT+

The body is about 60% fluid (by volume), which fills cells, vessels, and
spaces. Fluid requires circulation. Some of the fluid of the blood and some
lymphocytes leave the circulatory system and enter the tissue spaces.
Some of this fluid (lipids) and lymphocytes (lymph) are recovered by
thin-walled vessels (lymphatic capillaries) that formin the loose connective
tissue spaces. Unlike the closed-loop blood capillary networks, these tiny
vessels are closed at one end. They merge to form progressively larger
lymphatic vessels that drain into large veins in the neck. These vessels
constitute the lymphatic system. Certain lymphatic vessels enter and
leave lymph-filtering stations called lymph nodes.

Region-draining lymph trunks converge into a dilated lymph sac (cysterna LYMPHATIC DRAINAGE
chyl) lying deep to the abdominal aorta on the first lumbar vertebra. The

thoracic duct begins at the upper end of the sac, ascends the anterior )

surface of the vertebral column, and drains into the left subclavian vein at JBupehior,

its junction with the internal jugular vein. The right lymph duct terminates @
similarly on the opposite side. It drains the dotted area.

_ Lower
mtercolftal /]

Intestinal ~
trunk

Efferent
lymphatic

Thymus

QYMPHEOCYTE GCOREULRTIRW- -
CENERATIVE ORGANs
VEVOWS BLOED H
ARTERIAL BLeED»:
CHRRPHOID TISSUE v Bone
PERIPHERAL TISSVIE « marew
@@@B&&)W W@TTW©®ML Bone

Inferior

LYRPH VESSEL m vena
Ccava
LY ICH WEODE w :
; =
inci i SCHEME OF

Lymphqcytes are among the pnnc.:lpal cells of the |mmun§ systgm. .The LYMPHOCYTE CIRCULATION I){xrggrrg?ig
circulation scheme reveals the primary pathway for the dissemination of vessel
lymphocytes from their generative organs (bone marrow, thymus) into the T Lymphocyte Blood Peripheral
lymphoid tissues and organs as well as organs and tissues in general end /- I +4- Lcapillary K tissue cell

(peripheral tissues). Such a circulation pattern provides for maximum
exposure of lymphocytes to microorganisms and subsequent body
defense operations (immune responses).

Formed and developed in the bone marrow and thymus (1), lymphocytes

leave with the venous blood to enter the circulation. By way of arterial _
blood (2), lymphocytes enter the capillary networks of the lymphoid tissues

(3) and other peripheral tissues (4). The lymphocytes may remain in or

migrate from the lymphoid organs/peripheral tissues, entering blood

capillaries or lymph vessels. From lymph capillaries, the lymphocytes flow

E

with the lymph fluid into regional lymph nodes (5). Here they may become A,

. . P = Blind end
resident or they may depart the node and merge with other lymph vessels Venous = e e of lymph
to join the lymph ducts (6) that connect with the blood circulatory system. end |=—= = \;-‘ e = capillary







IMMUNE (LYMPHOID SYSTEM)

INTRORDUECTION

CN: Use green for D, the same colors for bone marrow (A) and thymus (B) used on

Plate 121. (1) Structures depicting mucosal-associated lymphoid tissue (E) are gen-

eralizations; more accurate representations can be seen on Plate 127. (2) The three
lymphocyte types have identifying letters drawn into their nuclei. Color over the
entire cell in all cases. (3) The various types of cells appearing in this section will
generally be identified by more descriptive letters/labels (e.g., PC = plasma cell).

Try touse the same light color foreach type wherever it appears on plates 122-128.

PRIMARY ORGANS -
BONME MARIBOW)A
THOYMUS e

The lymphoid system, the anatomical component of the immune system,
functions in defense against microorganisms entering the body as well
as the destruction of cells or cell parts no longer recognizable as "self."
Lymphoid tissues and organs are predominantly collections of lym-
phocytes and related cells (see below), often supported by a meshwork
of reticular fibers and cells.

The red bone marrow and thymus are primary lymphoid organs. The bone
marrow contains the precursors of all lymphocytes and disburses lympho-
cytesinto the circulation. It consists largely of great varieties of blood cells
in various stages of maturation, phagocytes, reticular cells and fibers,
and fat cells. Some of the lymphocytes mature and undergo structural
and biochemical revision (differentiation) in the bone marrow to become
B lymphocytes. Large lymphocytes enter the circulation from the bone
marrow and function as natural killer cells. Some partly differentiated
lymphocytes migrate via the blood to the thymus. There they become

T cells and differentiate further. Those cells then re-enter the circulation
and migrate to secondary lymphoid organs.

The thymus is located in the superior and anterior (inferior) mediastinum.
It receives uncommitted lymphocytes from the bone marrow The thymus is
actively engaged in T lymphocyte proliferation and differentiation during
embryonic and fetal life as well as the first decade of extrauterine life.
The thymus begins to undergo degeneration (involution) after puberty.

SECONDARY CRGANS --
SEPLEEW.
CYRPEH WELBLE o

MYECESAL ASSOGIATED
LYMEHEID TISSUE (:E0Lolde

TOWSILS /| ADENOIDS-
APPEMDOZSs

Secondary lymphoid organs are structures predominantly populated by
lymphocytes that migrated from the primary lymphoid organs. The struc-
tural arrangement of these organs ranges from encapsulated, complex
structures, like the spleen and lymph nodes, to a diffuse disposition of
lymphocytes throughout the loose connective and epithelial tissues of
the digestive system, if not all open cavities. These secondary organs
represent satellite sites for lymphocytic activation when challenged by
antigens. The spleen processes incoming blood. Its lymphocytes and
phagocytes react rapidly to the presence of microorganisms and aged
red blood corpuscles. Lymph nodes screen lymph from incoming (affer-
ent) lymphatic vessels, much in the same manner as the spleen pro-
cesses blood. Partly encapsulated, nodular masses of lymphoid tissue
(tonsils and adenoids) guard the pharynx, marking incoming micro-
organisms for destruction. Unencapsulated, variably sized, nodular
masses (follicles) of lymphocytes occur throughout the mucosal layers of
open cavities (primarily the digestive tract), as do more diffuse distribu-
tions of lymphocytes. These unencapsulated follicles and lymphocyte
collections constitute mucosal-associated lymphoid tissues (M.A.L.T.);
in the intestines, they may be called "gut-associated lymphoid tissues”
(G.A.L.T.). The vermiform appendix harbors multiple lymphoid follicles in
its mucosa. The density of lymphocytes and follicles of lymphocytes in
all these groups varies with the degree of immune responsivity required.

122

See 101, 121
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WATURAL GILLER CELL w
CHAGOCYTE -

Activated B lymphocytes (B = bone marrow-derived) differentiate
along specific lines, one of which becomes plasma cells. Plasma
cells secrete protein molecules called antibodies into tissue fluids.
Antibodies interact with and destroy antigens, a term restricted to
those molecules (free or attached to/are part of cells and micro-
organisms) that elicit activation of the B cells.

Early T lymghocytes (T = thymus-derived) differentiate into one of a
number of cells, including helper (TH), cytotoxic (Tc), and memory
cells (not shown). Activated by antigen stimulation, TH cells stimu-
late and regulate specific and nonspecific immune operations
against cells, without necessarily being assisted by B cells. Thus,
they are concerned with cell-mediated immunity. Tc cells kill cells
targeted by other T cells or lymphokines. Natural killer (NK) cells are
neither B nor T cells. They are not activated by other cells or lympho-
kines (they kill naturally). In association with Tc cells, they destroy
tumor cells and virus-infected cells primarily. Phagocytes are cells
that destroy antigen by phagocytosis. They function as antigen-pre-
senting cells (APC) for T cells; T cells, in turn, activate phagocytes.
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IMMUNE (LYMPHOID SYSTEM)

WERTURRL & AREQWIMEE IENYITY

CN: Use pink for IR and the same colors used on Plate 122 where
possible. Radial lines surrounding a cell indicate activation. All ele-
ments shown have been magnified and schematized for coloring.

MICROCRGAISN

MATVRAL I0AMUNITY.

ANATEMIC BRRRIER rea
COMPLEMENT .

PHAGOCYTE e
INELAMMETORY RBESPONSE &

Immunity is an anatomic and physiologic state of security against
disease. Natural immunity exists independent of any specific micro-
organismal interaction with a lymphocyte. Shortly before birth and fol-
lowing, one progressively acquires a specific immunity following each
lymphocyte's encounter with antigen and resulting activation. Phago-
cytes participate in both natural and acquired immunity; lymphocytes
participate in acquired immunity and enhance natural immunity.

Natural immunity operates indiscriminately against microorganisms
and degenerated cells/cell parts. Anatomic barriers (1), such as skin
or mucous membranes, physically resist microorganismal invasion.
Phagocytes approach their prey from the blood (2) or connective
tissues (3), engulf them (4, phagocytosis), and destroy them with
lysosomal enzymes (5). Complement (certain soluble proteins in body
fluids) bind to microorganisms, enhancing their phagocytosis. Tissue
irritation, e.qg., disruption by a splinter, induces an inflammatory
response that involves both natural and acquired immunity.

ACQRUIRED (WMVMNIT Y-

Acquired immunity involves diverse but specific lymphocyte responses
to the presence of antigen. A specific lymphocytic reaction to antigens
(immune response) is characterized by the activation and proliferation of
lymphocytes followed by the destruction of antigens. Two kinds of ac-

ANTICEW A
HUMORAL (RMUNIT Vs~
CYPROCYTE:
WIENCIRNICENNN
PLASMA CELL
AT (BB A

123

See 11,17, 18

NATURAL IMMUNITY

Inflammatory
response

Remains TR
of micro-
organism

Subcutaneous
fibrous tissue

- Dllaled _.—.-_’:'_:__\__—
capillary __— ————

quired immunity are possible, based on lymphocyte types: humoral im-

munity and cellular immunity. \nherent in both kinds of immunity are spe-
cificity and diversity of response, retention of cellular memory of antigen,
and the ability to recognize self from non-self among the body's proteins.

IWFECTEDR CELL i«
CELLVLAR IRDMONIT V-
T LYMPHOGCYTE T
MERICRY CELE T
HNELPER CELL (TW)w
CYTETERIG CELL (T&)w

Humoral (fluid-related) immunity is characterized by B lymphocytes
being activated by antigen (Ag) (1), proliferating, forming memory cells
(Bwm), secreting antibody (Ab) (2), and forming plasma cells (PC) (3),
which secrete antibody (4). Antibodies are complex proteins formed in
response to a specific antigen and attached to it at the antigenic deter-
minant site (5), facilitating its phagocytosis.

Cellular immunity is characterized by T lymphocytes (T)being activated
by antigens attached to antigen-presenting cells: phagocytes (P) (1).

Memory
cell

Most T cells differentiate into helper T lymphocytes (TH) and cytotoxic T
lymphocytes (Tc). Helper T lymphocytes (2) enhance humoral immunity
by activating B cells, augmenting the inflammatory response, activating
phagocytes with stimulating factors (lymphokines), and forming memory
cells (Tm). Cytotoxic T lymphocytes (3) bind to and destroy infected cells
and form memory cells. Memory cells recognize specific structural char-
acteristics of the antigens encountered (“memory”) and facilitate rapid
immune responses on subsequent exposure to those antigens.
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THY RS & RED MABREW T B waw
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CN: Useredfor G, blue for H, green for J. (1) Begin with red marrow
(A) at the bottom of the plate. Then color the red marrow (K) portion of
the newborn’s arm bone. Color the thymus section and the diagram-
matic description of lymphocyte maturation in the thymus. Note that the
borders of the diagram represent the cortex and medulla of the thy-
mus. Then color the schematic overview of thymic function. A—_=

Heart

NEWBORN

THYMUS -
CIBROVS SERTA b
CORTER«
VNBIFFERENTIATED LWrMPHOGCYTE v
IMWMATURE T CYRIPHOCYTE: R
MERVLLEF
MATURBE T LWWYRPHOCYTET
ARTERIRAL VESSELe
VEWeWS VESSEL «
SIHUISOLM
LRI VESSEL.

The thymus seeds the entire body with T lymphocytes, the protago-
nists of cellular immunity. It consists of two lobes of glandular tissue in
the anterior and superior mediastinum. The thymus is functional and
relatively large in the late fetus/newborn (15 gms), continues to grow
and function during the pre-teen years, and declines in size and
activity in the following years.

Phagocyte

T

DT e BB

The functional thymus consists of microscopic lobules partitioned by
fibrous septa containing blood vessels. Each lobule has an outercor-
tex dense with lymphocytes and a much less dense centralmedulla.
The epithelial cells of the lobule form a structurally supporting “reticu-
lar” network. Distinctive concentric rings of keratinized epithelial cells
(Hassal's corpuscles) are seen in the medulla; although associated
with degenerative signs in aging, they may support lymphocyte differ-
entiation. Arterial vessels bring undifferentiated lymphocytes into the lermic
cortex. The cells migrate into the medulla, showing signs of differ- SCHEMATIC OVERVIEW SYoutation
entiating into T cells. In the inner cortex, the cells are largely immature
(but committed) T cells. The medulla contains largely mature T cells.
These cells leave the thymus by venules (venous vessels) to enter
the systemic circulation. Some T lymphocytes enter lymph vessels
destined for mediastinal lymph nodes and beyond. The thymus also .
produces a number of factors (hormones) stimulating lymphocyte

differentiation.
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BREL MARROWA
LY OEHECYUE STEW CELE L
GREOWTH) FRSTORer
B QRPHOCYTEs
@@@D? @@&@Tp
NMATURAL CEI0LER CELL

Red marrow (recall Plate 20) is densely populated with a great variety
of blood cells in various stages of development. The supporting
framework of marrow is reticular fibers and cells. Fed by arterioles
from the nutrient artery of the bone, the capillaries within the marrow
are enlarged to the extznt of being small sinuses (sinusoids). They
reveal transient cytoplasmic “pores” for the immediate passage of
cells into the circulation. Among the developing blood cells are
lymphocyte precursors. These are stimulated to divide by certain
growth factors. The progeny of these cells are mostly small and some
large lymphocytes. B lymphocyte (B cell) maturation, natural kilter cell

———Compact

— bone
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"' LYMPHOCYTE PRODUCTION %
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AN
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(large lymphocyte) development, and pre-T cell development occur in elcigﬁ'af )\
the bone marrow. These lymphocytes enter the sinusoids and the - o
venous outflow to be distributed bodywide. NI (\ ' /






IMMUNE (LYMPHOID SYSTEM)

SPLEEW

CN: Use red for F and blue for H Continue
with the same colors as were used on preced-
ing plates for the cells. (1) When coloring the
schematic representatior: of spleen structures,
note the underlying brackets that designate
the structures fitting within the white pulp

and red pulp regions. (2) Do not color the
venous sinuses (G), in order to keep visible
the gaps and highly branched reticular cells
(lower illustration).

SEPLEEMNA
CREPSVLEA
TRAEBECULLA ¢
WERITE PULEp
CRRHEI® FELLIGCLE »
RED PUVLP:

BLOODL VESSELS--
ORTERYTF
ARTERICLE -
VEWoOUS SINWUSOID s+
VENVLE:
VE00W v

CERLES--
T LYMPCHECYTE r
OV 2 CICHhATIEY

MOTOTIG
LY EPHECY T EML

PRHAC@CYTEr
PLRASMA GELL r

Stomach
(cut)

Pancreas

Germinal

Gastric
surface

Splenic
artery
vein ™,

intestine

Colic
surface

Pancreatic
surface

SECTIONAL VIEW  C
(White and red pulp regions)

Peniciliar
arterioles
center [

A\ sheath

D Lo'e)
S & ST AR e s A

The soft, blood-filled, dark purple spleen lies posteriorly in the upper
left abdominal quadrant, just above the left kidney, at about the level
of the 11th and 12th ribs. It is generally about the size of your closed
fist. The capsule of the spleen projects inward extensions (trabecu-
lae) that support the organ and incoming/outgoing vessels. The

microscopic view of the spleen is complicated by the endless sea of
lymphocytes and phagocytes and, in this organ, red blood cells.

Small, downstream branches of the splenic artery travelin the fibrous
trabeculae; branching arterioles become enveloped in lymphocytes
(periarteriolar sheath) and branch among /ymphoid follicles. These
follicles, the arterioles, and their cellular sheaths constitute the white
pulp. The follicles enlarge with antigenic stimulation; large mitotic
lymphocytes (in various stages of cell division) begin to appear in
the central part of each follicle (germinal center) following stimula-
tion, creating a zone less dense than the surrounding, cell-packed
area. As the straight (penicillar) arterioles leave the white pulp, they
lose their muscular tunics to open into venous sinuses surrounded
by phagocytes. These sinuses appear to have gaps amidst the

‘ N
Splenic
cords

SPLEEN STRUCTURES
(Schematic)

irregular strands of splenic cords (highly branched reticular cells,
B cells, and plasma cells). Phagocytes hanging out among the
branches engage agedred blood corpuscles that slip out of the
sinuses. The sinuses and splenic cords constitute the red pulp.
The sinusoids drain into venules, the tributaries of trabecular veins.
These form the tributaries of the splenic veins.

Antibody production and phagocytosis are major activities of the
spleen. As blood flows into the arterioles of the white pulp, antigen
is greeted by phagocytes and myriad T cells, setting off cellular
immune responses in the periarteriolar sheaths. Snaking into the fol-
licles, the vessels are surrounded by B cells. Once activated by the
presence of antigen, B cells transform into plasma cells, and anti-
body is produced (humoral immunity). Systemic infection markedly
increases the output of lymphocytes, causing palpable splenic
enlargement (splenomegaly). Removal of the spleen (splenectomy)
is not a benign event. Absent splenic tissue, the body may have
reduced immune capabilities

125

See 122, 136, 147
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IMMUNE (LYMPHOID SYSTEM)

CTROPH WeODE

CN: Use red for M, biue for N, and green for O (if you have additional greens,
use them on J-L); continue using the same colors for the various cells. (1) Color
the circular insets identifying the dominant cell in the regions of the lymph
node. In the paracortex, note the small circles representing venules (NY).

LY RRPM NMODE A

CARPSULEA

TRARBECULA ¢
RETICVLAR WETWORGKS»
CORTE:

LY RPH FOLLIGLEZEF

GERMINAL CEBNTER s

MERVLLAH

PRRAGCORTENX:

YR VESSELS -
AFFERENT LYMPH VESSELY
W SINVS «

EBEEFERENT LMK VESSEL L

BLOOR VESSELS -

Peritrabecular
BRUVERY™M i
WEIW v VERWLE v c
E
I
H
Cervical n. Subclavian
A S~ vein F
SUPERFICIAL G
Thoracic K
~!- duct N
Axillary n. b Intercostal n. D N
A =, A Marginal  \ONSRSEHT HE/
T (subcapsular) "2 2 IS e
6— . - 'Y ..\ Cysterna Sinus =t = ?
= oo -~ chyli VS : P
: % y-m/'“‘ 7
. 1) =
i +Lumbar n. @ — A
1A A
o P ¢

fnguinal n.

Pelvic n.

The lymph node has a fibrous capsule from which trabeculae invade
the organ, dividing it incompletely into compartments. Fine reticular
fibers and cells spread out from the trabeculae to form a thicket of
interwoven branches throughout the node (reticular network). This
intricate weave of fibers supports the dense populations of lympho-
cytes throughout the node. Lymph percolates through parts of the
reticular network called lymph sinuses (only the marginal sinuses
appear to be endothelial lined). The reticular fibers in these sinuses
(1) form a spatial framework from which phagocytescan readily
engage antigens in the lymph flow.

The node interior is characterized by an outer cortex and an inner
medulla. The cortex reveals a group of particularly dense masses of
B lymphocytes (2, lymphoid follicles) existing among a more sparse
array of largely T lymphocytes in the interfollicular areas (3). In the
presence of significant amounts of antigen, the follicles develop
germinal centers; here are seen mitotic lymphocytes in varying
degrees of mitosis (4). The outer part of the medulla (paracortex) has
more diffuse arrangements of phagocytes, T cells, and some B cells
(5). The endothelial cells of the venules in the paracortex are special-
ized and provide lymphocyte homing receptors that influence the
localization of T and B cells within the node. The medulla contains a

See 121, 122
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SECTIONAL VIEW

concentrated array of interconnecting sinuses, with phagocytes and
plasma cells in significant numbers (6).

Lymph enters the nodes by afferent vessels with valves controlling
unidirectional traffic. As the lymph meanders through the throngs of
reticular fibers in the sinuses, phagocytes pick off the antigens and
present them to the T cells in the interfollicular areas. Activated B cells
in the follicles, facilitated by helper (Ty) cells, transform into plasma
cells and memory cells. The plasma cells and B cells secrete antibody
with receptors that bind a portion of the antigen (antigenic determi-
nant). Binding of antibody to the antigen facilitates destruction of the
antigen. Major stimulus promotes the formation of germinal centers.
Further immune activity occurs in the paracortical and inner medullary
areas. Lymph leaves the meduliary sinuses and the node by way of the
efferent vessels. Lymphocytes also enter the node by small arteries;
these cells can migrate into the sinuses from the venules while the
remaining blood leaves the node by veins

In summary, the lymph node is the site of both humoral-mediated (B
cell) and cell-mediated (T cell) immune responses to antigens in the
lymph. Palpable enlargement of cervical lymph nodes during an upper
respiratory infection, for example, gives testimony to the existence of
such mechanisms operative in the face of microorganismal invasion.
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ROBOSAL ASSCEIRATED (YAPHOID TISSUE (WAGT) ™™

CN: Use green for C and the same cell colors as you used previously. (1)
Begin with the representations of normal and inflamed tonsils, using pink and
red colors, respectively. Include the circular insets identifying the dominant
cells within the follicle and germinal center.

NORMAL TONSILS INFLAMED TONSILS

arch

Palatoglossal
arch

I E Surface
vascular

PRIMARY FOLLICLE A
GERMINERL CENTER &
EFFERENT LYMPH VESSEL .«

LYXMEPHEID CELLS--
MOTOTIC LYPHOCYT Em
PHAGCOCYTEr
LYMEPHOCYUE s
T Y MPROCYTET
PLASMA CELLx

ANWTIBODFay

AT OBEEM)ag

Unencapsulated lymphoid tissue abounds throughout the epithelial
and connective tissues of the body. This tissue may be represented by
mobile loose or dense collections of lymphocytes and/or phagocytic
cells. Single or multiple follicles (nodules) of organized lymphoid tissue,
as seen in lymph nodes and the spleen, also fit this category. These
nodules may disappear and then form anew in response to antigenic
challenge. These lymphoid cells/nodules in the mucosal (and sub-
mucosal) layers of the viscera, spanning several systems, constitute
"mucosal-associated lymphoid tissue” (M.A. L.T.). In the "gut,” such
tissue is called “gut associated lymphoid tissue” (G.A.L.T.). Skin-associ-
ated lymphoid tissue (S.A.L.T.) has also been described (see Langer-
han's cell in Plate 18). Here some examples of M.A.L.T. are presented.

