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Preface to the Second

Edition

In revising Functional Anatomy of the Limbs and Back 1 have kept
in mind its original purpose, to provide a readable account of the anat-
omy of most concern to those particularly interested in the functions
of muscles and the movements of the body, with special reference to
the needs of the student of physical therapy. The division of the book
into five sections. of which the first and the last present general infor-
mation deemed useful to the student while the three intervening sec-
tions contain more detailed information on the limbs and back, has
therefore been retained.

Within this general framework the revision of both text and figures
has been thorough. The N.A. (Nomina Anatomica) of 1955 has been
used throughout, thus eliminating the necessity for the beginning stu-
dent to burden his memory with synonyms, and only when the student
might obviously be handicapped by ignorance of an older but now
obsolete term has that been given. (With few exceptions, however, N.A.
terms are readily understandable to those who are already familiar
with the B.N.A.) With the beginning student in mind, more pains have
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been taken in the explanation of terms, cross references to both figures
and text have been added where it seemed they might help in under-
standing the text, and parts of the text have been rearranged and when
necessary rewritten to fit it better with the study of laboratory material.
The more important descriptive chapters have also had added to them
brief reviews through which the student can consolidate the knowledge
gained by observation in the laboratory, and review the surface anat-
omy of the part studied. As a part of these, tables of the nerves and
muscles are included.

New also are a number of figures, most of them showing vessels and
nerves. Figure 93 is borrowed from Clinical Examinations in Neurol-
ogy, by the Sections of Neurology and the Section of Physiology, Mayo
Clinic and Mayo Foundation, W. B. Saunders Co., 1956. Figures 19,
25-27, 29, 30, 44, 49-53, 57, 60, 61, 67, 71, 74-76, 96-98, 101, 103, 120,
123, 128-130, 132, 137, 141, 147, 150, 154, and 156 have been taken
from my larger three-volume work, Anatomy for Surgeons (New York,
Paul B. Hoeber Inc., 1954, 1956, and 1958), and I am much indebted
to its publishers for permission to use them here.

My thanks are due to a number of persons who have been kind
enough to call my attention to errors in the first edition or to offer
suggestions for this one. I believe I have made good use of their criti-
cism, and hope that such helpful letters and comments continue to
come in. I am particularly indebted to Mr. Darrel D. Hunt, Educa-
tional Administrator, and Mr. Dale V. Shaffer, Instructor, of the School
of Physical Therapy, Mayo Clinic, who have offered many suggestions
on the basis of their use of the book, and both of whom have read for
me the entire text.

W. HENrY HOLLINSHEAD
Rochester, Minnesota
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Anatomical Terminology

The beginning student of anatomy is confronted with the necessity
of mastering a largely new, cumbersome and complicated vocabulary.
The difficulties are increased by the fact that, in common with most
scientific terminology, anatomical names are given a Latin form. In
this country we tend to depart from the strict Latin by anglicizing
many expressions or using a direct English translation, but the Latin
terminology is nevertheless the foundation upon which our scientific
vocabulary is built. The problem is further complicated for most of us
through the fact that, regardless of their endings, most anatomical
terms have Greek or Latin roots. As most of them convey very definite
meanings it is well worth the effort to consult a medical dictionary,
when necessary, to discover the original meaning of the word and thus
translate it in one’s mind from a term that must be merely memorized
to one that is understood. If the student will make a conscientious
effort to understand the terminology of anatomy, he will find it much
easier to learn the facts and concepts of anatomy.

A further difficulty in anatomical terminology is the abundance of
synonyms that have accumulated for generations. The new interna-
tionally adopted anatomical terminology recognizes practically no
synonyms, but even anatomists, because they are used to an older
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4 The Organization of the Body

terminology, have difficulty in eliminating synonyms from their talk-
ing and writing. Certainly, many of the clinicians with whom the
therapist will come in contact will use the synonyms with which they
are most familiar, and it is impossible to eliminate synonyms from
older texts and figures that the student may consult. In this book the
use of synonyms has been reduced to an approximate minimum. Only
where it seemed obvious that the student might be handicapped through
ignorance of another commonly employed although officially outdated
term has that term been given as a synonym.

The major subdivisions of the body are the head, neck, trunk, and
limbs. Although it is perfectly proper to use these English names, they
also have Latin names that are used in many terms that the student
will meet. Thus the head is “caput,” and “capitis” therefore means “of
the head.” The neck is “collum”; cervix also means neck, especially its
anterior part, and nucha means its posterior part. Thus “colli” means
“of the neck,” and we also find the terms “cervical” and ‘“nuchal” or
“nuchae” used in referring to structures in the neck.