TEWSIL» /INFLAMED TENSIL

Masses of primary lymphoid follicles surrounding infoldings of the
pharyngeal mucosa are called tonsils. Tonsils have no definitive lymph
sinuses; however, lymph capillaries can be seen draining into efferent
lymphatic vessels. With antigenic stimulation, inflammation of the tonsil
commonly occurs (tonsillitis). An inflamed tonsil is swollen, red (often
with streaks of vessels ranging across the mucosal surface), and pain-
ful. As the follicles are activated, germinal centers are formed, numbers
of Band T lymphocytes increase, phagocytes and plasma cells

% Inflammatory
cells
(phagocytes)

i Q@@«

appear, and antibody is produced. Considered a culturally accepted =1/t N/ =

“rite of passage” in the past, tonsillectomies are accomplished now INTESTINAL y 8 / B

only for good cause (obstructed airways, chronic infections). Tonsils/ SECTION f - _A

adenoids (M.A.L.T.) respond quickly to the presence of microorganisms, % p[mg 3 \// 7, Phagocyte
i i i i i S 2] Activated

either marking them for presentation to T cells or undertaking their = ! fo:ncle

destruction directly by means of antibodies.

PEYERS PRAUTCHES--

Aggregates of lymphoid follicles in the submucosa of the distal ileum
are called Peyer's patches. Seen sporadically throughout the intestine,
lymphoid follicles are more concentrated here. With antigenic stimula-
tion, these follicles increase in much the same manner as tonsils.

YERMIFORM APPEN®03 -

The vermiform appendix is a thin, tubular extension of the cecum
(large intestine). It contains a number of lymphoid follicles that extend
from the submucosa up to the epithelial lining of the mucosa. The
mucosa of the appendix experiences fairly frequent insults (tomato and
chile seeds, popcorn kernels, and ingested foreign matter), and inflam-
matory events are fairly common (appendicitis). The structure swells,
reddens, and is often quite painful. Classical immune responses occur
(formation of germinal centers, and so on). Because of the thin walls of
the appendix, inflammations induced by acute infections can rupture
through to the peritoneum (peritonitis). Surgical removal of the appen-
dix (appendectomy) is common. There is no evidence that depressed
immune activity occurs following appendectomy.

SECTION OF
APPENDIX

Phagocyte ﬁ
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HIV-INDUCED IMRVNOSUPPRESSION £

CN: Lo not color this plate until you have colored the previous

plates on the immune system (use the earlier colors for the cells Red blood =
) ! [

on this plate). See the glossary for explanation of new terms. \

(1) Begin with HIV infection and follow the numbered text as you

work down the page. The three cells at the top represent differ-

ent stages of a single cell. (2) Dotted outlines represent

destroyed structures. (3) Downward pointing, outlined arrows ; :
indicate a reduction in number or negative reaction; upward \/ Capillary
arrows equal increase in number o positive effect. HIV INFECTION V
H 2 cDa Cell Host cell
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EFFECTS ON IMMUNE SYSTEM

Human immunodeficiency virus (HIV) is a retrovirus that causes
acquired immunodeficiency syndrome (AIDS), a disease process in
which most parts of the immune system are affected at one point or
another. A retrovirus is an RNA virus containing the enzyme reverse
transcriptase, which converts RNA to DNA.This plate illustrates the
immunosuppressive effects of the disease process.

Free HIV or HIV-infected cells are passed from one person to
another by body fluids. Such transfer occurs predominant by sexual
contact or by injection. Once in the body, HIV infects cells with CD4
receptors (certain phagocytes and T cells) at a rapid rate, generally T T 3 P oC

inducing fatigue, fever, sore throat, and palpably swollen lymph @ ® 7@' @ @ @ @ @ @

nodes. Following a decline of symptoms, a period of latency (usu- H Ag

ally 2+ years) follows. HIV replication appears relatively subdued

during this time, and there may be no symptoms. But replication of @@[9@@?@@0@?{]@ U@OCE@@'E’U*Q
HIV continues in the lymphoid tissues and wherever mobile,

infected phagocytes take them. At some point, when the viral load (7). The viral mRNA translates large, virus-specific proteins that

is highly elevated and the competence of the immune system is are broken down by protease enzymes into structural proteins (8).
sufficiently compromised, a variety of non-HIV/non-HIV-infected Viruses are formed (9) from these proteins and then discharged
microorganisms proliferate in the body without adequate immune from the cell by exocytosis (10). The viral envelope is derived
challenge. These “opportunistic infections” may be viral, bacterial, from the cell membrane. The discharged HIV is infectious.

fungal, or protozoal in origin and can occur simultaneously. These Freed into the circulation, HIV attaches to CD4+ T cells (1). Some
infections ultimately kill the host. Current regimens of treatment can of the T cells are killed by the infection (2) and some survive, pump-
reduce the viral load and improve the quality of life, but ing out a continuum of HIV (3). Some infected T cells induce cyto-
do not eliminate the HIV infection. toxic T cells to destroy the virus (4). T cell destruction resuits in

In our example here, HIV is free and blood-borne. Note that (1) the reduced T cell-stimulated phagocytosis (5), reduced inflammatory
CD4 receptor of the lymphocyte is attached to the outer envelope responses (6), increased antigen (7), and decreased T memory
glycoprotein (GP) 120 of an HIV. Fusion occurs, mediated by the cells (Tm) (8). T and B cells (9) working together enhance B cell
co-receptor chemokine. The envelope is discarded as the viral core activity. With reduction of T cells, enhanced B cell activity (10)
enters the cell (2). The nucleocapsid is ruptured (3), freeing the viral decreases, as do B memory cells (Bm) (11), plasma cells (12), and
RNA and the enzyme reverse transcriptase into the cell cytoplasm. antibodies (13). HIV also infects phagocytes (14), kiling them indi-
The viral RNA is transcribed by the reverse transcriptase into provi- vidually or in fused cell masses (syncytia) (15). Surviving, infected
ral DNA (4). The proviral DNA flows into the nucleus of the cell and phagocytes (16) produce a continuum of viruses (17). The global
integrates with the host cell DNA (5). Once integrated (6), RNA effect of all these events, and more, is progressive immunosuppres-

polymerase transcribes the viral DNA segments into viral mMRNA sion and onset of opportunistic infections.






RESPIRATORY SYSTEM

QUERVIGW @F THE SYSTEW

CN: Useredfor L and light colors throughout. (1) Begin with the
structures of the respiratory system. (2) Color the cross section of
the trachea (D), including the respiratory mucosa (1). (3) Color the
magnified section of the mucosa in the lowest view.

NASERL CAVIT WA

PHAERYNES .

CRRYW

TRACHER»

PRIMARY BROMGHD e
BROWCHIAL TREE -

@o &@M@QG Lo CUNWE &

PIRCPHREGEM+

The respiratory tract conducts air to the respiratory units of
the lungs where it can readily be absorbed by the blood, and
it removes carbon dioxide~laden air from the air cells and
exhausts it to the external atmosphere. It develops and refines
sounds into potentially intelligible vocalization, and it helps
maintain the acid-base balance of the blood by blowing off
excess acid in the form of carbon dioxide. Nowhere in the
body does the outside world, with all its creatures of micro-
scopic dimension, have such easy access to the protected
interior cavities of the body as it does at the air/blood inter-
faces of the lung. The respiratory tract has both air-conducting
and respiratory (gas exchange) parts.

The air conduction tract includes an upper (nasal cavity,
pharynx, larynx) and a lower tract (trachea, primary bronchi
and bronchial tree). The upper tract is lined with respiratory
mucosa, except in the lower pharynx where it has a stratified
squamous epithelial surface. Except for the nose and pharynx,
the skeleton of the respiratory tract is cartilaginous down to the
smallest airways (bronchioles), where the cartilage is replaced
by smooth muscle. The parts associated with gaseous
exchange are the smallest bronchioles and alveoli (respiratory
units), which take up much of the /lung'svolume.

The muscular diaphragm provides much of the force neces-
sary for inspiration and expiration of air. One-quarter of that
force is generated by the intercostal muscles moving the ribs.

RESPIRATORY MUVCESA :

PSEVDLOSTRAUIFIED
COLUMNAR: ERITHELIVM

GERMIIMNER PEOCEDE «
BLOOD VESSEL .
GLANDMm

The mucosa of the respiratory tract is largely pseudostratified
columnar and (in the bronchioles) cuboidal epithelia with
mucus-secreting goblet (unicellular gland) cells and cilia. Here
excreted mucus traps foreign particulate matter, inhaled air is
hydrated (mixed with water), putting oxygen in solution, and
the air is heated from underlying vessels. The epithelial cells
are supported by a loose fibrous, glandular, vascular lamina
propria, replete with fibroblasts and cells of the lymphoid
system. Deep to this connective tissue layer is the supporting
tissue (bone in the nasal cavity, muscle in the pharynx, hyaline
cartilage in the trachea, larynx, and bronchi, smooth muscle in
the bronchioles, and thin fibers supporting the air cells).

/ 129

See 30, 134
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See 25

ELTERNAL WEOSE, VASAL SERTVYM & MASALEAVITY

CN: Use very light colors for H and I. (1) Begin with the upper
illustration. (2) Color the nasal septum and its structure in the
nasal cavities diagram. (3) Color the elements of the lateral wall
of the nasal cavity and relations in the lowest illustration.

ELETERNAL WESE.--
WASAL BOWE A
CARTILAGE OF WASAL SERTVUMW.
CRTERAL WRSAL CARTIEABGE
RLRR CABTILAGE v
FIBRO-CATTY TISSUE =

NRSAL SERTUM--
CRARTILAGE BF WASARL SBRTUM s
ALAR CARTILAGE

PERPENDICULAR PLRATE
OF ETHMOID BOWE -

VOMER BEWE s

WASAL CAVITY & RELATIONS --
NASAL BEOWE,
FRONTAL BOWE «
SPHENOIED BEWET
CRIBRICORM PLATE @©F CTHROID -
VESTIBULE OF WOSE v
SUPERICR COWGHA s
MO DLLE COWGHA «
IWEERBICR COMBSHR L
HARD PRLATE M
SEET FPALAUE ™
CRTERAL WIALL ox

The nose is a largely cartilaginous affair external to the skull proper. Its
orifices (nares, or nostrils) open into the nasal cavity of the skull, which
is a bony tunnel divided by a partly cartilaginous nasal septum. The
nasal cavity opens into the muscular pharynx through two bony-walled
posterior apertures called choanae. The nose, situated as it is in front of
the face, often receives the brunt of a facial impact. In such an event, it
is not unusual for the cartilage of the nasal septum (septal cartilage) to
break off from the perpendicular plate of the ethmoid This “deviated
septum” may obstruct air flow through the narrowed half of the cavity.
The skin-lined vestibu’e of the nose has long hairs (vibrissae) that serve
to discourage entrance of foreign bodies. The nasal cavity is carpeted
with a mucosal lining characterized by ciliated epithelial cellis that
secrete mucus and whose cilia sweep small particulate matter down
into the nasopharynx. The bony conchae (so called because of their
resemblance, in frontal section, to the conch shell) increase the surface
area of the nasal cavity, significantly boosting the local temperature and
moisture content. The inferior conchaon each side is attached to the
ethmoid bone by an immovable joint (suture); the superior and middle
conchae are part of the ethmoid bone. The spaces under the conchae
(meatuses) are open to paranasal sinuses (air-filled cavities), the sub-
ject of the next plate. Note that the roof of the nasal cavity (cribriform
plate) transmits the olfactory nerve fibers; resting on or near this plate
are the frontal lobes of the brain. Note that the floor of the nasal cavity is
the palate, which is also the roof of the oral cavity. The soft palate is a
muscular extension of the bony palate and plays a role in swallowing.

\%\\R\\\_’ \ .
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6‘7@3@@@@: AR @U@@@@@ Frontal / See 130, 132

Cut edge

CN: Use the same colors for the bones A and B, and conchae F, of concha

G, and H, that were used for those structures on Plate 130. (1) S,,‘,’Sae{;‘;f a .

Color the sinus drainage sites in the lateral wall of the nasal cavity. y 2~ Sphenoid
Include the edges of the conchae which have been cut away to Middle ) barie
reveal the meatuses and related drainage sites. (2) Color the coro- meatus

nal section. Note that it is a composite view, showing openings
into the nasal cavity that do not appear in any one single coronal
plane. Even so, this view cannot show the relations of the sphe-
noid sinus and opening, nor the mastoid air cells and the auditory
tube. (3) Color the lower drawings. Note that nasolacrimal duct
and the duct of the frontal sinus are shown on one side only.

BOIR SINVSES--
FRENTAL A
SEHEWOIDs (SINUS DRAINAGE SITES
@F% @@@U@ c nasal conchae removed)
M ILLARBY s
MASTOID e

NMASAL CONEHAE-
SUPERICR
WIIDPLE
S ERNOIRE

CRENMINVG OF AYDITERY TUBE r
MRASOLACRIMAL PUET .,
WARASALE SERTVM «

WASAL CAVITY L

The skull has a number of cavities in it. You are familiar with some
of them (mouth, nose, external ear, orbits), but perhaps not so
familiar with others. The frontal, sphenoid, maxillary, ethmoid, and
temporal bones have variably sized cavities, all of which directly
or indirectly communicate with the nasal cavity. These are the
paranasal air sinuses, to be distinguished from the venous
sinuses of the dura mater. These air sinuses serve to lighten the
skull and they add timbre to the voice. They are lined with respi-
ratory-type epithelium, which is continuous with the epithelium

of the nasal cavity. The mucus secretions from these epithelial lin-
ings pass down canals and enter the nasal cavity just under the
conchae (meatuses). Their specific drainage sites are indicated
by the arrows. Should these passageways become blocked by
inflammation and swelling, pressure builds within the sinuses to
a point where considerable pain can be experienced (sinusitis,
sinus headache). Agents that constrict the blood vessels (decon-
gestants) help to reduce the swelling and reestablish proper
drainage. The mastoid air cells, in the mastoid process of the
temporal bone, drain into the middle ear (tympanic) cavity, com-
municating by way of the auditory (pharyngotympanic) tube with
the nasopharynx just posterior to the nasal cavity. The nasolacri-
mal duct receives secretions from the lacrimal gland, which func-
tions to keep the covering (conjunctiva) of the eye globe moist.
Tears drain into slits at the medial aspect of the eyelids, which

open into sacs that narrow into the nasolacrimal ducts. These PARANASAL SINUS AND DUCTS
ducts pass downward along the lateral walls of the nasal cavity
and open into the meatus of the inferior concha on each side—
and that is why one blows one’s nose after crying.
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PHARBYIES & CARFRVRIRS

CN: Use dark or bright colors for N, O, and Q. (1) Begin with the over-
view diagram in the upper right corner. (2) Complete the large com-
posite sagittal section (do not color the arrows representing air flow).
Take note of the surrounding structure as a frame of reference (not to
be colored). (3) Color all six laryngeal views simultaneously.

PHARYNIES
NASCPHARY W3 s
PHARYNGERL TeWSIL

OROPHARY NS »
PRALATINE TONSIL &

CRARVYNEEPHARBTN -

The pharynx is an incomplete tube of mostly skeletal (constrictor)
muscle and fibrous tissue, appearing to hang from the edges of
the choanae (posterior nasal apertures) at the base of the skull.
Posteriorly, it is supported by fascia in front of the sphenoid bone
and the upper six cervical vertebrae. It is the posterior and inferior
continuation of the nasal cavity; it is open to the oral cavity
anteriorly. Inferiorly, it continues as the esophagus behind and

the larynxin front. Most of pharynx is lined with stratified squamous
epithelium, except the nasopharynx (respiratory lining). Coordi-
nated muscular activity in the pharynx underlies the mechanism

of swallowing (deglutition).

Masses of partially encapsulated lymphoid tissue incompletely
encircle the nasal and oral openings into the pharynx (Waldeyer's
ring)—i.e., at the opening of the auditory tube (tubal tonsils), at the
roof of the nasopharynx (adenoids), between the palatoglossal and
palatopharyngeal pillars (palatine tonsils; see Plate 137), and at the
posterior tongue (lingual tonsils). See tonsil function in Plate 127.

HYEIB BEWEe

LRRYRIES «
CRARYNGEAL CRAVITY v
EBRIELOT TS
THYRCID CRARTILAGE.
THYRE HTYOID MEMBRARME «
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CRICOTHVROID LIBRMEIU m

ARV TENEOID CARTILAGE v

CORNMICULATE CARTILAGE o

VESTIBULAR Fotbr
VeEAL FELD q
RME GLET TIS & +

The larynx provides a mechanism for sound production, manipu-
lation of sound waves, and protection from inadvertent aspiration
(inhaling) of solid matter. The larynx is supported by a framework of
hyaline cartilage connected by ligaments. Although associated with
the larynx, the hyoid bone is not a laryngeal structure.

The thyroid cartilage is composed of two laminae that together are
V-shaped when seen from above. The arytenoid cartilages articu-
late with the top of the cricoid, pivoting on it. The vocal folds are
mucosa-lined ligaments stretching between thyroid and arytenoid
cartilages. They are abducted/adducted by the movement of the
arytenoid cartilages. In breathing they are abducted; in coughing,
they are momentarily fully adducted (closing the rima), permitting
intrathoracic pressure to build; opened rapidly by abduction of the
folds, the rima experiences hurricane-force winds from the depths
of the respiratory airway (explosive cough). During phonation, the
vocal folds are generally adducted, varying somewhat with pitch
and volume. The vestibular folds (false vocal folds) are fibrous
and move only passively.

132

Frontal See 139
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LOBES & PLEVRARE OF THE LUVGS see 2 0,10

CN: Use bright colors for A-E, very light colors for F and G, and a reddish-brown
color for H. In all of the illustrations the thickness of the pleurae (F and G) has been
enlarged for coloring purposes. (1) Begin with the anterior view. Note that the ribs and
intercostal muscles have been removed (see Plate 50). Sections of the pleurae have
been stripped away and separated. The potential pleural space is between these lay-
ers; in the coronal and cross sections, this space is drawn as a dark line and not as a
structure to be colored. Similarly, the title is left uncolored. A small section of the pari-
etal pleura has been cut and pulled away to reveal the underlying visceral pleura and
a portion of the costodiaphragmatic recess below the lung superficial to the
diaphragm. (2) Color the coronal view, noting the left crus of the diaphragm and the
cardiac notch of the left lung. (3) Color the cross section of the lung lobes and pleurae
(as seen from above), noting the vertebral level and the roots of the lungs.
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The lobes of the lungs are largely enveloped in visceral pleura, a reduction of total lung capacity. The serous fluid maintains sur-

thin serosal membrane that turns (reflects) off the lungs at their face tension between the pleural surfaces (resisting separation
roots to become the parietal pleura, which lines the inner surface of visceral and parietal layers in contact with one another) and
of the chest wall, the lateral mediastinum, and much of the dia- prevents frictional irritation between moving pleural membranes.
phragm. These serous membranes are in contact with each During quiet inhalation, the inferior and anterior margins of the

other, separated by a thin layer of serous (watery, glycoprotein) visceral pleura-lined lungs do not quite reach the parietal pleura,
fluid. The interface of these membranes is potentially a cavity or leaving a narrow space or recess—i.e., the costomediastinal
space (pleural space/cavity). With certain diseases, the space recess between the rib cage and the mediastinum (not shown),
is capable of expanding to accommodate increasing amounts of and the costodiaphragmatic recess between rib cage and

fluid (pleural effusion) at the expense of the lung, resulting in a diaphragm (see coronal section at lower right).
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LOWER RESEIRATORY THACT see 133
TRACKHER:, AAINERIMARY BRONCHUS: LOBRR (SEG) BROMNCHYS:
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) CN: Save blue for H, purple for |, and red for J (in the respiratory unit below). (1) Use ten «
b?ér::;:‘Ss / different colors for both lungs, and key those colors to the ten segmental bronchi of each ‘\.«‘ b'—- mi'” |
lung. (2) Below, use the same color as above for the 7th segmental bronchus. Use one P
Upper light color for the alveoli (G ') and the alveolar sacs (G). Note in the gas exchange diagram /
lobe that red blood cells in the purple capillary (F) receive three different colors according to \\ Upper
Recter their stage of oxygenation. A lobe
the lung B . . X . = / )_(— IEST:J:Q
The lower respiratory tract consists of the trachea and the bronchial tree, includ- i )
Nl"dbd'e ing the respiratory units that are engaged in gaseous exchange. The lungs are | RS
228 divided by connective tissue septa into triangular-shaped, surgically resectable / \

anatomical and functional units called bronchopulmonary segments, each !
served by a segmental bronchus, supplied by a segmental artery, and drained
by segmental veins and lymphatics. Segments are of special significance to
those interpreting lung sounds by stethoscope (auscultation) or listening to the lobe
sounds coming from the lungs when the chest wall is tapped (percussion). By

such methods, sites of alveolar dysfunction/disease and levels of abnormal
accumulations often can be determined.
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(diaphragmatic)
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Within each bronchopulmonary segment, a segmental bronchus branches into sev-
eral bronchioles (less than 1 mm in diameter, supported by smooth muscle instead

¢ Tertiary
= segmental

ronchus

Contiguous

of cartilage). These bronchioles give off smaller terminal bronchioles, characterized basal laminae
by ciliated cuboidal cells without glands. The terminal bronchioles represent the end — \ gH Caxiallnary

of the air-conducting pathway. Each terminal bronchiole divides into two or more wall
respiratory bronchioles, characterized by occasional alveolar sacs on their walls. .
Each respiratory bronchiole supplies a respiratory unit, which is a discrete group of G
air cells (alveoli), arranged in alveolar sacs, fed by alveolar ducts. Extending from its
source bronchiole, each respiratory bronchiole has more and more alveolar sacs,
terminating as an alveolar duct opening into alveolar sacs. The walls of the air cells,
composed of simple squamous epithelia supported by thin interwoven layers of
elastic and reticular fibers, are surrounded by capillaries that arise from pulmonary
arterioles and become the tributaries of pulmonary venules. The walls of these capil-
laries are fused to and structurally similar to those of the alveoli. Oxygen and carbon
dioxide rapidly diffuse, on the basis of pressure gradients, through these walls.

Carbon
dioxide

cas G
EXCHANGE

Red blood
corpuscle
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RESPIRATORY SYSTEM

HECHANISI OF RESPIRATION

diagram. Color the diaphragm, its location represented by
broken lines. (2) Color the expiration illustration and the bucket
handle analogy. (3) Finish with the illustration at far right.

CN: Use light colors throughout, except for a bright or dark
color for E. (1) Begin with the illustration at far left (inspiration);
note that the thoracic wall (A) is shown only in the far right

THORAGIC WRLL A
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See 30, 50

B & CESTRL CARTILAGE:

STERNMV

THERACIE VERTEBRAE.

MVUSCLES ©F
ISERIRAT IO /-
BDOREPHREGERD &
ERTERWAL INTERGCOSTAL

SN &0
L BLEWy
\ Atmospheric
pressure

\ = \\\\“ AN TN W
) {5\\ Y/

N,

The mechanism of respiration makes possible treathing, which
consists of inhalation (inspiration) and exhalation (expiration)
phases. The physical principle underlying air movement in/out of
the thorax is the inverse relationship of pressure and volume (as
one goes up, the other goes down). Volume changes within the
thorax alter the intrathoracic pressure 1-2 mm Hg above/below
atmospheric pressure (outside the body) in quiet breathing—

INSPIRATION

enough of a change to move about 500 ml of air with each breath.

The thoracic diaphragm accomplishes about 75% of the inspira-
tory effort, the external intercostals 25%. Expiration is largely
diaphragm and external intercostal relaxation/stretch, and

lung elasticity, with some help from the internal intercostals. In
inspiration, contraction of the diaphragm flattens the muscle and
lowers the floor of the thorax, increasing the vertical dimension
of the thoracic cavity. Contraction of the external intercostals

MUSCLE OF
ERRIREATIOW--

INTERVAL IWNTERCOSTAL &

Atmospheric
pressure

MOVEMENT OF
THE STERNUM

At inspiration

Diaphragm
at forced expiration

MOVEMENTS
OF THORACIC WALL

EXPIRATION AND DIAPHRAGM

elevates the ribs, swinging the sternal body slightly outward at the
sternal angle. This increases the transverse and anteroposterior
dimensions of the thoracic cavity. These actions collectively
increase the intrathoracic volume, momentarily lowering the pres-
sure within. Given the relatively higher atmospheric pressure out-
side the head, air is induced to enter the respiratory tract to find
lower pressure. The action of the bucket handle demonstrates
the hinge action at the sternal angle and related rib elevation.

In expiration, the relaxed diaphragm forms “domes” over the
underlying liver and stomach, decreasing the vertical dimension
of the thorax. Recoil/descent of the ribs decreases the transverse
and anteroposterior dimensions. The thoracic volume is thus
decreased, momentarily increasing the intrathoracic pressure
above atmospheric. Air escapes to the outside, aided by the
natural elastic recoil of the lungs.
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DIGESTIVE SYSTEM
OVERVIEW

CN: When coloring the organs that overlap each other, use your lightest
colors for D, E, T, V, and W. Each overlapping portion receives the color of
both structures. (1) After coloring the alimentary canal, review the struc-
tures before completing the accessory organs. The central section of the
transverse colon (J) has been removed to show deeper structures.

ALIMENTARY CANAL--
ORAL CRVIT YA
PHARYWZS
ESCPHACUS
STOMABHK o
SMALL (WTESTIWVE--
CWEBLEMVM =
JEISVWVM =
ILEVM s
LARGE INTESTINE--
GCECUMH
VERMIFEORM APPEMDIZS v
COLORN--
RSCEWRLING EOLOM1
TRANSVERSE COLOW
PESCENRINVG CRLOW«
SIEMOID CERLEOM L

BECT U m
RANAL CRMNAL

ACCESSORY ORGANS--

TEETHo

TOWGUER

SELIVARY GLANDS -
SUBLINGUAL a
SUBMANDIBUVLAR R
PAROTI® s

GLVEER -

GALL BLAPBER u

BILE DUET v

PANECEREAS w

Diaphragm

The digestive system consists of an alimentary canal with acces-
sory organs. The canal begins with the oral cavity. Here the teeth
pulverize ingested food while it is softened and partly digested by
salivary gland secretions. The tongue aids in mechanical manipu-
lation of the food and literally flips the food into the fibromuscular
pharynx during swallowing.

The esophagus moves the bolus along to the stomach by
peristaltic muscular contractions. Here the bolus is treated to
mechanical and chemical digestion, then passed into the highly
coiled small intestine for more enzymatic and mechanical digestive
processes. Bile, produced by theliver and stored in the gall blad-
der, is discharged into the duodenum by a bile duct. Bile assists in
the breakdown of fats. Digestive enzymes from the pancreas enter
the duodenum as well. Nutrients of molecular size are extracted
primarily from the lumen of the small intestine, absorbed by lining
cells, and transferred to blood and lymph capillaries for eventual
delivery to the liver for processing. The large intestine is concerned
with absorption of minerals and water (proximal half) and storage.
Undigested, unabsorbed material continues to the rectum for
discharge through the anal canal and anus.
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See 119

Alimentary canal /-
is like the hole [
in a doughnut

Laryngopharynx

Epiglottis

Larynx

Trachea
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DIGESTIVE SYSTEM 137

ORAL CAVITY & RELATIONS — See 26, 47, 127, 132

of the lip

CN: Usepinkorred for | and very light colors for N, O, and
P. The asterisks preceding titles F, G, and H refer to the
footnote under the list of titles, and not the color gray. (1)
Color the two upper views of the oral cavity simultaneously.
(2) Color the papillae of the tongue with the color of the
tongue (1) but not the tongue itself. (3) Color the three sali-
vary glands and the cellular diagram to their right. Note that
the lumen, which receives glandular secretions, is not col-
ored as it passes through the various colored structures.

@@@09 @@Q?U‘U,v-/- Tonsillar
%@?w A fossa

Epiglottis

eIvein U s e X
O{]@@@ E;D@G)@?@C Buccinator
ST PRALATED

UV UNAYS
- PRALATOGLOSSAL ARBCH
* PALATING TEWS0Le
- PALATORPHARYNGEAL ARGHH

TEWEUE |
CINEUAL TENSIL 3
VALLAVTE PARPICLAE T
FOLIATE R
FUNGIFORM @or®
HINECRIREN

‘These structures are considered as part of the: oropharynx
in Plates 132 and 139; as a practical mattter, they are part
of the oral cavity bordering the oropharynx.

ORAL CAVITY

The oral cavity (mouth) is essentially concerned with preparation of food for
swallowing. Food is pulverized with teeth (presented in next plate), which act
on food through chewing (mechanical digestion), made possible by the muscles
of mastication and the temporomandibular joint, which permits mouth opening
to an interincisor distance of 35-50 mm. Wetting the food is a function of the
thousands of mucous and serous glands in the tongue and the mucosa lining
the oral cavity. Wetting and enzymatic action also are functions of the salivary
glands (discussed below). Mechanical digestion is enhanced by the papillae
on the surface (dorsum) of the tongue. These provide a site for taste receptors
(except filiform papillae) and an abrasive surface, for breaking down food.

TONGUE

Salivary glands secrete an enzyme-rich fluid into the mouth
during periods of eating or anticipated eating. The largest is
the parotid gland, situated bilaterally in front of and below
each external auditory canal, partly overlying the masseter
muscle. Its duct arches over the masseter, penetrating the
cheek mucosa to enter the oral cavity opposite the upper
2nd molar. Its glandular cells are serous. The smallest of the
salivary g'ands, the mucus-type sublingual glands, lie under
the tongue below the oral mucosa. The submandibular
glands are U-shaped and wrap around the mylohyoid
muscle (Plate 48). They consist of ducts and mixed glands,
primarily mucous.

SALIVARY GLATDS:
SUBLIMNGUAL «
@@M@@O @O@@@@ [ P‘A:\it)l}sloog::tfo
PERROTI® M

Masseter .
muscle

An example of a mixed (muco-serous) gland is shown here.
The serous glands consist of cells that are pyramid-shaped.
The cells form rounded, grape-shaped alveoli or acini,
whose center forms the duct. The more tubular glands are

IM@@@@Q ?@@&@o mucous-secreting; they are cylinder-shaped, with a central
@@@@@@ @@O@@S o duct. Collections of serous cells capping a mucous gland

are called serous demilunes (half-moon shaped). Contractile

G@W@@@U?GQ@&U@& myoepithelial cells within the basal laminae of both duct and

= gland cells are responsible for forcing the secretions into the
@(SQ’Q’Q ducts and out of the glands.

Sternocleido-
Submandibular mastoid muscle

duct SALIVARY GLANDS
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ANATEMY @F A TeOOUT - ,, | See 24, 137

CN: Use yellow for F, red for G, blue for H, and light colors for A, B, and L.

(1) Begin with the anatomy of a tooth. Color gray the titles and arrows/bands
arranged vertically. (2) Use only light colors on the teeth below. Note that the
identifying letter and number labels are those used by the dental profession.

TOOT I+ Crown
ENAMEL, PDENTIWs
PULER CAVITY: PULEE "

REOT GCRANAYL »
NMERVE: ARTERY WEDWH
GCEMEBNTYRI T
PERIODOMTAL WSARIENTY
GINGEIVA « ARLYEOLAR BOWE L

Note the longitudinal section of a molar; two roots are shown. The
core substance of the tooth is dentin. Composed of packed micro-
scopic tubules, pain-sensitive, avascular dentin is composed like
bone, though more mineralized (70% by weight). Dentin is capped
by a 1.5 mm layer of insensitive enamel, 95% mineral by weight, less
than 1% organic. Enamel consists of microscopic circular rods filled
with hydroxyapatite (bone) crystals, and it is the hardest material in

£

2

3

@ &
x ARVAN [K] /',"'/7@'/‘!;1,

@

—%—

REO@UT*

the body. Thedentin of each tooth has a hollow pulp cavity; it extends IRV, WXL 2 T ) @) ; =7
into each root of the tooth as the root canal. At the apex of each root, L Y 4 ; G = (XS 'o, S B
an opening (apical or root foramen) permits the passage of blood S S ”‘“‘* - e cesT
vessels and nerves into/from the alveolar bone. Pulp is a well-inner- ; S Cad : 40\%7;—
vated and vascular loose connective tissue, continuous with the R
periodontal ligament through the root foramen. LONGITUDINAL SECTION

. . . . 1stmolarin b
Eachtooth has a crown, extending above the gingiva (Qum line), a (st molanim bace)

neck (at the level of the gum; here the enamel ends and abuts the
cementum), and one or more roots buried in alveolar bone of the
maxilla (upper teeth) or mandible (lower teeth). Incisors and canine
teeth each have a single root canal;, premolars and molars may have
1-3 roots. The surface of the crown is characterized by tubercle-like
cusps separated by fissures, except for incisiors, which have only a
cutting edge. Canines have one cusp (cuspid); premolars have two
(bicuspids), and molars have 4 or 5 cusps. Multiple cusps enhance
the grinding and abrasive functions of the teeth.

Mesial
surface , | |; ..t

The fibrous periodontal ligament, about 0.2 mm thick, interfaces the
cementum (lining the root of the tooth) and the alveolar bone. The
cementum is a highly mineralized substance. Collagen fibers stuck in ‘ i B . P25
the cementum penetrate the ligament to insert into the alveolar bone. z &) 7
The gingiva (gum) is a mucous membrane with stratified squamous
epithelia that attaches to the enamel by a thickened basal lamina; A'l ' |. L/
veolar

the lamina propria of the membrane is strongly anchored to the ) ond ) -
underlying alveolar bone. MM

ADYLT/CHIGD BDENTITIOW- EMANENIISET ol (g |
CENTRAL INCISOR 2,5, 252,707 e e A\ a> 9
LATERAL (WCISOR 7, 1, 23 26.0,6.%, -

@@@OU@D@ G,11,22,27,C, H, MR

Buccal

UPPER ARCH

(Right) (Left)

IS8T PREMOLAR 5,12,21,28
2MD PREMOLAEE 4,13, 20, 29

IST DOLER 2.14,15,30, 8, 1,L,s
BWD DOLAGS 2.15. 18,31, A, J, K. T
RED MWOLAEAR WISEOMD) 1, 16,11, 32

There are naturally 32 teeth in an adult—8 in each of four quadrants
(right and left, in both upper and lower dental arches). Two sets of
teeth (dentition) develop in a lifetime: deciduous and permanent. The
deciduous set (20) are absorbed/shed in early life; the permanent set
(32) is not naturally shed. Babies are born with the deciduous denti-

. L . ! DECIDUOUS AND
tion submerged under the gingiva, for which breast-feeding mothers PERMANENT TEETH

are grateful. In general, the deciduous incisors are the first to erupt, (5 years of age/aiveolar walls removed)
at 6 months. The entire deciduous dentition (see boxed area at right)

haserupted by 18 months; it is gone by 12 years. The first permanent

tooth (1st molar) appears at about 6 years; the last (3rd molar)

appears at about 18 years (“wisdom tooth”).
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DIGESTIVE SYSTEM

PRARYES & SWALLOWING

CN: Use pink for K. (1) Color the three lower illustrations simultaneously. In the
posterior view of the interior of the pharynx, the posterior pharyngeal wall is
divided and retracted so you can note the relationship of internal pharyngeal
structure to the constrictor muscles (A, B, C) and the subdivisions of the pharynx
(D. G, I). Color gray the boluses of food in all views. In the two outer views (below),
add the color of the overlying structure to the representation of bolus movement.

139

See 132

(2) Follow the text when coloring the deglutition diagrams.

MUSCULAR WRALL OF PHARBYRES -
SURPERICHR CONSTRICUORA
MIDPLE CONSTRICTER e
(WEERICR COMSTIRICTOR

INTERICR OF PHARBYNLS -
NASCRHARYNR o
SEFT PALATEE
VVULR =
CROPHDRYWILS
PALATORHARTWEERL Mok
LARYNGORPHARY N 1

ESOPHNAGYS.

RELATED STRUCTUIRES -
ORAL CAVITY
TEMGYE L
HVOID BOWE M
ERIGLeT TSN
LRARVWES o

BOLUS OF FeOD rx

Pharyngobasilar
fascia

Three
constrictors
A attach to
2] pharyngeal
TN SR raphe

POSTERIOR
VIEW
(Schematic)

@G @By
coo LB e

Bones of the skull
o A ) "»L N\ o 09"
(6) R

[ .‘Ji | (Pharyngeal wall opened

Suprahvoid W
muscles

\
Thyroid ’(%
cartilage | A}

O

Trachea *
U«

Swallowing (deglutition) begins with food in the oral cavity. (1) The food bolus is
voluntarily pushed upward and backward into the oropharynx by the tongue.
The suprahyoid muscles lift and shorten or lengthen the floor of the mouth by
pulling the hyoid bone up and forward or backward to one degree or another,
depending on the material being moved into the pharynx. You can feel the
ascent and descent of the hyoid bone. Place your thumb and index finger
around the front of your mid-neck at the level of the palpable hyoid bone;
swallow and feel the bone move upward and downward. The bilateral
palatopharyngeal muscles/folds partially close off the oral cavity from the
pharynx, selectively permitting appropriately sized boluses to enter the pharynx
and resisting regurgitation into the mouth. Once the bolus is in the oropharynx,
the following mechanism is involuntary.

The soft palate is elevated (2), blocking the nasopharynx and preventing
regurgitation into the nasal cavity. Indeed, the entire pharynx is elevated by
the pharyngeal elevator muscles. Simultaneously, the larynx is elevated by
infrahyoid and other muscles, and the laryngeal opening is closed by intrinsic
laryngeal muscles. During the lifting of the larynx, the epiglottis moves over the
laryngeal opening. The superior and middle constrictor muscles of the pharynx,
assisted by gravity, sequentially contract from above downward, driving the
bolus into the laryngopharynx. The contractions of the palatopharyngeal mus-
cles orient the descent of the bolus downward and slightly backward. Contrac-
tions of the inferior constrictor muscle force the bolus into the esophagus.

DEGLUTITION
(Swallowing)

Levator
palati Tensor
palati

Medial

Nasal cavity ZY%O(f:nhaf‘C T pterygoid
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PERITEONEYRD
Abdominal
Cut aorta
,  Layers of / i Bare area edges (retroperiloneal)
-\~ skin, fat, and muscle by o : ) Transverse of liver ;
i) N\ Y dats gl

Duodenum
Retroperitoneal =
structures

Floor of
retroperitoneum

Cut
edges

fh,
Transverse [7

(B et A

ol ‘/‘) 0
f( 7 Ny \ Small

colon ‘, ; :
Sigmoid
colon

With the anterior abdominal wall opened through With the greater omentum lifted, the double-layered, The parietal peritoneum of the posterior body wall
its deepest (parietal peritoneal) layer, the liver, transverse mesocolon between the transverse is seen when all structures except retroperitoneal
the stomach, and the fatty greater omentum are colon and parietal peritoneum can be seen. Retract- ones (aorta, inferior vena cava, kidneys, ureters,
generally all that can be seen with the contents ing the intestines to one side reveals the common pancreas, duodenum, ascending/descending
undisturbed. Lifting the liver exposes the lesser mesentery between most of the small intestine and colon) are removed. Many nerves and vessels
omentum, a double peritoneal layer between the the parietal peritoneum on the posterior body wall. travel in this retroperitoneal space. As organs
stomach and liver. It is the anterior wall of the The sigmoid colon has a mesentery (sigmoid meso- emerge from the peritoneum, they develop a
omental bursa (E). The greater omentum con- colon) as well. Abdominal structures posterior to mesentery to suspend them. The cut layers of
nects the transverse colon to the stomach. these mesenteries/omenta are retroperitoneal. several of them can be seen (C, D, F, G, and H).
CN: Use a very light color for A and |. (1) Color the upper three diagrams in numerical /

order. Note that the digestive organs are covered with visceral peritoneum (l). (2) Color
the sagittal view. Use a darker gray or black for the omental bursa (E). The space of the Diaphrag

peritoneal cavity (B) has been greatly exaggerated for clarity of peritoneal membranes. ¢
S

PERITONEARL STRYCTURES
PARICTAL PERITENWEUMA
PERIVONERL CAWVIT Yex
LESSER @OMENTUR c

Epiploic
foramen
!

@WU@@D?@& @@@@ Ee | Pancreas
@@@@T@@ @M@@D‘F&D@@D X ] Traggmrse

THANSVERSE MESO©ECOLOWF
CEMMEN MESENTERYs
SICMOID MES@COLOWH
VISCERAL PERITONEWIM «

Y+ Abdominal
aorta

Small

|
)\~ intestine
\

Cut
Peritoneum is a serosal membrane of the abdominal cavity. The disposition of the dees
peritoneum is similar to that of the serosal layers around heart (pericardium) and lungs

(pleura): peritoneum attached to the body wall is parietal; peritoneum attached to the

outer visceral wall is visceral. Structures deep to the posterior parietal peritoneum are
retroperitoneal. Peritoneal layers suspending organs are called mesenteries; those \
suspending an organ from another organ are called omenta or ligaments. When color-

ing the sagittal view, the continuity of these peritoneal membranes can be appreciated.

The cavity of the peritoneum is empty; it can fill with fluid in disease and trauma. The

view at right shows intestines separated from one another; in life, they are as close

Sigmoid |
colon /

] {
together as strands of coiled wet rope. Vessels/nerves to the intestines and stomach i BII:dder 4 fectum /
travel in the mesenteries/omenta; they do not penetrate peritoneal layers. The source ~ (. \U'e’“s ,/
vessels are retroperitoneal. The omental bursais a peritoneal-lined sac created by rota- \ Q \ @\\, /
tion of the stomach during fetal life. It is open on the right at the epiploic foramen \ it )
between the lesser omentum and the parietal peritoneum. Here the omental bursa \ ;\éITTAL VIEW Gr ABDIOIMEN /ﬂ

(lesser sac) communicates with the collapsed, empty peritoneal cavity (greater sac). (Schematic)






DIGESTIVE SYSTEM

ESORPNAGCUS & STWIAGH

CN: Use only light colors. (1) Color the esophagus (A)
as it descends through the chest. Color over the dotted
parts of the trachea and heart that lie anterior to the
esophagus. Color the stomach and the dotted part of
the liver antericr to it. (2) Color the names of the diges-
tive products secreted by tile cells shown below.

E5CRHAGISH

STEEABH) REGICIS--
CRRBDIA s
CUNDPDUS ¢
BOPYo
PYLORBUSE

STEMAGH WARE «

MUCOSAL SURFACE RWUEAE)r

SUBMYCOSH =

MWVSCULARIS ELITERMA--
OBLIQUE Mo
CIBCULAR Mor
LENGITURIARL (o

SEROSA

The esophagus connects the laryngo pharynx and the car-
dia of the stomach. It is a muscular tube whose mucosa is
lined with non-keratinized stratified squamous epithelium.
At the gastroesophageal junction, the epithelia transition
abruptly to simple columnar. The muscle layer is arranged
in both longitudinal and circular orientations. In the proxi-
mal part of the esophagus, the muscle is striated; in the
midesophagus, it is both striated and smooth; in the lower
third, the muscle is entirely smooth. The glands of the
submucosa secrete mucus, enhancing flow. The esopha-
gus conducts its contents by sequential, rhythmic muscu-
lar contractions. B

The gastroesophageal junction has an area of specialized
circular muscle (lower esophageal sphincter) that permits
passage of a food bolus by muscle relaxation during swal-
lowing. The right crus of the diaphragm also contributes
fibers to the esophagus (external sphincter) and

functions to resist gastroesophageal reflux (reverse flow)
during inspiration.

The stomach is the first part of the gastrointestinal tract.
The stomach is generally located in the upper left quadrant
of the abdomen, although a full stomach can droop into the
pelvis. Suspended by peritoneal layers, it receives the
esophagus just below the diaphragm. At the duodenal
end, the stomach narrows to a muscular pyloric sphincter.
The stomach classically has four regions whose shape var-
ies with the quantity of contents. The stomach mechani-
cally manipulates ingested material, acidifies it to enhance
protein digestion, secretes proteolytic enzymes (pepsin),
and induces secretion of bile from the gall bladder and
enzymes from the pancreas, both of which enter the
duodenum. Microorganisms do not generally survive
these activities.