Our word “trunk” is obviously the same as the Latin “truncus,” but
we have no particular reason to use the latter word. However, the sub-
divisions of the trunk need to be understood. The Latin word for chest
is thorax, and this word will be met often both in this form, in its
possessive “thoracis,” which means “of the chest,” and in its adjectival
form “thoracic.” The abdomen is the part of the trunk with muscular
walls that lies below the thorax. It is most easily translated into our
word “belly,” but since this is considered inelegant we are left with no
acceptable translation, and therefore use the words “abdomen” and
“abdominal.” The supposed synonym “stomach,” as used popularly in
“stomach ache” or “shot in the stomach,” is not really a synonym; the
stomach is one particular part of the digestive tract, almost all of which
lies in the abdomen. The lowest part of the trunk is the pelvis (mean-
ing “basin”) and the Latin term is always used for this; “pelvic” is the
adjective pertaining to the pelvis.

The Latin for the limbs is “membra” (member), but has no common
usage. “Appendage” is a term long used by zoologists to describe limbs
in general, and sometimes appears in human anatomy in the adjectival
form “appendicular.” Names of smaller subdivisions of the limbs are
best reserved for the times when the limbs are studied.

Since anatomy is a descriptive science, many anatomical terms are
in themselves descriptive, referring to shape, size, location or function
of a part, or its fancied resemblance to some nonanatomical structure.
Muscles, especially, are usually so named, but since many muscles
may have a given shape or a given function it is usual to use more than
one descriptive adjective in naming a muscle. Thus there are two mus-
cles called biceps, or muscles with two heads of origin, so we distinguish
one as the biceps brachii, or two-headed muscle of the arm, the other
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as the biceps femoris, or two-headed muscle of the thigh. Similarly. the
pronator quadratus is a quadrilateral muscle that pronates or turns the
palm of the hand backward, the quadratus lumborum is a quadrilateral
muscle located in the lumbar region; the rectus abdominis is a muscle
running vertically (rectus means straight) in the abdominal wall, the
rectus capitis anterior is an anteriorly situated muscle running vertically
to attach to the caput, or head, and so forth.

In addition to the various technical names of structures in the body
there are also certain general terms describing surfaces of the body,
planes through the body, relative positions of one structure to another,
and so forth, that must be understood from the very beginning. The
surfaces of the trunk may be conveniently described as the dorsum, or
back, the ventral or belly surface, and the two sides, or lateral surfaces.
The cranium is the skull, and cephalon is the Greek word for head,
so cranial and cephalic both mean toward the head; similarly, caudal
means toward the tail, or in the human being toward where the tail
would be had it persisted from embryonic life.

The above-defined terms are all understandable regardless of the
position of the body, but there are others that require agreement as to
what position of the body we are referring to before they can be under-
stood. For instance, superior, meaning up or upward, implies a rela-
tion to gravity, and therefore might differ entirely in meaning accord-
ing to whether one was erect, lying upon one’s back, or standing upon
one’s head. For this reason, anatomists have agreed that such terms of
relative position should always be used in relation to a fixed position
of the body termed the anatomical position; the anatomical position is
the erect one, with the heels together and the feet pointing somewhat
outward, the arms by the sides and the palms facing forward. With
reference, then, to the anatomical position, superior always means to-
ward the head, and is therefore used interchangeably with cephalic or
cranial; similarly, inferior means toward the feet, and is usually synon-
ymous with caudal. Anterior, referring to the part of the body habit-
ually carried forward in progression, is thus synonymous with ventral
in the human being, and posterior and dorsal are also synonymous.
Even in the new anatomical terminology there is some inconsistency in
the use of the terms “anterior” and ‘“ventral,” and similarly in “pos-
terior” and “dorsal”; in essence, however, dorsal and ventral are used
in human anatomy only in referring to parts of spinal nerves and of
the hand and foot (compare our English “back of the hand”). Else-
where anterior and posterior are preferred, so what was once, for ex-
ample, the dorsal interosseous artery is now the posterior interosseous
artery. The term “ventral” was rarely used in regard to the limbs
(except in developmental stages), the more common term here being
“volar” (vola = the palm or sole); this has now been abandoned as the
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antithesis of posterior, so what was once the volar interosseous artery
is now called the anterior interosseous artery.

Other terms of relative position are medial and lateral, that is, toward
the midline or toward a side. In the case of the limbs, however, some
confusion might exist as to whether these terms refer to the body as
a whole or to the limb itself; thus the little finger is medial to the other
fingers in regard to the midline of the body, but is lateral, as is the
thumb, in regard to the midline of the hand. It is best in this case,
therefore, to use medial and lateral only when referring to the limb
as a whole, and its relation to the body in the anatomical position; if
relative mediolateral relationships of structures within the limb are to
be described, radial and ulnar, and tibial and fibular are the terms
best employed. These terms refer to the paired bones of the limbs. In
the upper limb, the radius is on the thumb side, the ulna on the little
finger side, and in the lower limb the tibia is on the side of the big toe
while the fibula is on that of the little toe; the sides of the limbs are
thus named from the positions of these bones. Additional terms espe-
cially useful in regard to the limbs are proximal, meaning toward the
attachment of the limb to the trunk; distal, or away from the base of
the limb; palmar, referring to the palm of the hand; and plantar, re-
ferring to the sole of the foot.

In regard to the planes of the body, the sagittal plane is one passing
through the midline of the body so as to divide it into right and left
halves; a parasagittal plane is one parallel to the sagittal, but to one
side of it. A coronal or frontal plane is one dividing the body into an
anterior and a posterior (ventral and dorsal) portion, thus running
roughly parallel with the front of the body and with a suture of the
skull called the coronal suture. A horizontal or transverse plane divides
the body or limbs into upper and lower parts, in relation to gravity
and the anatomical position.

In describing movements we may refer to them as being toward or
away from a given plane, or we may find it convenient to speak of the
axis of motion. For any given movement the axis of motion is an imag-
inary line about which a part describes a rotatory movement. These
axes of motion typically make angles with one of the chief planes of
the body. For instance, the axis for bringing the forearm up against
the arm (“bending” the arm) is a line passing through the elbow
region from lateral to medial sides, and is therefore at approximate
right angles to the sagittal plane, and correspondingly apprommately
parallel to the frontal plane.

In addition to the terms of position, we must also agree in general
upon the meaning of terms describing movement. In general, bending
of the trunk or the limbs occurs most freely toward the original ventral
surfaces of these members, therefore flexion, which means bending, is
usually a bending in the ventral direction; if we want to designate a
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bending as being in the dorsal direction, it is proper to say dorsiflexion.
Extension, the straightening out of a bent part, is a movement opposed
to that of flexion, and therefore occurs typically in the dorsal direction;
if, at the joints where this is possible, we continue the movement of
extension beyond that necessary to straighten the part, we can desig-
nate it as hyperextension. Dorsiflexion and hyperextension are plainly
synonymous, as they both designate movement in the same direction.
From these terms of movement we have acquired terms of position that
are frequently used colloquially, although not a part of official ter-
minology. Thus we may speak of the flexor or extensor surfaces of a
limb, and these correspond to the original ventral and dorsal surfaces
of the developing limb.

Abduction means moving apart, or away from the midline, and ad-
duction, the reverse, is moving together, or toward the midline; both
of these are particularly useful in describing movements of the limbs.
Protraction is moving a part forward, retraction moving it back; eleva-
tion is lifting a part, that is, moving it superiorly, while depression is
moving it inferiorly. Rotation is the twisting of a part around its longi-
tudinal axis, and is described as lateral or external rotation if the an-
terior surface of the part is turned laterally, and medial or internal
rotation if it is turned medially. Circumduction is a combination of
successive movements of flexion, abduction, extension and adduction
in such a fashion that the distal end of the part being moved describes
a circle.

In relation to the limbs, especially, some of the terms defined above
are apt to be confusing in their specific applications. For this reason
an effort has been made in the following chapters of this book to so
define terms of relation and movement, as they apply specifically to
the part being considered, that there can be no ambiguity as to what is
meant. With the proper use of the dictionary, and with due regard to
the correct usage of anatomical terms as displayed by your instructor
and in textbooks, the bugaboo of anatomical terminology can be largely
overcome, and what may seem at first an almost incomprehensible
jargon will become a useful part of your scientific language.



The Tissues of the Body

The human body, like most of the better-organized forms of animal
life, consists of various types of specialized cells and a varying amount
of intercellular substance; much of the actual weight of the body is
water, both within the cells and without. The cells represent the living
portion of the organism, while the intercellular substance, regardless
of its nature, represents nonliving material that owes its existence to
the activities of the cells.