Note the arrangement of the stomach wall and the various
cells that make up the epithelial layer of the mucosa. The
epithelial cells are the working cells, providing a cocktail
of digestive products, whose main target is protein. The
lamina propria provides vascular and mechanical support
for the gastric pits. The muscle layer of the mucosa and
the external muscle layers produce peristaltic contractions
to assist in mechanical digestion and moving the residue
of digestion along the tract. The fibrous submucosa
supports lymphoid follicles, vessels, and nerves.

Diaphragm

141

Inferior 2=t
X\

vena cava — @

Y
\(
of diaphragm' ¥

N

=)
=~
Gastroesophageal
junction
REGIONS
OF THE
STOMACH

Lower
esophageal
sphincter

Esophageal -‘5,1
branches X
. 8

tru
Common
hepatic a.

Gastro- K
duodenal a. |

Superior
(1st part)
duodenum
X

R. gastroepiploic a. -

Lumen
of the stomach

K'J 1H STOMACH WALL

(Longitudinal section)

VCOSH:
ERITHELIAL LAYER--

GCRSTBIG PLT L+
MWUCEOVS CELL ¢!

CASTTRIC BRI

PARIETAL CELA m
CRIGE CELLN

BUPOCRINE GEAL o
LAMIVE PROPRIA r ﬁ

Solitary
lymphoid follicle

GASTRIC PIT
OF THE FUNDUS
(Diagrammatic)

MUSCUILARIS MUBESAE «






DIGESTIVE SYSTEM 142

SMALL (WTESTINVE see s
CN: Use green for N, red for Q, purple for R, blue for S, yellow for T, and a very light Liver
color for H. (1) Begin with the three divisions of the small intestine. (2) Color the parts SMALL Stomach
of the duodenum and the section of duodenal wall. The lamina propria (L) is identified INTESTINE ,
and colored only in the enlarged view of the villi below. (Schematic) A ‘ﬂ;r‘!”[
> A .
Pancreas ?@j&l‘”ﬂ
(b _Large
I 7 intestine
PYEDERWURD: P2 G e

SUPERIOR (IST) PARTs .
DESCENDING (RWP) PRR T paRTS OF PYIOriC
HNORIZOMTAL (BRB) PRRU DUODENUM
@@@@@@U@@ (@’?Gﬁ) @@@Tffﬁ Pancreas ' .l
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CPRNMET ) CELL K
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SEROSA '

The small intestine is a highly convoluted, thin-walled tube that undertakes much
of the chemical and mechanical digestive process and almost the whole of the

absorptive process of the entire gastrointestinal tract. The first part of the duo- ABSORRTION ABSORGIE
denum is suspended by the lesser omentum. The second and third parts are
retroperitoneal. The fourth part emerges anteriorly to become embraced by the
common mesentery, pulled upward/suspended by a band of smooth muscle at the
duodenojejunal junction. The jejunum is highly coiled, suspended by the common
mesentery between the peritoneal layers through which travel its blood and nerve
supply and draining veins. The thinner but longer ileumn also is suspended by the
common mesentery. It opens into the cecum of the large intestine.

The internal or luminal surface of the small intestine, especially the jejunum,
consists of a continuous series of circumferential (ring-like) folds (plicae circulares)
composed of mucosal and submucosal tissue. Myriad conical, finger-like projec-
tions (villi) and deep tubular glands (intestinal crypts) characterize the mucosal
surface. Simple columnar epithelia, mostly goblet-shaped mucous cells and
absorptive cells, line the villiand crypts. In the crypts, the cells are secretory and

produce a watery medium, enhancing uptake of minerals and nutrients. Enteroen- ﬁ
docrine cells secrete a number of hormones that encourage glandular secretion y
(e.g., cholecystokinin and secretin). Potentially phagocytic paneth cells secrete N~
lysozymes into the broth in the deep crypts. This digestive enzyme destroys bacte- P
rial cell walls. The loose fibrous, vascular lamina propria supports the lacteal-, '”“?:,‘:Qa'
blood vessel-, and axon-containing villi and the glands of the crypts. The sub- (%ryp()
mucosa supports large blood/lymph vessels and the cell bodies/axons of para-
sympathetic neurons. Both submucosa and lamina propria contain masses of
lyphoid nodules (Peyer's patches; recall Plate 127). Specialized epithelial M or
membranous cells at the epithelium-lymphoid nodule interface play a role in taking Oz - e {
antigen to immune-reactive lymphocytes. In the duodenum, the glands of Briinner p@ ey B \ =3
of the submucosa secrete a bicarbonate-containing mucus that neutralizes the P VILL! AND INTESTINAL GLANDS it
hydrochloric acid entering from the stomach. (Structures common to all villi are shown separately)
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jejunal flexure
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See 119
CRFERGEE IWTESTINGE ——
CN: By using the same colors for the parts of the intestinal wall youused on the intestinal gland
preceding plate, you can demonstrate the similarity between the structures of
the two intestines. The epithelium/mucous glands (N) should receive the same
color as the villi (H') of Plate 142, and the serosa in both plates should receive
the same color. Use a very light color for B. (1) Begin with the section above.
LARGE INTESTIWE--
GCECUWM A
ILEOCEEAL VARVE e
VERNIEORIMIAREENDIE
ASCENDING COLOM: -
P
L. colic

TRRAMSVERSE COLOWE
PESCEVBING COLON~
SIEMOI PELVIG) EOLEWe LARGENIESTNE
RECTURH

AL CRANAL

INTERNMAL HNRL SPHINCTER J

BRTERNWAL AWAL SERMINCTER «

TREMNR GO0 L
QICNTAL RAPPENRICESM

IWTESTINAL WAL -

MVCESA - "
CRITHELIVM/ MUCYS GLAWDS N
CRAMINEA PROPRIA o
MWYSCULARIS MUCEQSAE P

SUVBMVECOSAE a

MVUSCULARIS ESUTERMA
CIRBGCULAR Wlor
LEMWBITURINAL s U

SERBOSR

flexure (splenic)

The large intestine is characterized by large sacculations (haustrae), strips
of longitudinal muscle in the muscularis externa (taenia coli), and fat pads
(appendices epiploica) attached to the serosal surface of the ascending,
transverse, and descending colon (only). The large intestine begins at the
ileocecal valve with the cecum, usually suspended by a mesentery, in the

right lower abdominal quadrant. The function of the valve is not clear. The 'ngg%’fL
vermiform appendix varies in length (2-20 cm); it may lie anterior, posterior, (Anterior portion of cecum removed)
or inferior to the cecum. The ascending and descending colonsare retro-
peritoneal; the transverse colon is suspended by a mesentery (transverse
mesocolon). Note the colic flexures and their relationships. At the pelvic
inlet (not shown), the colon turns medially, gains a mesentery (sigmoid
mesocolon), and is named the sigmoid colon. Variable in its extent and
shape, it becomes the rectum at the level of the S3 vertebra. Here the
haustrae, the appendices epiploica, and the taenia are no longer seen.
About 12 cm long, the rectum has a dilated lower part (ampulla). Feces
entering the rectum stimulate the desire for defecation; thus, the rectum is
not a long-term storage site. As the rectum narrows inferiorly, it becomes
the anal canal surrounded by sphincter muscles.

The wall of the large intestine is characteristic: mucosal surface without villi
or plicae, underlying vascular submucosa, and two-layered muscularis
externa lined with peritoneal serosa. The epithelial lining is simple colum-
nar except in the anal canal where it becomes stratified squamous. The
glands are tubular and mucus-secreting. Lymphoid nodules are seen in
the lamina propria. At the anorectal junction, about 2 cm above the anus,
a remarkably large number of veins can be seen in the lamina propria (not
shown). Varicose dilatations of these veins (rectal or hemorrhoidal plexus)
are called hemorrhoids. The large intestine functions in absorption of water,

vitamins, and minerals as well as the secretion of mucus. ANO-RECTAL
REGION
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ANTERIOR See 119, 136, 140, 145

COVER e "

Diaphragm E
CN: Use blue for |, red for J, and yellow for K. Use very light (Lifted) __—=

colorsfor A, B, and L. (1) Color the two upper views simultaneously.
(2) Color the group of lobules, and then the enlargement. Begin
with the branches of the portal vein (! 1) at the bottom of the section.
(3) Begin the overview of blood and bile with the arterial flow.
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TRIBVTARY @ HERAVIC Vo It

The liver is the largest gland in the body. Wedge-shaped (rounded upper border,
thin, sharp inferior border) when seen from the side, the liver occupies the whole
of the upper right quadrant of the abdominal cavity. Weighing about 1.5 kg in
health, it can weigh over 10 kg when diseased (chronic cirrhosis). It is relatively
large in young children, causing protuberance of the upper abdomen. The liver is
enveloped in visceral peritoneum, except for a part of the right posterior surface
that is flush against the fascia covering the diaphragm (bare area). The visceral
peritoneum around the bare area turns or reflects upward (coronary ligaments) on
to the diaphragm to become parietal peritoneum. The edges of the coronary liga-
ments are called the triangular ligaments. The two anterior leaves of the coronary
ligaments join to become the falciform ligament; the two posterior leaves become
the lesser omentum, which encircles the porta, of the liver. Here the hepatic portal
vein and the hepatic artery approach the visceral surface of the liver and branch,
and the common bile duct receives the common hepatic duct and cystic duct.
The two-layered lesser omentum descends to support the pyloric end of the
stomach and the first part of the duodenum. The falciform ligament is continuous
with the parietal peritoneum of the anterior abdominal wall.

Connective tissue septa divide the liver cells/tissue (parenchyma) into irregular
polyhedral lobules. Within each lobule, the cells form radially arranged cords;

on two surfaces of these cords are sinusoids that converge onto a more or less
central vein. At the corners of the lobules are the hepatic artery and portal vein
branches, and bile ducts (called a triad). The portal vein branches feed into the
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e " . . B Gall
sinusoids; the hepatic artery branches supply the cells; the bile ducts drain the biadder > >
bile ductules formed from tiny canaliculi (not shown) surrounding the celis. The Gommon My L ys

liver cells discharge their products into the sinusoids (except bile) and absorb bite duct ——___duct

from the same sinusoids various nutrients and non-nutrients as well. Liver cells ﬂ?@@ﬂ@@, ,

store and release proteins, carbohydrates, lipids, iron, and certain vitamins (A, D, Portal

E, K); they manufacture urea from amino acids, and bile from pigments and salts; &@@@d X sysnemfzf

they detoxify many harmful ingested substances. Bile is released from the cells gwg[m@@g S e @ =
into tributaries of bile ducts. The central veins are tributaries of larger veins that intesting

merge to form three hepatic veins at the posterior, superior aspect of the liver. &@@@ I :

These veins join the inferior vena cava just inferior to the diaphragm. g} @Gﬂa@ ?&@WR BLOGE. AND BILE FlGW

(Schematic)
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BILIARY SYSTERY & PRNWGCRERAS
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Duoda'alnal CN: Use the same colors as were used on the preceding plate for the
wa hepatic cells and bile ducts, and a very light color for H. (1) Color
J simultaneously the diagram of bile formation/transport and the large
I central illustration. (2) Color the diagram describing bile storage.
Major %
duodenal
papilia Duodenojejunal
flexure
ot . ANTERIOR
VIEW
f
Sl LIS (Stomach removed)

The biliary system consists of an arrangement of ducts transport-
ing bile from the liver cells that manufacture it to the gall bladder
and to the second part of the duodenum.

Itis worth repeating: bile is formed in the liver (not the gall blad-
der). It is a fluid consisting largely of water (97%), with bile salts
and pigments (from the breakdown products of hemoglobin in the
spleen). Once formed, bile is discharged from liver cells into sur-
rounding bile canaliculi. These small canals merge to form bile
ductules thatjoin the bile ducts, which travel in company with the
branches of the portal vein and hepatic artery. The bile is brought
out of the liver by the right and left hepatic ducts, which merge at
the porta to form the common hepatic duct. That duct descends
between the layers of the lesser omentum and receives the 4-cm-
long cystic duct from the gall bladder. The gall bladder is pressed
against the visceral surface of the right lobe of the liver, covered
with visceral peritoneum. The common bile duct (or just bile duct)
is formed by the cystic and common hepatic duct. About 8 cm
long, itdescends behind the first part of the duodenum, deep to
or through the head of the pancreas. It usually joins with the main
pancreatic duct, forming an ampulla in the wall of the second part
of the duodenum. Here the duct opens into the lumen of the duo-
denum. There can be variations in the union of these two ducts.

Visceral surface Left lobe 7l

Splenic

Bile

duct

g Bile _
n ductule

g Common
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See 136, 144, 156

Bile

canaliculus

Duodﬁnal bile duct

5 wal sphincter

Major it BILE FORMATION

duodgnal ; AND TRANSPORT
papilla A; (Schematic)
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duct sphincter ,
Ampullary )
sphincter

artery

The gall bladder serves as a storage chamber for bile discharged
from the liver. Bile is concentrated here several times, a fact
reflected in the multiple microvilli on the luminal surfaces of the
simple columnar epithelial cells that absorb water from the dilute
bile. In response to the gastric or duodenal presence of fat,
secretion of cholecystokinin is induced, which stimulates the gall
bladder to discharge its contents into the cystic duct. Peristaltic
contractions of the duct musculature squirt bile into the duodenal
lumen through the ampullary sphincter. Bile saponifies and emul-
sifies fats, making them water soluble and amenable to digestion
by enzymes (lipases).

The pancreas is a gland in the retroperitoneum, consisting of a
head, neck, body, and tail. Most of the pancreas consists of
exocrine glands that secrete enzymes into the pancreatic duct
tributaries and on into the duodenum at a rate of about 2000 ml
per day. These enzymes are responsible for a major part of
chemical digestion in the small intestine (lipases for fat, pepti-
dases for protein, amylases for carbohydrates, and others).
Pancreatic secretion is regulated by hormones (primarily chole-
cystokinin and secretin) from entero-endocrine cells and by the
vagus nerves (acetylcholine). The endocrine portion of the
pancreas is covered in Plate 156.

Closed
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ORINADRY TRACT
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The urinary tract consists of paired kidneys and ureters
in the retroperitoneum, a single urinary bladder, and a
urethra. The urinary tract represents a pathway for the
elimination of metabolic by-products and toxic and other
nonessential molecules, all dissolved in a small volume
of water (urine). The kidneys are not simply instruments
of excretion; they function in the conservation of water
and maintenance of acid-base balance in the blood. The
process is a dynamic one, and what is excreted as waste
in one second may be retained as precious in the next.

The ureters are fibromuscular tubes, lined by transitional
epithelium. Three areas of the ureters are relatively nar-
row and are prone to being obstructed by mineralized
concretions (“stones”) from the kidney (see arrows).

The fibromuscular urinary bladder lies in the true pelvis,
its superior surface covered with peritoneum. The
mucosa is lined with transitional epithelium. The bladder
can contain as little as 50 ml of urine and can hold as
much as 700-1000 ml without injury; as it distends, it
rises into the abdominal cavity and bulges posteriorly.
The mucosal area between the two ureteral orifices

< and the urethral orifice is called the trigone.

Opening
of ureter

Rectum

vesicle
The fibromuscular, glandular urethra, lined with transi-
tional epithelium except near the skin, is larger in males
(20 cm) than females (4 cm). Hence, urethritis is more
common in men, cystitis is more common in women.

The urethra is described in three parts in the male
(prostatic, membranous, and spongy). The membranous
urethra is vulnerable to rupture in the urogenital dia-
phragm with trauma to the low anterior pelvis.

Ductus
deferens

Teslis Scrotum

146

See 147, 159, 160

CN: Use very light colors for C and E-L.

(1) Color the three views of the urinary tract
simultaneously. Note that the kidneys at the top
of the plate are to be colored according to areas
that are in contact with other organs. Also note
that the ureters penetrate the posterior wall of
the urinary bladder, and that these openings
receive a color. (2) Color the anterior relations of
the kidneys. The kidneys are shown as underly-
ing, shaded silhouettes and receive no color of
their own. (3) Color gray the arrows marking
sites of potential obstruction by “stones.”

ANTERIOR RELATIONS
OF THE KIDNEYS
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147

See 140

BIPWERYS & BELATED BEUROPERITONMEARAL STRUSTYRES //w

gray). (1) Color the various structures in the abdominal cavity. Part of the

CN: Use red for B, blue for L, and a very light color for X (use a color, not Z\

peritoneum (X), whose title is among the upper diagrams, is shown covering
much of the right side. (2) At the upper right, note the relationship of the

retroperitoneum to the parietal peritoneum.
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The paired kidneys and ureters lie posterior to the
parietal peritoneum of the abdominal cavity; they are,
therefore, in the retroperitoneum. During fetal develop-
ment, some abdominal structures arise in the retro-
peritoneum (e.g., kidneys), and some become retro-
peritoneal as a result of movement of visceral organs
(e.g., ascending/descending colon, pancreas). The
abdominal aorta and its immediate branches and the
inferior vena cava and its immediate tributariesall are
retroperitoneal. Arteries and veins travel between layers
of peritoneum to reach the organs they supply/drain.
Lymph nodes, lumbar trunks, and the cysternal chyli
(notshown) all are retroperitoneal. The ureters descend
in the retroperitoneum and under the parietal perito-
neum to reach the posterior and inferior aspect of the
bladder. Pelvic viscera and vessels lie deep to the
parietal peritoneum.

The kidneys are encapsulated in perirenal fat, secured
by an outer, stronger layer (renal fascia). Each kidney
and its fascia are packed in pararenal fat. These com-
partments do not communicate between left and right.
Such a support system permits kidney movement dur-

ing respiration but secures them against impact forces.
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BIPNEY & WRETER

CN: Use red for J, blue for K, yellow for P, and very light colors for B, F, G, @ )k @
H, and I. (1) Begin with the large illustration and note that the thickness of
the renal capsule (A) has been greatly exaggerated for coloring purposes.

Color the cut edges of blood vessels in the cortex (B). Also color the titles Suprarenal /| nierior f0
and arrows reflecting blood and urine flow. (2) Color the large arrow (E) J vena I J
pointing to the concavity of the bean-shaped kidney, the renal hilum. N "
[
O@D@@@W,— KIDNEYS
INSITU

RENAL CAPSVLEA
RENAL CERTER:s -
REVAL MEPULLA (BRYRAMID):

BENAL PARILLAED
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(schematic coronal section)
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@@05@@ P (Into both kidneys) —
2299 mlL /mire <O

(Out of both kidneys) Minor and major
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K

The kidney consists of filtering capsules, tubules, and blood ves-
sels tightly pressed together into what is called the parenchyma.
The parenchyma of the kidney consists of an outer cortex cov-
ered on its surface by a thin fibrous capsule, and an inner
medulla consisting of pyramids of straight tubules. The cortex
reaches down between the pyramids (renal columns). The cor-
tex consists of convoluted tubules and filtering capsules. The
apex of each medullary pyramid forms a papilla that fits into the
small cup-shaped funnel called the minor calyx. These funnels,
numbering 8-18, open into three much larger major calyces,

all ot which open into the cavity called the renal pelvis. In the
concavity of the kidney (the hilum), in an area called the renal
sinus, the renal pelvis narrows to form the proximal ureter
sharing the area with the renal artery and vein.

Renal blood flow (the amount of blood flowing through the
kidneys) is about 1300 mL per minute (both kidneys). About
125-130 mL of plasma is filtered into the renal tubular systems
each minute. Less than 1% of that filtered plasma (about 0.7 mL)
is actually excreted as urine. Clearly, the kidney is in the water
conservation business!

The structure of the ureter is a continuation of the renal pelvis.
The epithelial layer is transitional, a variably stratified layer
dependent upon the volume of urine in the ureter. The fibrous
lamina propria supports the epithelia and blood vessels as well
as nerves. The muscular coat consists of both longitudinal
(inner) and circular layers. The outer layer of the urethra
(adventitia) is fibrous.

Circutar
muscle

URETER

(cross section)
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BENAL TOBYEE:- CAPSVLEA *
CN: Use red for G, yellow for M, and a very light color for H. @?@8@5 )
Some colors will be used for the same structures on Plate 150. ELVELLAR: Renal SECTION OF
(1) Begin with kidney regions. (2) Color the two types of @Ugg@p arle{y B Olgfriggir:)'zy
nephrons. (3) Color the detailed view of the cortical nephron. . W
(4) At the bottom of the page, the capillary-like vessels of the Renal
glomerulus (G') are largely covered by podocytes (visceral vein
layer, H3); but not entirely. Color both; see smaller drawing Minor
where podocytes have been removed to reveal a porous Maiofaly"
capillary. The capsular space (H 3) is left uncolored. CORTICAL & JUXTAMEDULLARY Renal calyx
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The function of the renal (uriniferous) tubule is to (1) extract certain substances
from the blood, (2) return certain substances to the blood, and (3) transport the 7/
leftovers to the urinary bladder for storage and expulsion from the body. The
renal tubule consists of a nephron and a collecting tubule. The nephron consists Primary
of arenal corpuscle and a tubule that is both convoluted and straight throughout Filtrate. (‘;Z’;iif)

its course. At its termination, the nephron is continuous with the collecting Podocyte
tubule. Each collecting tubule joins with other collecting tubules to form a larger removed
collecting duct. Passing through the papilla of the medulla (papillary duc, it Glomerular
empties into the minor calyx. Each papilla has multiple orifices of papillary ducts vessel
(area cribrosa). y—

The renal corpuscle consists of a glomerular (Bowman's) capsule intimately
related to a tuft of capillaries (glomerulus). An afferent arteriole leads into the Podaaytes

glomerulus and an efferent arteriole departs it, both at the vascular pole of the Glome“;'af (Visceral layer)
capsule

corpuscle (see next plate). The inner, indented wall of the epithelial capsule is . (Parietal layer) ’
its visceral layer; the outer wall is its parietal layer. The visceral layer is com- G {} ,
plexly interwoven with the glomerular vessels. The space between the visceral = Capsular £

and parietal layers is the capsular space; it opens into the proximal convoluted
tubule at the urinary pole of the renal corpuscle.

The cells of the visceral layer are highly modified simple squamous epithelia,
called podocytes. Each has the shape of a centipede, with its “body"” containing
the nucleus and its multiple “legs” (primary processes or pedicels) being cell
membrane-lined cytoplasmic extensions. These pedicels incompletely encircle
a vessel, creating filtration slits. The "legs" have “feet” (secondary processes)
that attach to the porous vascular wall and reduce further the filtration spaces
"between the toes” (not shown). As the blood circulates through the glomerulus,
plasma and its noncellular solutes (less proteins) are driven through the pores
and slits to enter the capsular space. The filtrate’s journey through the rest of

the renal tubule is shown and described in the following plate. et
iitrate
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URINARY SYSTEM 150
TUBULAR FYNETION & RENAL GIRCULETION -

CN: Use the same colors as were used on the preceding plate for A, B, C, M, and

F. Use red for D, blue for G, and purple for E. (1) Begin with the major blood ves-

sels of the kidney. (2) Color the entire enlarged nephron the color (F) from the pre- Z@@O@@

ceding plate. Note that the afferent and efferent arterioles, although part of the BEMAL &) P

dotted nephron, receive arterial colors (D5, DG). When coloring the inset of the |

juxtaglomerular apparatus, leave the relevant cells blank, for easier identification. §§@M@&O?@n—" @D b
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The juxtamedullary nephron shown here lies near the cortico-medullary border.
Unlike nephrons of the deeper cortex, its descending tubules reach into the deep ®
medulla, and its vascular relations are different. Of the 0.4~1 million or so neph- p-
rons in each kidney, about 30% are juxtamedullary in location. “
In juxtamedullary nephrons, the efferent arteriole leads directly to the vasa recta > A
(straight vessels) arranged close to the long tubules in the medulla. In the cortical e
04

nephrons, the efferent arteriole leads directly to the peritubular capillary plexus,
which embraces the entire neuron. In some nephrons, both a peritubular capillary
plexus and vasa recta may exist, as shown here. The venous side of the vasa
recta flows into veins that may merge with the arcuate veins or continue up into
the lower cortex to join the interlobular vein. The venous side of the peritubular
capillary plexus joins the interlobular vein. It is the close relationship of tubule to
blood vessel that makes possible the preservation of what is needed at any one
moment and the rapid ejection of what is not needed, e.g., toxic substances.

The renal corpuscle filters the blood plasma. The resulting filtrate is discharged
into the proximal tubule, where tubular reabsorption and tubular secretion begin.
Water, sodium (Na*), glucose, and amino acids are rapidly reabsorbed by the
tubular cells. The descending thin segment of the loop of Henle, composed of
simple squamous epithelia, also reabsorbs water and electrolytes, principally by
simple diffusion. The thin and thick segments of the ascending limb of the loop,
however, are largely impermeable to water but actively reabsorb sodium, chlo-
ride, and other ions, leaving very dilute water going into the distal tubule.

The first part of the distal tube comes into contact with the afferent arteriole of the
glomerulus of origin. Modified smooth muscle, renin-secreting, juxtaglomerular
(JG) cells in the arteriole are sensitive to arteriolar blood pressure. Modified
epithelial cells in the adjacent distal tubule (macula densa) sense the solute
content in the filtrate at that site. By their interaction, the glomerular filtration rate
and blood pressure can be modulated. The distal tubule is impermeable to water
while reabsorbing electrolytes. The dilute tubular fluid entering the collecting
tubule is reabsorbed under the influence of anti-diuretic hormone (ADH). Fluid is
continuously reabsorbed until the residual is discharged as urine at the papilla.
For every 100 ml of filtrate formed, 1 ml of it will find the minor calyx.
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ENDOCRINE SYSTEM 151

R ORUCTIION, s00 10

Cil: Use a very light color for C and a darker one for D (actually Pl N
located on posterior surface of thyroid). (1) After coloring endocrine /_/
glands and tissues, color the scheme at lower left.
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Endocrine glands and tissues are discrete masses of secretory cells and
their supporting tissues in close proximity to blood capillaries, into which
the cells secrete their hormones. The glands and tissues are ductless.
Hormones are chemical agents usually effective among celis (target
organs) located some distance from their source. Hormonal secretion
results in negative or positive feedback control mechanisms. In the broader
scope, hormonal activity results in growth, reproduction, and related activity
as well as metabolic stability in the internal environment. Stability of the
internal environment is called homeostasis.

The classical endocrine glands listed and shown here are presented in the
following plates, with the exception of the pineal gland (see Plate 75) and
the thymus (see Plate 124). Also listed here are just a few of the myriad
tissues/cells that secrete chemical agents influential in cellufar activities.
The role of the hypothalamus can be colored in Plates 152 and153. The atria
of the heart secrete atrial natriuretic peptide (ANP) during periods of weak
myocardial contraction, resulting in increased excretion of sodium and
water. The juxtaglomerular cells of the kidney (Plate 150) secrete renin, an
enzyme that converts angiotensinogen to angiotensin | and indirectly
induces increased blood pressure and conservation of body fluids, such as
during hemorrhage. Numerous endocrine factors secreted by cells of the
gastrointestinal tract influence intestinal motility and enzyme secretion. The
placenta secretes, among many hormones, human chorionic gonadotropin,
which contributes to the support of embryonic growth during the first 90
days post-fertilization by stimulating the growth of the corpus luteum
(Plates 161, 163, 165, 166).
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ENDOCRINE SYSTEM 152
EITUTARY GLAVD & HYPOTHALAWVS

CN: Use red for H, blue for K, purple for I, and a very light color for J.
(1) Begin with the enlarged view of the hypophysis and hypothalamus. Infundibular

VIEW

P

ADENE NYRPOPHYSIS-- Pyl
EARS TUBERALISA
PARS DISTALIS ANT: LOBE):
PARS INTERMEDIVS t
NEURE NYRPORNYSIS--
MEDIAN CRIIPEHCE- —

CITVITARY GLAND (MYPORMNYSIS):: v 0 =23
/ C s -

; Sphenoid/ A
bone Sella
turcica \
Pituitary

gland

O@O@@M@O@&@@ @ﬁ@mE ‘ /nuclei

PRARS WERVOSHE (POST: LOBE)F _‘
HYPOTHRLARIVS: e, p
The pituitary gland (hypophysis) essentially consists of an anterior and a posterior — /c/G

lobe. It is suspended from the hypothalamus of the brain and fits into a recess of Optic
the sphenoid bone called the sella turcica. The pituitary is about the size of four chiasm
peas (thank you, Dr. Marian Diamond). The three parts of the adenohypophysis are
derived from an upward extension of the developing roof of the mouth; indeed, the
gland was once thought to form mucus (“pituita”) that was secreted into the nose.
The posterior lobe is a downward migration from the floor of the hypothalamus. That
floor, inferior to the third ventricle, consists of the hollow infundibulum (stem, stalk)
surrounded by the median eminence. The lowest part of the infundibulum (below
the median eminence, still part of the hypothalamic floor, but no longer hollow) is
continuous with the posterior lobe. The three (infundibulum, median eminence,
and posterior lobe) are often considered as the “neurohypophysis.” Note how the
pars tuberalis of the adenohypophysis embraces the infundibular stem and median
eminence. The pars intermedius is rudimentary and appears to secrete no signifi-
cant levels of hormone.

ADENOHYPOPHYSIS
(Anterior lobe)

ALENENYRPERPHVYSIS-
KNYROTHEL SEER: VEUREW /HORMONE ¢ 2
@@@o G’OW@GDV@@@@ @m@@T?H Chromophobe e
HYPOPRYSEAL PORTALSYSUTEM 1
GCARPILLARY /PORTAL Vi /SINUSOID:?
SECRETERY GELL. /HORBMONES
(B YCPEPHYSEAL WEIN)«

The pars distalis contains a variety of cells that secrete several hormones (see next
plate). There are three types that can be differentiated by staining: the acidophils,
basophils (both chromophillic cells), and chromophobes. The secretory activity of
these cells is stimulated by neurons of the hypothalamus. These neurons secrete
releasing hormones into the vascular hypophyseal portal system at the level of the
median eminence (next plate). Capillaries there drain into portal veins that reach
the sinusoids of the pars distalis. Secretions from the cells of the pars distalis enter
the sinusoids, which are drained by the inferior hypophyseal vein.

Basophil

Paraventricular
nucleus

Supraoptic
nucleus

NEVRONYPOPHYSIS -

MYRPOTHAL. SEERETORY MEVRONS:-- NEUROHYPOPHYSS
SVERACRTIC VVEL./HORMOME::

FRRAVERTRIC MUGL. /(HORMOME:
CARPILLARY PLESUS.
HYPOPHYSEAL VEIR«

The pars nervosa ofthe neurohypophysis has no secretory cells of its own. Axons of
secretory neurons in the supraoptic and paraventricular nuclei of the hypothalamus
extend down through the infundibulum to capillary networksin the posterior lobe.
There these axon terminals release oxytocin and antidiuretic hormonesinto the
circulation (see next plate).
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ENDOCRINE SYSTEM . 153
ee 152, 154, 155, 164
RITUITARY GLAND & TARGCET ORGANS

CN: Use the color from the previous plate for hypothalamic hormones (A) and secretions (A"). Color the major

headings distributed throughout the illustration. (1) Begin with the arrows and circles representing those hor-
mones and secretions, including the penetration of the cells of the anterior lobe. (2) Color the pituitary hormones. _ Capillaries ° ' %
(3) Color the arrows representing the target organ hormones performing their feedback function. . O LINA 5
- Secretory - /i@ o
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Hypothalamic releasing or inhibiting hormones act on the anterior LH stimulates testosterone secretion, ovulation, development of the
lobe of the pituitary. These hormones stimulate/inhibit the target corpus luteum, and estrogen/progesterone secretion (Plate 163).
cells in the anterior lobe to increase/decrease their secretion of TSH induces secretion of the thyroid hormone thyroxin (Plate 154).
hormone. Inhibition of pituitary hormone secretion is most often ACTH stimulates the release of adrenal cortical hormones (e.g.,
controlled by negative feedback. For example, the hypothalamus is cortisol); it also has melanocyte-stimulating properties, dispersing
sensitive to the concentration of estrogen in the hypothalamic cir- pigment in the skin (Plate 155). GH stimulates body growth, espe-
culation (via the hypothalamic artery). As estrogen levels diminish, cially bone. Prolactin mediates milk secretion (Plate 164) and is
certain hypothalamic nuclei sense this and increase their secretion inhibited by prolactin-inhibiting hormone in the hypothalamus.

of gonadotropic-releasing hormone (GRH). GRH is released from Oxytocin and antidiuretic hormone (ADH, vasopressin) are products
secretory nerve endings into the hypophyseal portal system in the of secretory neurons in the supraoptic and paraventricular nuclei of
median eminence. GRH reaches the sinusoids of the anterior lobe the hypothalamus; the secretory material is transported down long
and stimulates certain basophils there to secrete follicle-stimulat- axons (hypothalamo-hypophyseal tract) to capillaries in the poste-
ing hormone. FSH is released into the circulation and has a stimu- rior lobe, where they are released into the general circulation via the
latory influence on the growth of ovarian follicles (as well as hypophyseal vein. Oxytocin induces ejection of milk (Plate 164) and
spermatogenesis in the male). Significantly increased levels of stimulates uterine contractions. ADH (plate 155) causes retention of
estrogen are sensed by the hypothalamus (feedback), and the body water by the kidneys. lts secretion is induced by osmorecep-

hypothalamus turns off its secretion of GRH (negative feedback). tors in the hypothalamus. ADH is also a powerful vasoconstrictor.
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ENDOCRINE SYSTEM N\ 154
/C\\ See 153

T RBEOID & PRRRTHYREOID GLANDS

CN: Use red for H, blue for |, light colors for E, F, G, and the same colors as on Plate
151 for A and D. {1) Color the three upper views simultaneously, taking note of the
arteries and veins that penetrate the thyroid. (2) Color the microscopic sections of
hypoactive and hyperactive thyroid follicles; normal tissue lies between the two
extremes. (3) Color the diagram of thyroid and parathyroid function.
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membrane
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The thyroid gland, covering the anterior surfaces of the 2nd to 4th tracheal
rings, is bound by a fibrous capsule whose posterior layer encloses the four
parathyroid glands. The thyroid gland, composed of right and left lobes con- H C'g;g{lgaé i

nected by an isthmus, consists of clusters of follicles (like grapes) supported
by loose fibrous tissue rich in blood vessels. A microscopic section through a
follicle reveals a single layer of cuboidal epithelial cells forming the follicular
wall. The follicle contains colloid, a glycoprotein (thyroglobulin) produced by
the follicle cells. These cells take up thyroglobulin and dismantie it to form a

) Superior
thyroid a.

number of hormones, primarily thyroxin (T4, tetraiodothyronine). Thyroxin is LA\',",EQ,AL

then secreted into the adjacent capillaries. Thyroid hormones contain iodide
(a reduced form of iodine), which is absorbed by the follicle cells from the

. . . . . . K Superior
blood. Thyroxin formation and secretion is encouraged by thyroid-stimulating parart)hyroid
hormone (TSH) from the hypophysis. The relationship operates on a negative )
feedback mechanism: increased secretions of thyroxin inhibit further secre- p;gﬁ,r;,%id

tion of TSH. Thyroxin increases oxygen consumption in practically all tissues,
and thus maintains the metabolic rate. It is involved at many levels in growth
and development. Excessive secretion of thyroxin generally results in weight
loss, extreme nervousness, and an elevated basal metabolic rate. Hypo-
thyroidism results in diminished mental activity, voice changes, reduced
metabolic activity, and the accumulation of mucus-like material under the
skin (myxedema), giving a puffy appearance. Like all endocrine glands,

the thyroid is highly vascular. The vessels shown here warrant very careful
attention when considering undertaking an emergency tracheostomy or
cricothyrotomy. Especially note the inferior thyroid veins on the anterior sur-
face of the trachea. The pattern of these vessels is not always predictable.

The parathyroids consist of small buttons of highly vascular tissue containing

two cell types, one of which (chief cells) secretes parathormone Parathor- G polhalamusJ\'-'» ——
mone maintains plasma calcium levels by inducing osteoclastic activity d TREAEL :
i i i ivi Negative N
(bon'e breakdown), freeing calc.lum ions. Normal muscle activity and blood !ee%back O@. § //
clotting depend on normal calcium levels in the plasma. Reduced parathy- & (
Anterior lobe b mﬁﬁ*

roid function lowers calcium levels and below certain levels causes muscle of hypophysis
stiffness, cramps, spasms, and convulsions (tetany).
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ENDOCRINE SYSTEM

ADRENAL SVEPRARBWAL GLANDS

CN: Use red for F, blue for G, yellow for H, and a very light color for E. (1) In the upper
view, only those vessels with subscripts are to be colored. (2) Color the cross section
through the adrenal, and related arrows and hormones. (3) Color the various organs
associated with the “fight or flight” reaction, noting the listed effects.
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The adrenal (suprarenal) glands lie in the retroperitoneum within the renal fascia on
the superior and medial aspects of each kidney (T11-T12 vertebral levels). Like other
endocrine glands, the adrenals are abundantly vascularized. The adrenals are two
different glands encapsulated as one: the outer cortex and the inner medulla.

The adrenal cortex is organized into three regions: the outer zona glomerulosa,

the middle zona fasciculata, and the inner zona reticularis. When presented with a
decrease in fluid volume, as with hemorrhage, the cells of the zona glomerulosa syn-
thesize and secrete hormones called mineralocorticoids. The most well known of these
is aldosterone. Mineralocorticoids act primarily on the distal tubules of the kidney, the
sweat glands, and the gastrointestinal tract; they encourage the absorption of sodium
(and water) and the secretion of potassium. Cells of the zona fasciculata, mediated by
ACTH, secrete glucocorticoids. These hormones (primarily cortisol and secondarily
corticosterone) stimulate the formation of glucose in the liver. Cells of the zona reticu-
laris secrete the androgen dehydroepiandrosterone (DHEA) in small amounts. DHEA
can convert to testosterone. The female sex hormones (estrogen and progesterone)
are also secreted in small amounts. These adrenal androgens and estrogens have

a limited effect during a lifetime.

The medulla consists of cords of secretory cells supported by reticular fibers, and an
abundant collection of capillaries. Fibers of the greater splanchnic nerve pass through
the celiac ganglia without synapsing to enter the adrenal gland. These fibers terminate

on and stimulate the medullary secretory cells, 80% of which produce and release epi-

nephrine; the rest secrete norepinephrine. These secretory cells are, in fact, modified
post-ganglionic neurons. Their secretions elicit the “fight or flight” reaction in response
to life-threatening situations, as diagrammatically represented at right.
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ENDOCRINE SYSTEM

CRNERBERTIC ISLETS

CN: Use purple for N, and light colors for K and L. (1) In coloring the upper
drawing, include the broken lines representing arteries within or on the posterior
surface of the pancreas. (2) Color the microscopic section of the pancreas and the
enlarged view of an islet. Color the arrows and the diagram reflecting the role of
glycogen and insulin receptors in liver cells with respect to glucose and glycogen.

ARTERIES TO THE PRANCRERAS.-
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The pancreas is supplied by numerous arteries from sources springing
from the celiac and superior mesenteric arteries. The extensive capillary
networks of the pancreas are drained by tributaries of the hepatic portal
vein, which conducts the secreted hormones of the pancreatic islets to
the liver and beyond for general circulation.
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The islands (islets) of endocrine tissue (and their capillaries) in the pan-
creas are surrounded by masses of grape-like clusters/follicles of exocrine
gland cells. The secretions of these cells enter ducts that are tributaries of
the pancreatic duct(s) opening into the duodenum.

The islets are characterized by three or four different cell types. Alpha(A)
cells, generally located in the periphery of the islet, secrete glucagon, a
polypeptide hormone that binds to glycogen receptors on liver cell mem-
branes. Glucagon induces the enzymatic breakdown of glycogen to glu-
cose, aprocess called glycolysis. Glucagon also facilitates the formation of
glucose from amino acids in the liver, a process called gluconeogenesis.
As aresult of these processes, blood glucose levels increase.

Beta (B) cells, constituting 70% of the islet cell population, occupy the cen-
tral part of the islet and secrete insulin, a polypeptide, primarily in response
to increased plasma levels of glucose. Most insulin is taken up by the liver

* Enzyme .

: <
W a_ctions‘_o._'

Glycogen
synthesis

/" Fally acid <@
synthesis

LIVER CELL
(Low blood sugar conditions)

LIVER CELL
(High blood sugar conditions)

and kidney, but almost all cells can metabolize insulin. Insulin expedites
the removal of glucose from the circulation by increasing the number of
proteins that transport glucose across cell membranes (glucose carriers;
not shown) in muscle cells, fat cells, leukocytes, and certain other cells (not
including liver cells). Insulin increases the synthesis of glycogenfrom glu-
cosein liver cells. Uptake of insulin is facilitated by insulin receptors (pro-
teins) on the external and internal surfaces of many—but not all—cell
membranes. Decreased insulin secretion or decreased numbers or activity
of insulin receptors leads to glucose intolerance and/or diabetes mellitus.
The effects of insulin activity are far-reaching: mediating electrolyte trans-
port and the storage of nutrients (carbohydrates, proteins, fats), facilitating
cellular growth, and enhancing liver, muscle, and adipose tissue metabo-
lism. Delta (D) cells occupy the periphery of the islet and make up about
5% of the islet cell population. They secrete somatostatin and inhibit the
Alpha cells' secretion of glucagon and the Beta cells’ secretion of insulin.
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REPRODUCTIVE SYSTEM

ALE RBEEFRODUVCSTIVE STYSTEW

CN: Use red for L, blue for M, and very light colors for A, J, and K.
(1) Color the upper views simultaneously. In the sagittalview, only
the urethra is shown in the median plane. (2) The coverings of the
spermatic cord in the illustration below actually consist of several
layers (recall Plate 51). Color the parts of K and L seen deep to
the pampiniform plexus (M).
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157

See 38, 51, 53

The male reproductive system consists of the primary organs, the testes (testicles),
suspended within a sac of skin and thin fibromuscular tissue (the scrotum); a series of
ducts; and a number of glands. Development of the male germinating cells (sperm) in
the testes requires a temperature slightly lower than that of the body (about 35° C or
95° F); this is achieved by their separation from the warmer body cavities. The tem-
perature within the scrotum can be adjusted slightly by the contraction/relaxation of
smooth muscle (dartos muscle) in the scrotal wall, tightening or loosening the tension
of the wall about the testes. Mature sperm are stored in the epididymis; with stimulus,
sperm cells are induced to move into and through the ductus (vas) deferens by rhyth-
mic contractions of the smooth muscle in the ductal wall. Within the ductus deferens,
the sperm pass through the abdominal wall (via the inguinal canal) and pelvic cavity
to enter the prostatic urethra via the pencil-point-shaped ejaculatory duct. Here the
nutrient-rich secretions of the prostate gland and seminal vesicles are added to the
population of sperm in the prostatic urethra, forming semen. Prior to the release of
the semen (ejaculation), the bulbourethral glands add secretions to the urethra. The
penis and scrotum constitute the external genital organs.

Enlargement of the prostate is common (prostatic hypertrophy/hyperplasia) in men
50 years and older. The glands and connective tissues surrounding the urethra are
subject to thickening and blocking urine flow (benign prostatic hypertrophy). Neo-
plastic growth (prostatic carcinoma) is less common (5-15% of men with prostatic
hypertrophy) and occurs in the more peripheral tissues of the prostate.

Urinary
bladder

]
Ureter
o i
._

Urogenital

Erectile diaphragm

bodies

= Erectile
> bodies

ANTERIOR VIEW
(Schematic)

SPERMATIC CORD--
CRVERINGS «
CONSTITUENTS

PUETUS DEFERENS -
TESTICULAR ARTERRY.
TESTIGULAR VEIWx

The testicular artery and vein, and some nerves and lymphatics, join the ductus def-
erens just before entering the deep ring (intra-abdominal orifice) of the inguinal canal.
The collection of these form the constituents of the spermatic cord. Passing through
the inguinal canal, they become invested by a representative layer from each of the
abdominal wall layers (less rectus); these are the coverings of the spermatic cord
and testes (here represented as one layer; see Plate 51). In a vasectomy procedure,
the ductus deferens is identified within the cord and it alone is divided. A number

of techniques (ligatures, cauterization, folding and burial, and so on) are used to
prevent the natural tendency of the transected duct sections to recanalize.