Most types of cells tend to occur in groups in which the constituents
are somewhat similar both in appearance and in function; such organ-
ized groups of cells are known as tissues. The tissues of the body are
in turn not independent of one another, but rather various types of
tissues are interwoven to form more complex anatomical and functional
units known as organs or organ systems.

According to their general appearance and functions, the various tis-
sues of the body are usually classified into a few great groups: epithelial
tissue, connective tissue, muscular tissue, nervous tissue, and blood.

7

Epithelia

Epithelial tissue (fig. 1) occurs most commonly in sheets, and is
adapted especially for covering other tissues. It serves the general func-
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tions of protection, absorption and secretion. An epithelium is char-
acterized by the fact that its cells are closely packed together with a
minimum of inert intercellular cement substance between them. The
cells may vary in shape from extremely flat ones resembling paving
stones (called squamous cells; squama means a scale, such as that of a
fish), to cuboidal ones shaped somewhat like children’s blocks, to tall
columnar ones. There are many subvarieties in shape, general appear-
ance and function.

An epithelium may take the form of a single-layered sheet of cells,
a multilayered sheet, or of essentially tubular outgrowths (glands)
from such sheets. One type of epithelium covers the external surface
of the body where, as the outer layer of the skin, a stratified or multi-
layered epithelium with dead outer cells protects the more delicate
deeper-lying cells and serves as a membrane to seal off intercellular
spaces from contact with the outside. Another type of epithelium,
adapted for absorption and secretion, lines the digestive tract, and out-
growths from this epithelium form the digestive glands, including also
the characteristic cells of such large organs as the liver and pancreas.
Other types of epithelium line the tubules of the kidneys, the ureters,
and the urinary bladder, and of course continue along the urethra (the
tube leading from the bladder) to unite with the epithelium of the skin.
Thus epithelium occurs primarily either on the outside of the body or
as a lining of those cavities of the body that communicate with the
exterior.

Figure 1. Several types of epithelium. a. Simple squamous, surface view. b.
Simple cuboidal. ¢. Ciliated columnar. 4. Stratified squamous. b, ¢, and d represent
views of sections.
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Two specialized types of epithelium are also found lining closed cavi-
ties within the body. Mesothelium, a single-layered very flattened
epithelium of the pavement or squamous type, lines the four great
cavities of the trunk, namely, the two pleural cavities surrounding the
lungs, the pericardial cavity surrounding the heart, and the peritoneal
cavity surrounding the abdominal viscera. Endothelium, essentially
similar to mesothelium in appearance, forms the inner lining of the
heart, of all blood vessels, and of the lymphatics.

Connective Tissue

Connective tissue stands in the sharpest contrast to epithelial tissue
in its composition, since in connective tissue the cells are more or less
widely dispersed and separated from each other by nonliving intercel-
lular material; it is the presence and character of this intercellular
material that gives connective tissue its specific characteristics.

The most pervasive type of connective tissue in the body is fibrous
connective tissue (fig. 2). In this type the spaces between the cells are
occupied by numerous fibers that make the tissues tough and capable
of withstanding distortions and strains. The fibers between the cells
may be of several types, and may occur either in the form of a loosely
woven net with large quantities of fluid in the interstices of the net,
or they may be closely packed with little interfibrillar space. The most
common type of fiber found in connective tissues is the collagenous
fiber. These fibers are nonelastic; therefore, when they occur in places
in which some deformation must be possible they are arranged in wavy
bundles that allow movement until the slack of these bundles is taken
up. Elastic fibers are the other important type of intercellular fibers;
these fibers are actually elastic as their name implies: they may be
stretched, and whent the tension upon them is relaxed, they will shorten
again. Their cut ends often curl. They occur frequently mixed in with
more numerous collagenous fibers, but in certain locations great bun-
dles of almost pure elastic tissue are found. At intervals, in the inter-
stices between connective tissue fibers, connective tissue cells occur.
The most important of these, known as fibroblasts, are responsible for
the formation and repair of the connective tissue fibers. Others possess
the property of ingesting formed material; in this duty they may be
aided by cells from the blood, some of which pass freely into the fibrous
connective tissues as a part of the reaction of inflammation.

Collagenous tissue, with or without the admixture of elastic fibers, is
the most ubiquitous of all tissues. Taking various forms, it permeates
and surrounds practically all the tissues of the body, serving as a bind-
ing agent for these tissues. Indeed, it has been aptly said that if it were
possible to dissolve out all of the tissues of the body so as to leave only
the fibrous connective tissues, the essential organization of the body