REPRODUCTIVE SYSTEM

BESIIS,

CN: Use the colors employed for the testis, epididymis, and ductus def-

erens on the previous plate with those same structures here (A, E, and
F). Use red for U and light colors for G, H, I, S, and T. (1) Note that the
spermatogenic epithelium is colored gray in the cross section through
the tubules above and that the tubular lumen is not to be colored.
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SERTU A
SEMIMICEROUS TUBULES
RETE TESTIS ¢
CFEFERENT DVETD
ERIDIDYNS HEAR: BORYE UAIE:
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SEPERMATOGOMIUMe
RPRIMARY SPERMIATOEYTE «
SECONDARY SEPERMAT®CYTE!
SPERMATID 4
SPERMAETOZBO@OWN «
HEAD--
RAGCROSOME .
WVELEWVS m
TEOE -
WEGHE ~
MIEPDLE PIECE o
M0TECHEXDRIEW)
FPERINGIRAL PIEEE a
BD PIEGCER

SERTELI SURPRORTINEG CELL s
BRSEMENT MEMEBRAENE &
WTERSTITIAL CELL OF LEYDI@)r
BLOCD VESSEL v

The testes (testicles) arise on the posterior abdominal wall during
fetal development; as the developing body lengthens, they appear
to "descend” into outpocketings of the anterior abdominal wall
(scrotum). The testes have two principal functions: development
of male germ cells (sperm or spermatozoa) and secretion of test-
osterone, the male sex hormone.

Each testis has a dense, fibrous, outer capsule (tunica albuginea)
from which septa are directed centrally to compartmentalize the
testis into lobules. One to four highly coiled seminiferous tubules
exist in each lobule. These tubules converge toward the posterior
side of the testis, straighten (tubuli recti), and join a network of
epithelial-lined spaces (rete testis). Efferent ducts leave the rete
to form the head of the epididymis. The convoluted epididymal
duct (head, body, tail) is lined with pseudostratified columnar
epithelium, one type of which contains long, immobile cilia
(stereocilia). At the lower portion of the epididymis, the tubule
turns upward to form the ductus deferens. The wall of the ductus
deferens, lined with pseudostratified columnar epithelium with
stereocilia, contains significant smooth muscle, the rhythmic
contractions of which drive sperm toward the prostate gland
during emission.

Each seminiferous tubule consists of a lumen with walls of com-
pact, organized masses of cells (spermatogenic epithelia and
supporting/(Sertoli) cells) encapsulated by a thin, fibrous base-
ment membrane. The most immature of the sperm-developing
cells are the spermatogonia. These divide, and the daughter
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SECTIONAL VIEW
OF A TESTIS
(Schematic)

LINING OF SEMINIFEROUS TUBULE Y

cells are pushed out toward the lumen of the tubule. These cells
differentiate into primary spermatocytes, the largest of the devel-
oping germcells. When they divide to become secondary sper-
matocytes, the chromosome number is reduced from 46 to 23
(meiosis). Each pair of newly formed secondary spermatocytes
rapidly divides again to form four spermatids. These small cells
mature by developing tails, condensing their nuclei and cyto-
plasm, and developing acrosomal caps (with enzymes to break
down the wall of the ovum and permit penetration). The mature
sperm cell (spermatozoon) consists of a head of 23 chromo-
somes (nucleus) including the acrosome, a middle piece con-
taining mitochondria to power cell movement, and the rest of

the tail (fibers containing microtubules; the end piece is essen-
tially a single flagellum), whose flagellations provide the cell's
motive force. However, early spermatozoa are essentially immo-
tile and incapable of fertilizing ova. They are swept into the epid-
idymis from the rete testis via the efferent ducts by ciliary action
and fluid flow; there the they mature into potent and motile

sperm cells.
SPERMATOZOON

The interstitial cells dispersed in the vascular loose connective (Sperm cell)

tissue around the tubules include fibroblasts as well as the secre-
tory cells (of Leydig), which are known to produce and secrete
testosterone into adjacent capillaries. This male sex hormone
stimulates the development of ducts and glands of the reproduc-
tive tract at puberty (generally between 11 and 14 years of age)
as well as secondary sex characteristics.
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See 53, 114

REPRODUCTIVE SYSTEM

MARALE UROGENMITAL STRUCTYURES

CN: Use blue for |, red for J, yellow for K, and very light colors for D,
E, and G. (1) Color the two upper views simultaneously, noting that 1(
the superficial and deep fascia (G, H) have been omitted from the { Symphysis

1 .

coronal view. (2) Color the structural view and the cross section. ,PUS'S
AT

Fundiform
ligament o

VRETHRRA--
PROSTATIC Ws A

SAGITTAL . | [/,
VIEW s
(Schematic) /
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layer of superficial fascia. The erectile tissue
consists of lakes of veins (cavernous sinuses)

- Semmal
et vesncle Y,

* Ductus “F 4
- deferens | 4

& \1___('( External anal
H Fe) \ M sphincter m.
Bulbospongiosus m.

Trigone of
nnary bladde

The urethra in the male has an extensive (20 cm
or so) course from the neck of the bladder to the

external urethral orifice at the end of the penis. The  bound by fibroelastic tissue and smooth muscle. Co\ngx“ x
prostatic urethra receives urine from the urinary These sinuses are fed by arteries in the erectile (Schematic)

bodies. During sexual activity, these arteries

dilate secondary to increased autonomic motor Skin
activity, and the volume of blood entering the

sinuses increases, expanding the erectile tissue.

As aresult, the veins at the periphery of the erec-

tile bodies deep to the tunica albuginea are

pressed against the capsule (unable to drain

blood) and the penis enlarges and becomes

rigid (erection). The glans remains non-rigid.

bladder, sperm from the ejaculatory ducts, seminal
fluid from the seminal vesicles, and secretions
from the prostate via several ducts. Reflex contrac-
tion of the bladder neck muscles prevents voiding
of urine during the expulsion of semen. The urethra
continues through the pelvic diaphragm and into
the thin, fibromuscular urogenital diaphragm as
the membranous urethra. The spongy urethra
passes through the penis. Numerous mucus
glands exist in the urethral mucosa.

The penis consists of three bodies of erectile
tissue, ensheathed in two layers of fasciae. The
corpora cavernosa (the two lateral bodies) arise
from the ascending rami of the pubic bones; the
central corpus spongiosum arises as a bulb sus-
pended from the inferior fascia of the urogenital
diaphragm (perineal membrane). Each body
consists of erectile tissue with a fibrous capsule
(tunica albuginea); the corpus spongiosum con-
tains the urethra as well. The three bodies are
bound together in a dense stocking of deep per-
ineal fascia and hang as a unit suspended by the
deep suspensory and more superficial fundiform
ligaments. Deep to the skin of the penis is a

internal I
pudendal a.

STRUCTURAL
VIEW

Subcutaneous

dorsal v. I Deep

-] External CROSS SECTION
——7/— urethral OF PENIS
orifice (Through the middle)
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CEMALE REPEODVSTIVE S¥YSUTEMN See 53, 114, 159

CN: (1) Color the two (upper) views of the internal reproductive
structures simultaneously. In the sagittal view, color the double line EXTERNAL
representing the peritoneum in gray. (2) In the lower drawings, color
the vestibule (N) gray after coloring the other structures located in
that area (L-P). (3) In the dissected view of the external structures,
take note of the surrounding musculature, none of which is colored.

Ovarian
ligament

MEDIAL VIEW
(Right side, genitourinary structures)

IWTERAAL STRYCTURES:: e
OUARY A ek
UTERINE (FALLOPIAR) TUBE «

VrERUS. Suspensory
VAIGHNAY '

The primary organ of the female reproductive system is
the ovary, which produces the female germ cells (ova)
and secretes the hormones estrogen and progesterone.
Each ovary, like the testis, arises on the posterior abdom-
inal wall (adjacent to the kidneys) during early fetal devel-
opment. It also descends along that wall, like the testis,
but is interrupted early in its journey by a ligament and

is retained in the pelvis. The uterus serves as a site for

Posterior

Round lig. 7]
of uterus 7 ! Y\
\ N1EN

Vesicouterine )
ectouterine /

implantation and nourishment of the embryo/fetus. The Revgh \ V-y ¢ pouch /
uterine tubes provide a conduit for the freshly fertilized - \-; 8 < ~',./Forni>x.'v/' |
or unfertilized ovum enroute to the uterus. The vagina, a bladder | 7 ‘Ef/r‘ héétu}}; y i
fioromuscular sheath, receives the semen from the penis “ % Y A //
and transmits it to the uterus and acts as a birth canal Pubic & /
from the uterus to the outside for the newborn. bone

ERTERNAL STRVEBTURES--

CRAGBIUM MAIVSE BULE OF THE VESTIBUVLEL
TABIUMNEMIINUSE VESTIBULAR GLAWD/DUET -
FRENVLUVM e VESTIBULE N
PRERPUECEY VRETHREL @RIFICE
CLITERIS: VASINAL ORBICICED /[HMYMEN e
GLAWS:
BIO/D)H#
CRUSK

The female external genitals collectively constitute the
vulva. They are located within the perineum. The /abia |Schiccavernosusimy:
majora are fat-filled folds of skin largely obscuring the v
cavity/space between them (vestibule) that contains the ~ Bulbospongiosus m.3__ |
urethral and vaginal orifices. Medial to the labia majora //"// ;
are thin folds of skin (/labia minora) that approach the cli- Ischiopubic /*
toris anteriorly and split around it, forming the frenulum S s
and prepuce of the clitoris. Like the penis, the clitoris has
a crus (pl. crura) arising from each ischiopubic ramus; the
two crura join in the midline to form the body or corpus. /
The body is capped by a skin-covered, vascular, sensitive 7
glans. These clitoral components contain erectile tissue

(less in the glans) enclosed in fascial coverings; their

Symphysis
pubis 7\<
-

= Urogenital
/f— diaphragm

erection or rigidity is accomplished by the same mecha-  agipose 2 — ; 0§
nism operative in the penis. The clitoris, unlike the penis, tissue > N
o=

does not incorporate the urethra. The bulbs of the vesti-
bule are homologous to the bulb of the penis, but sepa-
rated into two erectile bodies. They are covered by the perineal m.

commissure —

Perineal .

bulbospongiosus muscle and protrude into the vagina Anus body
during sexual stimulation. The vaginal orifice is com- DISSECTED X, : SURFACE
i i VIEW AN EXTERNAL -
pletely orincompletely covered or surrounded by a rim /i PH GENITALS e VIEW
of mucosa called the hymen. Remnants of it (as shown) External Y (Sexually active female) R
sphincter m.—7" | | ) Anus

are often retained in the sexually active female.

'






REPRODUCTIVE SYSTEM

QVARY

CN: Use the colors from the preceding plate for the ovary (A) and uterine tube (M).
red for K and R, yellow for L, blue for S, and very light colors for C-J, M, O, and P.

Color the development of the female germ cell in both upper and lower views of the
sectioned ovary. The oocyte (C) is colored through ovulation. In the large illustration,
color the background stroma (B) gray; do not color the blood vessels in the stroma.
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Cut edge
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POSTERIOR VIEW
(Schematic)

Development of female germ cells and the secretion of the hormones
estrogen and progesterone are the functions of the ovary. Confined by
the thin but dense fibrous tunica albuginea, lined with epithelium, many
ovarian follicles in various stages of development can be seen in the
connective tissue stroma. A follicle consists of an immature epithelial
germ cell (oocyte) surrounded by one or more layers of non-germinat-
ing cells. These germ cells were seeded in the ovary early in devel-
opment—over 400,000 of them. Of these, only 500 or so will mature,
the rest stopping short in their development and degenerating with
their follicular cells (atretic follicles). Development of an ovum starts
with the primordial follicle—an oocyte with one layer of follicular cells.
The oocyte increases in size and maturity as the follicle cells increase
in number. In secondary follicles, a small cavity (antrum) filled with fol-
licular fluid appears. This antrum continues to increase/expand at the
expense of the follicle cells, which are pushed away from the oocyte

UTERUS AND OVARIES

ovarian a.and v. £

161

LUTEAL (SECRETORY) PHASE
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OVARIAN
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(Posterior view)

Tubal branch
of uterine
artery and vein

Branches of

/
Cut edges
of mesovarium

except for a layer of cells (mature follicle). Those cells in the outermost
part of the follicle secrete estrogen during the proliferative phase of the
reproductive cycle. On about the 14th day of that cycle, the ovuum (sur-
rounded by a glycoprotein coat—the zona pellucida—and a “corona
radiata” of follicular cells) bursts from the follicle into the waiting fingers
(fimbriae) of the uterine tube. The ruptured follicle involutes, and some
bleeding and clotting goes on (corpus hemorrhagicum) as the follicle
cells transition, characterized by accumulating large amounts of lipid.
This newly formed structure (corpus luteum) secretes estrogen and
progesterone during the secretory phase of the cycle; in the event of
pregnancy, it will support the developing embryo/fetus for up to three
months with these secretions. Should pregnancy not ensue, the corpus
luteum will involute and degenerate as the corpus albicans. Follicles or
corpora albicans/lutea collectively relating to two or three different but
sequential cycles can be seen in the ovary at one time.

See 162

Zona
pellucida






REPRODUCTIVE SYSTEM

VTERUS; UVTERINE TYUBES & VAGINA

CN: Use red for N, blue for O, and light colors for D, E, and Q. (1) Begin with
the left half of the large illustration. Only parts of the ovarian and uterine veins are
shown. Nerves and lymph vessels that may accompany arteries and veins are
not shown. (2) Color the two views of the anteflexed and the retroflexed uterus.
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The ovaries, uterus, uterine tubes, and vagina make up the internal organs
of reproduction in the female. The ovaries are suspended on the posterior
layer of the broad ligamentby a peritoneal extension (mesovarium), and
supported by the suspensory ligament of the ovary(a lateral extension of
the broad ligament and mesovarium), the ovarian ligament, and the round
ligament (from the lateral wall of the uterus to the medial wall of the ovary).
In this view, the ovaries have been brought to the horizontal to better clarify
their relationship to the uterine tubes. The uterine tubes, suspended in a
part of the broad ligament (mesosalpinx), are lateral extensions of the
uterus, lined with ciliated columnar epithelium supported by connective tis-
sue and smooth muscle. The rhythmic contractions of this muscle aid the
ovum in its trek from the fimbriae to the uterine cavity, and the lining cells
support it nutritionally. The tube shows three rather distinct parts: the distal
fimbriae (finger-like projections), which "catch” the discharged ovum and
whisk it into the tubular lumen; the ampulla or widest part of the tube; and
the isthmus, whose lumen narrows as it enters the uterine wall/cavity.

ANTERIOR
VIEW

(Structures on
right side dissected
in coronal plane)

The uterus is a pear-shaped structure whose neck (cervix) fits into the
upper part of the vagina and whose body (fundus)is bent (anteflexed) and
tited (anteverted) anteriorly over the bladder. Backward bending/tilting
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(retroflexion/retroversion) of the uterus is not uncommon, particularly in
women who have given birth. The retroflexed uterus predisposes to mild
slipping into the vagina (prolapse) when the uterus is more in the axis of
the cervix/vagina. Such an event is generally resisted by the pelvic and
urogenital diaphragms, the perineal body, and numerous fibrous ligaments
(broad ligament, and condensations of the pelvic fasciae, not shown)
mooring the uterus and its tubes to the pelvic wall and sacrum. The wall
of the uterus is largely smooth muscle (myometrium) lined with a glandular
surface layer of variable thickness (endometrium) that is extremely sensi-
tive to the hormones estrogen and progesterone.

The vagina is an elastic, fibromuscular tube with a mucosal lining of strat-
ified squamous epithelium. The anterior and posterior mucosal surfaces
are normally in contact. The anterior vaginal wall incorporates the short (4
cm) urethra. Remarkably, the mucosa of the vagina lacks glands; secretory
activity during sexual stimulation is derived from a transudate of plasma
from the local capillaries and from glands of the cervix. The vaginal lining
reveals few sensory receptors. Where the cervix fits into the vagina, a cir-
cular moat or trough is formed around it (fornix, fornices). The fibroelastic
posterior fornix is capable of significant expansion during intercourse.
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REPRODUCTIVE SYSTEM

MENSTRYAL GYCLE

CN: Use yellow for B, red for G, and a very light color for A. (1) Color the time bar
of the menstrual cycle at the bottom of the main diagram. Color the arrows C and
D in the drawing on hormonal influences above. Then color the hormonal curves
C and D in the main diagram, followed by the different follicular stages of the
ovarian cycle (A, B), noting how these hormones influence the follicular changes
(2) Color the arrows E and F and the endometrium in the diagram above. Color
the curves E and F in the main diagram, followed by the uterine structures in the
menstrual cycle, noting how these hormones influence endometrial growth and
menstruation. Color only the epithelial surface, glands, and vessels of the
endometrium. (3) The days indicated are approximate. The hormonal curves
reflect relative plasma hormone levels and are not absolute values.

CVARIAN) CYELEZ--
PRIMERDIAL FOLoa
PRIMARY BOLos
SECONDARY (FELLoa:
MATURE FOLoa>
OVYLATION A+
CORPUS LUTEYMS,s'
CORPUS ALEBICANS s

ESTEIS
GHp

OVARIAN HORMONES

HEORMONAL CYELE

HYPOPHYSEAL HORMONES

ESTROGEWNE

163

See 153,161, 165
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The 28-day human female reproductive cycle, initiated and maintained by
hormones, involves significant alterations in ovarian (follicular) and uterine
(endometrial) structure. The cycle is characterized by periods of endo-
metrial breakdown and discharge (menstruation), which begin at about 12
years of age (menarche) and end at about 45 years of age (menopause).
The progressive changes that occur in the ovary and uterus during each
cycle serve to develop and release the female germ cell for possible
fertilization by the male germ cell and to prepare the endometrium for
implantation of the fertilized ovum.

The menstrual period constitutes the first five days of the cycle. Note the
loss of endometrial tissue and attendant bleeding during this time. Endo-
metrial regrowth begins on about the 5th day of the menstrual cycle and
is precipitated by hormones from the ovarian follicles. The ovarian cycle
is regulated by hormones from the adenohypophysis (anterior pituitary
gland), specifically follicle stimulating hormone (FSH)and luteinizing hor-
mone (LH). During the last few days of the previous cycle and the first
several days of the next, these hormones stimulate follicular development.

As the selected follicle develops, it begins to produce estrogen on about
the 7th day. Estrogen enters the circulation and influences endometrial
growth (proliferative phase). On about the 14th day of the menstrual cycle,
the combined “spikes” of increased concentrations of FSH, LH, and
estrogen induce ovulation: bursting of the mature follicle and release of
the immature ovum into the fimbriae of the uterine tube. After ovulation,
the burst follicle undergoes significant reconstruction (corpus luteumn)

influenced by LH. On about the 21st day, this body secretes progesterone
as well as estrogen, a combination with remarkable influence on endome-
trial glandular development (secretory phase). This phase is characterized
by the development of numerous secretory cells in the epithelium, a con-
nective tissue stroma edematous with secretions from developing glands,
and spiral arteries taking a tortuous course about the many glands—a con-
dition conducive to nutritional support for an implanted fertilized ovum. If
fertilization occurs (on about day 16), the corpus luteum becomes the prin-
cipal source of hormones supporting development of the embryo and will
continue as such for the next 90 days or so or until the placenta is capable
of producing its own hormones.

In the absence of fertilization, on about day 26 the corpus luteum begins
to involute (forming a corpus albicans), and estrogen/progesterone levels
drop. Lacking hormonal stimulation, the endometrium experiences reduced
glandular secretion in the presence of continued fluid absorption by the
local veins, and the tissues collapse. The spiral arteries are flexed by
these events, rupture, and hemorrhage with considerable hydraulic force;
epithelial lining, glands, and fibrous tissues are disrupted and the struc-
tural integrity of the endometrium is largely destroyed. The vessels rapidly
constrict, and bleeding is generally limited. The broken tissue (menstruum,
mostly glandular tissue and secretions), blood, and one or more unfertilized
ova gravitate toward the vagina. After 3-5 days of menstruation, only
about 1 mm (in height) of endometrium is left for regeneration. Within the
next two weeks, it will regenerate 500% to a height of about 5 mm!
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REPRODUCTIVE SYSTEM

BREAST (MARMMARY GLAND)

CN: Use yellow for E, pinks, tans, or browns for J and K, and light
colors for A, D, E, and G. (1) Color the two illustrations of the breast
and underlying breast structures simultaneously. (2) Color the
arrows indicating the direction of lymph flow and the lymph nodes
of the chest. If you wish, you may color over the network of lymph
vessels. (3) Color the diagrams of breast development. (4) Color
the enlargement of glands and ducts in the lower right corner.
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CYMPHATIC REAINAGE .

The breast (in both males and females) is an area of fatty (adipose and loose
areolar) fibrous tissue, with associated nerves and blood and lymphatic vessels,
in the subcutaneous fascia overlying the pectoralis major muscle on the anterior
chest wall. The fatty tissue is supported by extensions of the deep fascia over-
lying the muscle (suspensory ligaments) and functions most prominently in the
young, well-developed, post-pubescent (after puberty) female breast. Packed
within the adipose tissue is a collection of branching ducts (/actiferous ducts).
In the male and in the non-pregnant (non-lactating) female, these ducts are
undeveloped. There are few or no glands (alveoli) associated with the ducts

in those populations. At puberty, the increased secretion of estrogen from the
ovaries (and perhaps the adrenal glands) in the female influences an enlarge-
ment of the nipple and areola and a generally marked increase in local fat
proliferation. As a result, the breast enlarges to some degree (highly variable).

Inthe early stages of pregnancy, the lactiferous duct system undergoes profound
proliferation, and small, inactive tubular and alveolar (tubuloalveolar) glands form,
opening into alveolar ducts. A lobule consists of a number of these ducts and
glands; a lobe (of which there are 15-20) consists of a number of lobules and an
interconnecting interlobular duct. The interlobular ducts converge to form as many
as 20 lactiferous ducts. These ducts dilate to form /actiferous sinuses just short
of the nipple, then narrow again within the nipple. These sinuses probably func-
tion as milk reservoirs during lactation. The nipple consists of pigmented skin
with some smooth muscile fibers set in fibrous tissue. Erection of the nipple may
enhance flow of milk through the ducts. The circular areola, also pigmented more
highly than the surrounding skin, contains sebaceous glands that may act as a
skin lubricant during periods of nursing. In the latter stages of pregnancy, the
alveolar glands undergo maturation and begin to form milk. Milk production peaks
after delivery of the newborn as the result of the action of several hormones influ-
encing the gland cells. The letdown and excretion of milk results from a neuro-
endocrine reflex mechanism initiated by the baby’s sucking on the nipple.

The lymphatic vessels are an important part of the breast: they drain the fat
portion of the milk produced during lactation. They also transfer infected material
or neoplastic (cancer) cells from the breast to more distant parts. The potential
lymphatic avenues for metastasis or spread of infection are shown above.
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HUMAN DEVELOPMENT

PEVELORPKMIENT OF CIBRYO ()

CN: Use light colors throughout. (1) Follow the events from fertilization to implantation.

The number of days cited in this and the following two plates are days after (post-)
fertilization. Fertilization occurs about 14 days after the last day of menstruation;
physicians date fetal age by time since last menstrual period (LMP). Thus, fetal age
according to LMP is 14 days earlier than true (post-fertilization) age.

ZeNA PELLYCID®A
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TRORPKNOBLAST o
IMVER CELL MRSS H
BLASTOCOELE :

Uterine.
tube
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(First cell)
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Following ovulation, the ovum enters the uterine tube and proceeds toward
the uterus. It reaches the ampulla of the tube in about 30 minutes. if
sperm-laden semen has been deposited in the fornices of the vaginain
the preceding several minutes to 24 hours, a few hundred of the original
50 million or more sperms will succeed in reaching the ampulla. Over a
period of several hours, the sperms become activated, and with the aid
of sperm-produced enzymes, one of the sperms will penetrate the corona
radiata (retained follicular cells) and zona pellucida of the ovum, fuse with
the plasma membrane (leaving its cell membrane attached to the ovum's
plasma membrane), and enter the ovum. This event is called fertilization.
As the tail breaks down and disappears, the head of the sperm enlarges
and forms the male pronucleus. The nucleus of the ovum is the female
pronucleus. The two pronuclei approach each other, fuse nuclear
membranes, and form a single nucleus. The male and female chromo-
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o
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G
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somes join up in the metaphase stage of the first mitotic division of
the fertilized ovum. The first cell of the new individual is called a
zygote.

The zygote undergoes division (cleavage stage) to formtwo blasto-
meres. Over the next two days or so post-fertilization, within the
restraints of the zona pellucida, the cells divide to form a four-cell
blastomere and again to form eight cells, and so on, until a ball of cells
(morula) is formed. After about five days, the cells within the morula
disperse enough to accommodate progressively enlarging fluid-filled
cavities. Some cells are pushed aside to form a peripheral rim of cells
(trophoblast) enclosing a large single cavity (blastocoele);, some cells
form an inner cell mass within the blastocoele. This multicellular struc-
ture is called a blastocyst. The blastocyst enters the uterus and
implants in the endometriurn on about the 7th day post-fertilization.
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HUMAN DEVELOPMENT

PEVELORPMENT OF BMBRYO (&)

CN: Use the same color as on the previous plate for trophoblast (C) and
note that the syncytiotrophoblast (D) is now given a separate color. Use
yellow for F. Complete each drawing before proceeding to the next.

2 LAYER EMBRYOWIC DISEC -
ERIBLASTA

HYRPOBLAST:

TROEPHOBLAST

STWEYTICTRBEEHOBLAST

AMWICNEe AMMIOTIC CAVITY e

TOLIT SAGCE PRIIAR s SECONDRARY
E30CELOMIC MEMEBRANE.

EBRTRAEMERYOMIC MBI ERANIE
COWMECTING STARLGK 1

EXTRAEMBRYONIC COELOM 1

BLAVER BMBRYEOMIC PISE --
BT OLERM A
MESODERM )
ENMDODERW «

On day 11 post-fertilization, the inner cell mass gives rise to a flat
embryonic disc, consisting of a layer of columnar cells (epiblast)
and an adjacent layer of cuboidal cells (hypoblast). The epiblast
will develop almost entirely into the embryo. The amniotic cavity
develops among the trophoblast cells adjacent to the epiblast; the
roof of the cavity is called the amnion. The embryo and subsequent
fetus will develop within this cavity. The trophoblast also gives rise
to the primary yolk sac; the cells lining this sac are continuous with
those of the hypoblast. Though it has no yolk, the sac probably has
a nutritional function for the embryonic disc. Cells of the tropho-
blast form an extraembryonic mesoderm tissue (membrane) that
largely fills the cavity once known as the blastocyst.

By day 14, the primary yolk sac diminishes in size, replaced by a
secondary yolk sac. Cavities within the extra-embryonic membrane
form a single cavity (it looks paired, but the connection between
yolk sacs does not create two cavities). This cavity (I) surrounds the
amnion/amniotic cavity and the yolk sac except where the amnion
retains a connecting stalk to the trophoblast layer.

By day 16, the epiblast undergoes significant changes. The primary
yolk sac is gone. Cells emerge from the epiblast and migrate into
the area between the epiblast and hypoblast and into the hypoblast
itself. The cells between are embryonic mesoderm cells; the cells
migrating into the hypoblast layer form embryonic endoderm. The
remaining epiblast cells become embryonic ectoderm. The earlier
two-layered embryonic disc has formed into a three-layered embry-
onic disc. These three layers are called germ layers, and they give
rise to the cells and tissues of the body. From ectoderm form the
skin and related glands, nervous system, hypophysis, lens of the
eye, and inner ear. From mesoderm form bones, muscle and con-
nective tissues, lymphoid organs, blood, the urogenital system,
and serous membranes. From endoderm form the epithelial part
of the gastrointestinal system and respiratory system as well as
the epithelia of the pharynx and thyroid.
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By day 24 post-fertilization, the once flat embryonic disc has
rounded to form within the amniotic cavity an embryo with a PLACENTA 3X
definitive head end and tail end, secured to the chorion (C, D, H) ~ (Fetalparh
by the connecting stalk. As the lateral folds of embryonic meso- Umbilical
derm encircle the ventral (anterior) part of the embryo to form the cord
anterolateral abdominal walls, the yolk sac is pinched off and
formation of the primitive gut begins. By the end of three weeks T?
post-fertilization, the gastrointestinal tract, brain, and heart have 2@ EMEEVD 3 y
begun their development. - 5
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HUMAN DEVELOPMENT

GBRYR/FRTYS COVERBINGS Ghorion

CN: Use the same colors for structures B and C that were
given to them on the preceding plate. Use the color given to
“connecting stalk” for the umbilical cord (A), and use the
color given to “trophoblast” for chorion (D). (1) Color the
embryonic coverings. The uterine cavity is colored gray,
though it is actually lined with the decidua capsularis (E).
Note that the amniotic cavity (C'), chorionic cavity (D), and
the embryo/fetus are left uncolored. (2) The umbilical cord
is composed of different blood vessels but receives one
color (A). The band representing the uterine wall (below)

is colored with both G and H.
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The developing embryo (called a fetus after eight weeks of
development) lies within and is supported, nurtured, and pro-
tected by membranes and sacs. These coverings have both
maternal and fetal origins.

Those of fetal origin include the amnion and chorion/chorionic
villi, the umbilical cord, and the yolk sac. The chorion forms a
sac around the early embryo; the cavity of the sac is the chori-
onic cavity (recall Plate 166). As the embryo grows, the chori-
onic sac is obliterated and the amnion and chorion fuse
(amniochorionic membrane). The chorion exhibits villi circumfer-
entially early on (e.g., 24-day embryo); in time, most of the villi
are absorbed except for those in the developing placenta (8-
week embryo), creating a smooth chorion around the amnion
and a bushy one (the villi and an underlying chorionic plate) in
the future placenta. This is the situation of the fetal membranes
at term (40 weeks).

The coverings of maternal origin (the decidua), are thickened,
fairly distinct layers of the uterine mucosa (endometrium) in
which the blastocyst implanted. In the 8-week embryo (above),
the decidua basalis is integrated with the fetal villi to form the
placenta. The decidua capsularis surrounds the embryo and its
membranes. The decidua parietalis lines the uterine cavity,
superficial to the myometrium.

The parietalis is continuous with the capsularis, as shown. This
is the situation with the maternal membranes at eight weeks.

When the fetus grows to the point of pushing the decidua
capsularis against the parietalis, the uterine cavity is obliter-
ated. The capsularis soon degenerates, leaving only the pari-
etalis (lower illustration). This layer will be retained after birth
as the basal endometrium. The decidua basalis and chorionic
villi (placenta) will be discharged after birth.

The fetus develops within the fluid-filled amniotic cavity. The
plasma-like fluid gives freedom to the embryo to develop its
form without mechanical pressure. It also acts as a water
cushion, absorbing shock forces. Just prior to birth, the amnio-
chorionic membrane surrounding the fetus bursts, sending a
half liter or more fluid into the vagina and to the outside (break-
ing the "bag of waters"). Parturition (childbirth) generally occurs
about 280 days (40 weeks) after fertilization.
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See 166, 170
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HUMAN DEVELOPMENT

BYROCHOYRRBAL @SSIFICATION

CN: Use the same colors as used on the previous plate for hyaline
cartilage (A), periosteal bone (B), which was compact bone on Plate
7, and endochondral bone (E), which was spongy bone. Use red for
D. Complete each stage before going on to the next. Do not color the
periosteum, which appears adjacent to periosteal bone in step 3 and
continues to the end. Color the small shapes (E) that appear in the
epiphyses and, to a lesser extent, the diaphyses (views 5-8). They
represent spongy (cancellous) bone of endochondral origin.

Bone development occurs by intramembranous and/or endo-
chondral ossification. Here we show longitudinal sections of
developing long bone, demonstrating both forms of ossification
but emphasizing endochondral bone growth.

The endochondral process begins at about 5 weeks of post-
fertilization age with formation of cartilage models (bone proto-
types) from embryonic connective tissue. Subsequently (over
the next 16--25 years), the cartilage is largely replaced by bone.
The rate and duration of this process largely determines a per-
son’'s standing height. Intramembranous bone development
begins in embryonic connective tissue (membrane) and does
not involve replacement of cartilage. The flat cranial bones, the
clavicle, and the bone collar surrounding the shaft of cartilage
models develop in this fashion.

Endochondral ossification begins with a hyaline cartilage model
(1). As the cartilage structure grows, its central part dehydrates.
The cartilage cells there begin to degenerate: they enlarge, die,
and calcify (2). At the same time, blood vessels bring bone-
forming cells to the waist of the cartilage model, and a collar of
bone is formed around the cartilage shaft (2) within the mem-
branous perichondrium (intramembranous ossification). This
vascular, cellular, fibrous membrane around the bone collar is
now called periosteum. The new bone collar (periosteal bone)
becomes a supporting tubular shaft for the cartilage model,
with a core of degenerating, calcifying cartilage (3).

Blood vessels from the fibrous periosteum penetrate the bone
collar, enter the cartilage model (periosteal bud), and proliferate,
conducting periosteal osteoblasts into the cartilage model (4).
Starting at about 8 weeks post-fertilization, these bone-forming
cells line up along peninsulas of calcified cartilage at the
extremes of the shaft (diaphysis) and secrete new bone (5). The
calcified cartilage degenerates and is absorbed into the blood;
endochondral bone has now replaced the cartilage. The two
sites of this activity are called primary centers of ossification (5).
The direction of growth at these sites is toward the ends of the
developing bone. The calcified cartilage and some endo-
chondral bone of the diaphysis are subsequently absorbed,
forming the medullary or marrow cavity (5). This cavity of the
developing tubular bone shaft becomes filled with gelatinous
red marrow in the fetus. Productive primary (diaphyseal)
centers of ossification are well established at birth.

Beginning in the first few years after birth, secondary centers

of ossification begin at the ends or epiphyses as blood vessels
penetrate the cartilage there (6). The healthy cartilage between
the epiphyseal and diaphyseal centers of ossification becomes
the epiphyseal plate (7). It is the growth of this cartilage that is
responsible for bone lengthening; it is the gradual replacement
of this cartilage by bone cells in the metaphysis (7) that thins
this plate and ultimately permits fusion of the epiphyseal and
diaphyseal ossification centers (8), ending longitudinal bone
growth (at 12-20 years of age). Dense areas of bone at the
fusion site may remain into maturity (epiphyseal line). Epiphy-
seal bone is less structured (irregular beams) than that of the
diaphysis (organized columns or osteons), and in maturity it

is called spongy or cancellous bone (recall Plate 7).

Intramembranous ossification of the diaphyseal shaft (bone col-
lar to compact bone) is responsible for the widening of develop-
ing long bone. The ossification process is regulated by growth

hormone (from the pituitary gland) and the sex hormones.
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(Redrawn and reproduced. by permission. from Bloom and Fawcett,
A Textbook of Histology, 10th Ed. W.B. Saunders Co., Phila. PA 1975)






HUMAN DEVELOPMENT

PRYVELOPMEBWT ©F
CEMTRAL WMBERVOVS STYSTEM

CN: Use light colors for A and C. (1) Begin with the two dorsal
views of the 20-day-old embryo. Color as well the large arrows Connecting. S

169

See 70, 80, 166

pointing to the surface locations. Simultaneously color the dia- stalk
grammatic cross section to its right. Follow the same procedure
for the later views of the growing embryo. (2) Color the stages of DORSAL VIEW

brain development in the head end of the neural tube. Embryg < ﬁ
DEVELOPMENT

OF NEURAL TUBE
C A C Ectoderm

- /

NEURAL PLATE:
FELDx g
TUB(EA e, A

WEVRAL GROCVEs T Ty Mesos

WEVRAL CRESU: Yok XN 7

The nervous system develops from the dorsal surface of the
ectodermal germ layer (future skin) of the embryo. In the 20- to
21-day embryo, a longitudinal groove (neural groove) begins to
form on this thickened layer (neural plate). In the central part of
the plate, the groove deepens, forming neural folds on either
side. Deepening of the neural groove proceeds toward the head
and tail ends of the embryo. By 22 days, the dorsal part of the
folds fuse in the central part of the groove, forming a neural
tube. During this process, the neural tube separates from the
ectoderm. By 24 days, formation of the neural tube has pro-
gressed to the extreme ends of the embryo. Much of the neural
tube will form the spinal cord; the head end of the tube will form
the brain. The neural crest cells, formed from the neural folds,
will develop into certain nerve cells of the peripheral nervous
system and Schwann cells. The surrounding mesoderm will
formthe cranium and the vertebral column and related muscles.
The notochord (a primitive supporting rod for the embryo) will
be absorbed by the developing vertebral column, and remnants
of it will remain as the core of the intervertebral discs (nucleus
pulposus). The endoderm will contribute to the development

of the digestive tract.
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By the end of three weeks of embryonic development, three
regions of the developing brain are apparent: forebrain, mid-
brain, and hindbrain. With further growth, the forebrain expands
to form the massive telencephalon (endbrain; future cerebral
hemispheres) and the more central diencephalon (“between”
brain; future top of the brain stem). The midbrain retains its
largely tubular shape as the mesencephalon (midbrain; future
upper brain stem). The hindbrain differentiates into the upper
metencephalon ("change” brain; future middle brain stem) with

Endoderm
(Gut)

a large dorsal outpocketing (future cerebellum), and the lower WE?EKS
myelencephalon (spinal brain; lowest part of the future brain

stem). The brain stem narrows to become the spinal cord at DEVELOPMENT
the level of the foramen magnum of the skull. OF BRAIN

(Lateral views)
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FETAL CIRCYLATION o
PLEGCEN TR A 1
- CN: Usered for B (oxygenated blood, represented by a dotted arrow) and B
@%%@@@Q@O@Gﬂ @&’©©@ 8 (umbilical vein). Use blue for D (deoxygenated blood, represented by a
VLMEBILICAL VEIW) & light-lined arrow). Use purple for E (mixed deoxygenated and oxygenated
blood, represented by a dark-lined arrow) and g (umbilical artery). Use
@@@ f@@ W@@@@@@C bright colors for C, F, and G. (1) Color the placenta and the large number 1,
as well as the enlarged rectangular portion of the placenta magnified to show
@?‘?%@@0@ D@@@@ OD@@@ C::>D capillary exchange between fetal and maternal vessels. (2) Color the large
MU%@@ &@@@ [:>: numbers while coloring related structures and blood flow arrows. (3) Color

the placenta and components of the umbilical cord in the uterus at lower left.

FORAMERN OVALE -
PUCTUS ARTERIOSUS
VRIBILICRE ARRTERBY

\
The fetus in the uterus does not breathe air; its lungs are deflated. This
plate reveals how the fetus gets oxygen-rich blood to its system (in the
absence of breathing air) and gets oxygen-poor blood out of the body.
The placenta (numeral 1) is an organ in the uterus of a pregnant
woman that provides gaseous and nutritional support for the fetus.
The placenta communicates with the fetus by an umbilical cord (2).
The vessel taking oxygen-rich blood from the placenta to the fetus is the ’
umbilical vein (2) which runs to the underside of the liver (3) to join the
portal vein. Here the oxygen-rich blood of the former is mixed with the
oxygen-poor blood of the latter. A vein existing only in the fetus (ductus

venosus) diverts the blood directly to the hepatic vein, bypassing the
liver sinusoids. The mixed blood then enters the inferior vena cava to the
right heart. The blood is directed to the left (systemic) side of the heart
by two means: an opening in the interatrial wall (foramen ovale; 4) and
a short vessel between the pulmonary trunk and the descending part of
the aortic arch (ductus arteriosus; 5). Only a fraction of mixed blood
gets pumped to the non- functioning (but living) lungs. The mixed
blood leaves the heart via the aorta (6) to reach the body tissues. The
oxygen-carrying capacity of fetal hemoglobin is particularly great in
comparison with that of the adult; the fetal tissues get sufficient oxygen-
ation from mixed blood to permit remarkably rapid growth.

Aortic
arch

"™\ Left lung

Pulmonary
Paired umbilical arteries, arising from the internal iliacs, return the oxy- tron

gen-poor blood from the fetus to the umbilical cord and placenta. After
birth, because of altered hemodynamic patterns associated with breath-
ing, the circulation in the fetal umbilical vessels and ducts of the newborn

diminishes significantly and the vessels soon thrombose. The umbilical Hepatic. ,’ ~] JL- |
vein atrophies to become the ligamentum teres in the falciform ligament vew: | ) V E )
(Pl. 106); the umbilical arteries become the medial umbilical ligaments ) l ) r—Descending
(P1. 75); the ductus venosus becomes the ligamentum venosum:; revised Liver G f Aot
circulation to the lungs induces closure of the foramen ovale; flow Umnbilicys \ o Hepatic

D portal vein

through the ductus arteriosus trickles down and the vessel closes
and becomes a ligamentous strand (ligamentum arteriosum; PI. 66).
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PLATE 36
Bones of the upper limb

Clavicle
Scapula
Humerus
Ulna

Radius
Carpals
Metacarpals
Phalanges

I OGTMMmOoOO o>

Joints of the upper limb

1 Acromioclavicular joint
2 Glenohumeral
(Scapulohumeral) joint

3 Sternoclavicular joint

4 Humeroulnar joint

5 Radiohumeral joint

6 Proximal Radioulnar joint

7 Distal Radioulnar joint

8 Radiocarpal joint

9 Intercarpal joint
10 Carpometacarpal joint
11 Intermetacarpal joint
12 Metacarpophalangeal joint
13 Interphalangeal joints

ANSWER KEYS

PLATE 43

Bones of the lower limb
Hip

Femur

Patella

Tibia

Fibula

Tarsal

Metatarsals

Phalanges

ITOGTMOO ®@>

Bones of the upper limb

Al Scapula

B! Humerus
D' Ulna

E' Radius

F! Carpals

G' Metacarpals
H' Phalanges

Joints of the lower limb

1 Sacroiliac joint
2 Hip joint
3 Patellofemoral joint
4 Tibiofemoral joint
5 Proximal tibiofibular joint
6 Distal tibiofibular joint
7 Ankle joint
8 Intertarsal joint
9 Tarsometatarsal joint
10 Intermetatarsal joint
11 Metatarsophalangeal joint
12 Interphalangeal joints
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PLATE 60

Muscles of the upper limb

MUSCLES ACTING PRIMARILY ON THE SCAPULA
A Trapezius

A" Rhomboids

A?  Serratus anterior

MUSCLES MOVING THE SHOULDER JOINT
B Deltoid

B! Pectoralis major

B2 Latissimus Dorsi

B3 Infraspinatus

B* Teres Minor

B® Teres Major

B® Coracobrachialis

MUSCLES MOVING ELBOW & RADIOULNAR JOINTS
C Biceps brachii

C' Brachialis

C? Triceps brachii

C3 Anconeus

C* Brachioradialis

C® Pronator teres

MUSCLES MOVING WRIST & HAND JOINTS
D  Flexor carpiradialis

D' Palmar longus

D? Flexor carpi ulnaris

D3 Extensor carpi radialis longus

D* Extensor carpi radialis brevis

D5 Extensor digitorum

DS Extensor digiti minimi

D’ Extensor carpi ulnaris

FOREARM MUSCLES MOVING THE THUMB
E  Abductor pollicis

E' Extensor pollicis longus

E2 Extensor pollicis brevis

THENAR MUSCLES MOVING THE THUMB
F  Opponens pollicis

F' Abductor pollicis brevis

F2 Flexor pollicis brevis

HYPOTHENAR MUSCLES MOVING THE 5TH DIGIT
G Opponens digiti minimi

G' Abductor digiti minimi

G2 Flexor digiti minimi brevis

OTHER MUSCLES ACTING ON THE THUMB & FINGERS
H  Adductor pollicis

H' Lumbricals

H2 Dorsal interosseous



PLATE 68

Muscles of the lower limb

MUSCLES ACTING PRIMARILY ON THE HIP JOINT

A Obturator internus
Al lliopsoas

AZ  Gluteus medius

A3 Tensor fasciae latae
A% Gluteus maximus
A Pectineus

A Adductor longus
A’ Adductor magnus

MUSCLES ACTING PRIMARILY ON THE KNEE JOINT

B Rectus femoris

B! Vastus lateralis

B2 Vastus medialis

B3 Sartorius

B4 Gracilis

BS Biceps femoris

B6 Semitendinosus

B’ Semimembranosus

MUSCLES ACTING PRIMARILY ON THE ANKLE JOINTS

C Gastrocnemius

C' Plantaris

C? Soleus

C® Flexor digitorum longus
C* Flexor hallucis longus

C® Tibialis anterior

CP Extensor digitorum longus
C’ Extensor hallucis longus
C8 Fibularis (Peroneus) tertius

MUSCLES ACTING PRIMARILY ON THE SUBANKLE JOINTS

D Fibularis (Peroneus) longus

D' Fibularis (Peroneus) brevis

MUSCLES ACTING ON DIGITS OF THE FOOT
E  Abductor hallucis

E' Abductor digiti minimi

E2 Extensor digitorum brevis

ANSWER KEYS

PLATE 115

Review of major arteries
A Aortic Arch

ARTERIES OF THE UPPER LIMB

Brachiocephalic

Subclavian

Axillary

Brachial

Radial

Ulnar

Deep palmar arch

Superficial palmar arch

Palmar digital

ARTERIES OF THE HEAD AND NECK
K Common carotid
L Internal carotid
M External carotid

ARTERIES OF THE CHEST
A Aortic arch
A' Thoracic aorta
N Intercostal
0 Internal thoracic
P Musculophrenic
Q
R

CTIOMMOO®

Superior epigastric
Pulmonary trunk
S Pulmonary

ARTERIES OF THE ABDOMEN AND PELVIS
A2 Abdominal aorta
Celiac
Superior mesenteric
Inferior mesenteric
Renal
Testicular/Ovarian
Common iliac
Internal iliac
External iliac
Inferior epigastric
TERIES OF THE LOWER LIMB
Femoral
Popliteal
Anterior tibial
Dorsalis pedis
Arcuate
Dorsal metatarsal
Dorsal digital
Posterior tibial
Fibular
Medial plantar
Lateral plantar
Plantar arch
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PLATE 120

Review of major veins
VEINS OF THE UPPER LIMB
Dorsal digital

Dorsal digital network
Basilic

Cephalic

Brachial

Axillary

Subclavian
Brachiocephalic
Superior vena cava
Digital

Superficial palmar arch
Deep palmar arch
Radial

Ulnar

VEINS OF THE HEAD AND NECK
O Internal jugular
P External jugular

VEINS OF THE CHEST
Q Pulmonary

R Intercostal

S Azygos

T Thoracoepigastric

VEINS OF THE LOWER LIMB
Dorsal digital

Dorsal metatarsal
Dorsal venous arch
Great saphenous
Lesser saphenous
Plantar digital

Plantar metatarsal
Deep plantar venous arch
Medial plantar
Lateral plantar
Posterior tibial

Dorsal

Anterior tibial
Popliteal

Femoral

VEINS OF THE PELVIS AND ABDOMEN
10 External iliac

11 Internal iliac

12 Common iliac

13 Testicular/Ovarian
14 Renal

15 Inferior mesenteric
16 Splenic

17 Superior mesenteric
18 Gastric

19 Hepatic portal

20 Hepatic

21 Inferior vena cava
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APPENDIX B

The spinal cord segments and spinal nerve roots give origin to
spinal nerves whose axons are distributed among the peripheral
nerves. Cranial nerves are not included here, but can be reviewed
in Plate 83. The motor axons of these nerves innervate skeletal
muscle. The loss of a nerve supply threatens the life of a skeletal
muscle. When a muscle is denervated, its functional loss is usually
characterized by sensory loss, reduction of a related deep tendon
reflex, and muscle atrophy/weakness. Nerve roots shown in bold-
face are particularly likely to reveal deficits (radiculopathy) if
injured. Here are listed the skeletal muscles, the nerves that
supply them, and the related spinal nerve roots and spinal cord
segments. A nerve in parentheses indicates small contribution.

SPINAL INNERVATION OF SKELETAL MUSCLES

SKELETAL
MUSCLE

NECK

Sternocleidomastoid
Geniohyoid

Sternohyoid

Sternothyroid

Thyrohyoid

Omohyoid

Longus Colli/Capitis
Rectus Capitis

Scalenus Anterior
Scalenus Medius/Posterior

NERVE
SUPPLY

Spinal Accessory/C2, 3, 4
C1 by way of Hypoglossal
Ansa Cervicalis

Ansa Cervicalis

C1 by way of Hypoglossal
Ansa Cervicalis

Muscular Brs.

Muscular Brs.

Muscular Brs.

Muscular Brs.

SPINAL CORD SEGMENT/

NERVE ROOT
C1-C5
C1
C1-C8
C1-C3
C1
C1-C3
C2-C6
C1-C2
C4-C6
C3-C8



SPINAL INNERVATION OF SKELETAL MUSCLES

SKELETAL
MUSCLE

UPPER LIMB

Trapezius

Rhomboids Major/Minor
Levator Scapulae
Serratus Anterior
Pectoralis Minor
Subclavius
Supraspinatus
Infraspinatus
Subscapular

Teres Minor

Deltoid

Pectoralis Major
Latissimus Dorsi

Teres Major

Biceps Brachii
Brachialis
Coracobrachialis
Brachioradialis
Triceps Brachii
Anconeus

Supinator

Pronator Teres
Pronator Quadratus
Palmaris Longus
Palmaris Brevis

Flexor Carpi Radialis
Flexor Carpi Ulnaris
Flexor Digit. Superficialis
Flexor Digit. Profundus
Flexor Pollicis Longus
Thenar Muscles
Hypothenar Muscles
Hand Intrinsic Muscles
Interossei

Lumbricales 1, 2
Lumbricales 3, 4

Wrist Extensors

Digit Extensors

NERVE
SUPPLY

Spinal Accessory
Dorsal Scapular

Dors. Scap. (C5); Musc. Br.
Long Thoracic
Med./Lat. Pectoral
Nerve to Subclavius
Suprascapular
Suprascapular
Upper/Lower Subscapular
Axillary

Axillary

Medial/Lateral Pectoral
Thoracodorsal

Lower Subscapular
Musculocutaneous
Musculocutan./(Radial)
Musculocutaneous
Radial

Radial

Radial

Radial

Median

Median

Median

Ulnar

Median

Ulnar

Median

Median/Ulnar

Median

Median

Ulnar

Ulnar

Ulnar

Median

Ulnar

Radial

Radial

SPINAL CORD SEGMENT/
NERVE ROOT

C1-C5
C4-C5
C3-C5
C5-C7
C5-Ti1
C5-C6
C5-C6
C5-C6
C5-C6
C5-C6
C5-C6
C5-Ti1
C6-C8
C5-C7
C5-C6
C5 - (C7)
C5-C7
C5-C6
C6,C7,C8
C6 - C8
C6-C7
C6-C7
C7-C8
C7-T1
C8-T1
C6-C7
C7, C8, T1
c8, T1
C8, T1
C7,C8
Cc8, T1
C8, T1
cs8, T1
C8, T1
Cc8, T1
c8, T1
C6-C8
C7,C8
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SPINAL INNERVATION OF SKELETAL MUSCLES

SKELETAL
MUSCLE

LOWER LIMB

Psoas Major

Psoas Minor

lliacus

Adductors of the Hip
Adduct. Magnus
Pectineus

Quadriceps Femoris
Sartorius

Tensor Fasciae Latae
Gluteus Maximus
Gluteus Medius/Minimus
Hamstrings (Post. Thigh)
Lateral Hip Rotators
Piriformis

Obturator Internus
Obturator Externus
Gemelli Sup. /Inf.
Quadratus Femoris
Tibialis Anterior

Extensor Hallucis Longus
Extensor Digitorum Long.
Fibularis (Peron.) Tertius
Fibularis Longus/Brevis
Gastrocnemius/Soleus
Plantaris

Tibialis Posterior

Flexor Hallucis Longus
Flexor Digitorum Longus
Foot Intrinsic Muscles

NERVE
SUPPLY

Lumbar Musc. Brs.
Lumbar Musc. Br.
Femoral

Obturator
Obturator/Sciatic
Femoral/Obturator
Femoral

Femoral

Superior Gluteal
Inferior Gluteal
Superior Gluteal
Sciatic

Sacral Plexus

Nerve to Piriformis
Nerve to Obturator Int.
Obturator (Posterior Br.)

N. to Obt. Int./N. to Quad. F.

N. to Quadratus Femoris
Deep Fibular (Peroneal)
Deep Fibular (Peroneal)
Deep Fibular (Peroneal)
Deep Fibular (Peroneal)

Superficial Fibular (Peroneal)

Tibial
Tibial
Tibial
Tibial
Tibial
Tibial/Plantar

SPINAL CORD SEGMENT/
NERVE ROOT

L1-L3

L1

L2-L3

L2, L3, (L4)
L2, L3, (L4)
L2, L3
L2-L4
L2-13
L4 - S1

L5, S1,(S2)
L4 - St
L5-S82
L5-82
L5-82
L5 - St
L3-L4
L5-S1

LS -S1
L4 -L5

LS

L5, S1
L5-51

L5 —'&i
S1-582
S1-82
L4-L5

L5, 81, 82
L5 -82
L5-83



CONTINUED

SPINAL INNERVATION OF SKELETAL MUSCLES

SKELETAL
MUSCLE

THORACIC WALL

Ext./Int./In. Intercostals
Thoracic Diaphragm
Serratus Post. Superior
Serratus Post. Inferior
Subcostalis/Transv. Thor.

ABDOMINAL WALL

External/Internal Oblique
Cremaster (from Int. Obl.)
Transversus Abdominis
Rectus Abdominis
Pyramidalis

Quadratus Lumborum

DEEP BACK

Suboccipital Muscles
Erector Spinae Muscles
Splenius Capitis/Cervicis
Transversospinalis Ms.

PELVIS/PERINEUM
Levator Ani
Coccygeus
Perineal Muscles
Urethral Sphincter Ms.

Anal Sphincter Ms.

NERVE
SUPPLY

Intercostal

Phrenic

Thoracic Posterior Rami
Thoracic Posterior Rami
Intercostal

Thor./Lumbar Post. Rami
Genito-Fem. N./Gen. Br.
Thor./Lumbar Post. Rami
Thoracic Post. Rami
Subcostal

Thor./Lumbar Ant. Rami

Cervical Posterior Ramus
Post. Rami all Spinal Ns.

Post. Rami of Cerv. Sp. Ns.

Post. Rami of Spinal Ns.

Pudendal/Sacr. Ant. Rami
Ant. Ramiof Sacral Ns.
Pudendal/Sacral Sp. Ns./
Pelvic Splanchnic Ns.
Pudendal/Sacral Sp. Ns./
Pelvic Splanchnic Ns.
Perineal/Rectal Branches
of Pudendal / S4 Sp. N.

SPINAL CORD SEGMENT/
NERVE ROOT

T - T11
C3-C5
T1-T3
T9-T12
T12/T1 - T11

T6-T12, L1
L1-L2
T6-T12, L1
T5-T12
T12
T12,L1-L3

C1

C2 - 51
C3-C8
C2 - 51

S2-53
S3-54;Co 1 (?)
S2-54
S2 -4

S2 -54
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Anatomical terms as set forth and revised by the International Anatomical Nomencla-
ture Committee of the International Congress of Anatomists, published in the 6th Edition
of the Nomina Anatomica (1989), are included herein. For further inquiry, consult a
standard medical dictionary. The terms here are compatible with those listed in
Dorland's Illustrated Medical Dictionary, 27th Edition. Pronunciation of terms is given
phonetically (as they sound, not by standard dictionary symbols). The primary accent
(emphasis) is indicated by capitalized letters, e.g., ah-NAT-oh-mee, included with the
definitions. The plural form is in parentheses following the term defined, e.g., alveolus(i)

or alveoli. PIl. = plural.

A

A-, an-, without.

Ab-, away from the midline.

AB, antibody.

Abdomen, the region between the thoracic diaphragm
and the pelvis.

Abscess (AB-sess), a cavity in disintegrating tissue, char-
acterized by the presence of pus and infective agents.

Achilles, in Greek mythology, one of the sons of Peleus,
a young king, and Thetis, one of the immortal god-
desses of the sea. Not wanting Achilles to be mortal
like his father, Thetis dipped him into the River Styx,
holding him by the heel cord (tendocalcaneus),
making him invulnerable to harm except at that spot.
Achilles later became a great Greek warrior. In the
many wars between Greece and Troy, Achilles was
invulnerable to harm. At last, a Trojan, aided by the
god Apollo, slew Achilles with an arrow into the vul-
nerable heel cord. The term “Achilles heel” refers to
one’s vulnerabilities; the Achilles tendon is the ten-
docalcaneus.

Acinus(i) (ASS-ee-nus), a saclike gland.

Actin, a protein of muscle, associated with the contrac-
tion/relaxation of muscle cells.

Ad-, toward the midline.

Adeno- (ADD-eh-no), gland.

Afferent, leading to a center.

Ag, antigen.

AIDS, acquired immunodeficiency syndrome.

-algia, pain.

Alimentary canal, the digestive tract from mouth to anus.

Alveolus(i) (al-VEE-oh-lus), grape-shaped cauvity,
rounded or oblong. Refers to the shape of exocrine
glands, air spaces within the lungs, and the bony
sockets for teeth.

Amino acid (ah-MEEN-oh), atwo-carbon molecule with a
side chain that contains either nitrogen (in the form of
NHo) or a carboxyl group (-COOH).

Amorphous (ay-MORF-us), without apparent structure at
some given level of observation. What appears amor-
phous at 1000X magnification may be quite struc-
tured at 500,000X.

Amphi-, double, about, around, both sides.

Amphiarthrosis(es) (AM-fee-ar-THRO-sis), see joint clas-
sification, functional.

Ampulla(e), dilatation of a tubular structure.

Anastomosis(es) (ah-NASS-toh-moh-sis), connection
between two vessels.

Anatomy (ah-NAT-oh-mee), ana = up, tome = to cut; the
study of structure.

Anemia (ah-NEE-mee-ah), a condition of inadequate
numbers of red blood corpuscles.

Angina (an-JYNE-ah), pain, especially cardiac pain.

Angio-, a vessel.

Angle, the point of junction of two intersecting lines, as
in the inferior angle of the scapula between the verte-
bral (medial) and axillary (lateral) borders of that
bone.

Angulus(i), an angle.

Ankle, the tarsus. The region between the leg and foot.

Annulus(i) (AN-new-lus), a ringlike or circular structure.

Ano-, anus.

Anomaly (ah-NOM-ah-lee), an abnormality, especially in
relation to congenital or developmental variations
from the normal.

A.N.S. or ANS, autonomic nervous system.

Ansa, loop.

Anserine, like a goose. Pes anserinus, goose foot.

Ante- (AN-tee), forward.

Antebrachium, forearm.

Antecubital, in front of the elbow (cubitus).

Anti-, against.

Antibody, a complex protein (immunoglobulin). A prod-
uct of activated B lymphocytes and plasma cells, it is
synthesized as part of an immune response to the
presence of a specific antigen.

Antigen, any substance that is capable of inciting an
immune response and reacting with the products of
that response. Antigens may be in solution (toxins) or
may be solid structures (microorganisms, cell frag-
ments, and so on). Particulate matter that is phago-
cytosed but does not incite an immune response
does not constitute antigen. Specific antibodies
formed by cloning (monoclonal antibodies) may
react with certain surface molecules on a cell mem-
brane; those surface molecules constitute antigens.

Antigenic determinant, the specific part of an antigen
that reacts with the product of an immune response
(antibody, complement).

Aperture (AP-er-chur), an opening.

Apical, an apex or pointed extremity.

Aponeurosis(es), a flat tendon.

Apophyseal (app-oh-FIZZ-ee-al), refers to apophysis.

Apophysis(es) (ah-POFF-ee-sis), an outgrowth; a pro-
cess.

Arborization (ar-bor-eye-ZAY-shun), branching of termi-
nal dendrites.
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Areolar (ah-REE-oh-lar), filled with spaces.

Arm, that part of the upper limb between the shoulder
and elbow joints.

Arrhythmia(s) (a-RITH-mee-ah), a variation from the nor-
mal rhythm of the heartbeat; the absence of rhythm.

Arterio-, artery.

Arthr- (AR-thr), joint.

Arthritis(ides) (ar-THRI-tiss), inflammation of a joint.

Articular, joint.

Articular process, an outgrowth of bone on which there
is a cartilaginous surface for articulation with another
similar surface.

Articulation, a joint or connection of bones, movable or
not; occlusion between teeth; enunciation of words.

Aspera, rough.

Aster, aray, asinrays of light; in the cell, rays of microtu-
bules projecting from centrioles.

Atherosclerosis, a form of arterioclerosis or hardening of
the arteries; specifically, characterized by yellowish
plaques of cholesterol and lipid in the tunica intima of
medium and large arteries.

ATP, adenosine triphosphate, a nucleotide compound
containing three high-energy phosphate bonds
attached to a phosphate group; energy is relzased
when the ATP is hydrolyzed to adenosine diphos-
phate and a phosphate group.

Atrophy (AT-troh-fee), usually associated with decrease
in size, as in muscle atrophy.

Avascular (ay-VASS-kew-lur), without blood vessels or,
in some cases, blood.

Avulsion, tearing a part away from the whole, as in tear-
ing a tendon from its attachment to bone.

B

Back, the region making up the posteriormost wall of the
thorax and abdomen, supported by the thoracic and
lumbar vertebrae. Strictly defined, it excludes the
neck and sacrum/coccyx (pelvis).

Basal lamina(e), a thin layer of interwoven collagen
fibrils interfacing epithelial cells (and certain other
nonepithelial cells) and connective tissue. Seen only
with an electron microscope.

Basement membrane, basal lamina and a contiguous
layer of collagenous tissue. Seen with a light micro-
scope, it controls diffusion and transport into/out of
the cell.

Basilar, at the base or bottom.

Benign, nonmalignant; often used to mean mild or of
lesser significance.

Bi-, two.

Bicipital, two-headed.

Bicuspid, a structure, e.g., a tooth or valve, with two
cusps.

Bifurcate (BY-fur-cate), to branch.

Bilateral, both sides (left and right).

-blast, formative cell; immature form.

Blephar-, eyelid.

Blood-borne, refers to some structure carried by the
blood.

Blood—brain barrier, a state in the CNS in which sub-
stances toxic or harmful to the brain are physically

prevented from getting to the brain; it is represented
by tight endothelial junctions in capillaries of the
brain, tight layers of pia mater around vessels, and
the presence of neuroglial endfeet surrounding ves-
sels.

Bolus, a mass of food; any discrete mass.

Bone, immature, see bone, woven.

Bone, lamellar, mature bone characterized by organized
layers or lamellae of bone.

Bone, mature, see bone, lamellar.

Bone, primary, see bone, woven.

Bone, secondary, see bone, lamellar.

Bone, woven, immature bone characterized by random
arrangements of collagen tissue and without the typi-
cal lamellar organization seen in more mature bone.

Brachi-, arm.

Bronch-, referring to bronchi or bronchioles of the respi-
ratory tract.

Bursa(e), synovial-lined sac between tendons and bone
or muscle and muscle, or any other site in which
movement of structure tends to irritate or injure adja-
cent structure. It contains synovial fluid and is lined
externally by fibrous connective tissue.

Bursitis, inflammation of a bursa.

C

CD4, CD, “clusters of differentiation.” The abbreviation
refers to a collection of cell surface molecules with
specific structural characteristics (markers) reflecting
a common lineage. The identification of these mark-
ers is made by purebred (monoclonal) antibodies,
which react only with surface markers of cells of a
common lineage. Cells exhibiting cell surface mark-
ers of acommon lineage belong to a cluster (of dif-
ferentiation), identified by number, e.g., 4. Most
helper T lymphocytes have markers of three different
clusters—CD3, CD4, and CD8. Cytotoxic T lympho-
cytes are CD3, CD4, and CD8.

Cadaver (ka-DA-ver), a dead body.

Canaliculus(i), a small canal.

Cancellous (KAN-sell-us), having a lattice-like or spongy
structure with visible holes.

Cancer, a condition in which certain cells undergo
uncontrolled mitoses with invasiveness and metasta-
sis (migrating from the point of origin to other sites,
usually by way of the lymphatic and/or blood vascu-
lar systems). There are two broad divisions: carci-
noma, cancer of epithelial cells; sarcoma, cancer of
the connective tissues.

Capillary attraction, the force that attracts fluid to a sur-
face, such as water flowing along the undersurface
of a pouring tube.

Capitulum, arounded process of bone, usually covered
with articular cartilage. Synonym: capitellum.

Caput medusae, the head of the mythical Medusa,
whose golden hair entranced Neptune. The jealous
Minerva turned the hair of Medusa into a mass of
snakes. The term “caput medusae” is used for the
snake-like appearance of the dilated, interwoven
mass of subcutaneous veins surrounding the umbili-
cus in the condition of portal vein obstruction.
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Cardio-, heart

Carpus, carpo-, wrist.

Cauda equina (horse’s tail), the vertically oriented bun-
dle of nerve roots within the vertebral canal below the
level of the first lumbar vertebra (L1). Includes nerve
roots for spinal nerves L2 through the Co2, bilaterally.

Cauda equina syndrome, irritation/compression of the
cauda equina, resulting in bilateral symptoms and
signs that may include bladder and bowel inconti-
nence, weakness in the lower limb muscles, sensory
impairment from the perineum to the toes, and reflex
changes.

Cauterization, destruction of tissue by heat, as with an
electrocauterizing instrument.

Cavity, potential, a space between membranes that can
enlarge with fluid accumulation, as in the peritoneal
cavity (ascites) or pericardial cavity (cardiac tampon-
ade).

Cell body, the main, largest single mass of a neuron,
containing the nucleus surrounded by organelles in
the cytoplasm.

-centesis, puncture.

Central, at or toward the center.

Ceph-, head.

Cerebro-, brain; specifically, cerebral hemisphere.

Cerumen (sur-ROO-men), the wax secretion of the exter-
nal ear.

Cerv-, neck.

Cheil- (KY-el), lip.

Chest, the thorax.

Chir- (kir), hand.

Choana(e) (KOH-ah-nah), referring to a funnel, asin the
nasal passageways or apertures.

Chol- (kall), bile.

Chondro- (KOND-row), cartilage.

Chromosome (KRO-moh-sohm), “colored body.”

Circulare(s), circle

-clast (klast), disruption, breaking up.

Clearing, the process of clearing water or solvent out of
a specimen in preparation for microscopic study.

Cleavage, division into distinct parts.

Clinical, the setting in which a person is examined for
evidence of injury or disease.

Clot, coagulated blood; a reticular framework of fibrin,
platelets, and other blood cells. Associated fluid is
serum.

cm, centimeter.

C.N.S. or CNS, central nervous system, consisting of the
brain and spinal cord.

Co-, con-, together.

Coagulation, the clotting of the blood.

Coelom (SE-lom), the embryonic body cavity.

Collagen (KOLL-ah-jen), the protein of connective tissue
fibers. Several different types are found in fasciae,
tendons, ligaments, cartilage, bone, vessels, organs,
scar tissue, and wherever support